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An 8-year-old has been persistently argumentative and angry with adults at home and school
for 8 months. He often defies rules and deliberately annoys others, but does not violate others'
basic rights. Which diagnosis fits the criteria?

A. Conduct disorder

B. Oppositional defiant disorder

C. Intermittent explosive disorder

D. Bipolar I disorder

E. Disruptive mood dysregulation disorder
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delinquency and criminality, legal problems, substance use, unplanned 
pregnancy, social instability, marital failure, and academic and occupa-
tional underachievement. 

ETIOLOGY AND RISK FACTORS
At the individual level, a number of neurobiologic markers (lower heart 
rate and skin conductance reactivity, reduced basal cortisol reactivity, 
abnormalities in the prefrontal cortex and amygdala, serotonergic abnor-
malities) have been variously associated with aggressive behavior disor-
ders. Other biologic risk factors include pre-, peri-, and postnatal insults; 
cognitive and linguistic impairment, particularly language-based learning 
deficits; difficult temperamental characteristics, particularly negative affec-
tivity, emotional reactivity, poor frustration tolerance, and impulsivity; cer-
tain personality characteristics (novelty seeking, reduced harm avoidance, 
and reward dependence); and certain cognitive characteristics (cognitive 
rigidity, hostile attributions for ambiguous social cues).

At the family level, a consistently demonstrated risk factor is ineffective 
parenting. Parents of behaviorally disordered children are more inconsis-
tent in their use of rules, issue more and unclear commands, are more likely 
to respond to their child based on their own mood rather than the child’s 
behavior, are more likely to utilize a harsh or neglectful parenting style, are 
less likely to monitor their children’s whereabouts, and are relatively unre-
sponsive to their children’s prosocial behavior. Complicating this asso-
ciation is the consistent finding that temperamentally difficult children 

are more likely to elicit negative parenting responses, including physical 
punishment, which can exacerbate anger and oppositionality in the child. 
Other important family-level influences include impaired parent–child 
attachment, child maltreatment (physical and sexual abuse, neglect), expo-
sure to marital conflict and domestic violence, family poverty and crime, 
frequent changes in caregivers, and family genetic liability (family history 
of the disorders in this class along with substance use, depressive, bipolar, 
schizophrenic, somatization, and personality disorders, as well as ADHD, 
have all been shown to be associated with the development of behavior 
disorders).

Peer-level influence on the development of behavior problems includes 
peer rejection in childhood and antisocial peer groups. Neighborhood 
influences include social processes such as collective efficacy, social con-
trol, and exposure to violence. Culturally, it is helpful to consider the 
context in which undesirable behaviors occur to better understand their 
function. 

PREVENTION
An effective conduct problem prevention program was Fast Track, a 
multicomponent school-based intervention comprising a classroom 
curriculum targeted at conflict resolution and interpersonal skills, parent 
training, and interventions targeted at the school environment. Imple-
mented in grades 1 through 10, former program participants at age 25 
had a lower prevalence of any externalizing, internalizing, or substance 

Table 42.1    � DSM-5 Diagnostic Criteria for Oppositional 
Defiant Disorder

	A.	�A pattern of angry/irritable mood, argumentative/defiant behavior, 
or vindictiveness lasting at least 6 mo as evidenced by at least four 
symptoms from any of the following categories, and exhibited  
during interaction with at least one individual who is not a sibling:

ANGRY/IRRITABLE MOOD
	 1.	� Often loses temper.
	 2.	� Is often touchy or easily annoyed.
	 3.	� Is often angry and resentful.

ARGUMENTATIVE/DEFIANT BEHAVIOR
	 4.	� Often argues with authority figures or, for children and  

adolescents, with adults.
	 5.	� Often actively defies or refuses to comply with requests from 

authority figures or with rules.
	 6.	� Often deliberately annoys others.
	 7.	� Often blames others for his or her mistakes or misbehavior.

VINDICTIVENESS
	 8.	� Has been spiteful or vindictive at least twice within the past 6 

mo.

Note: The persistence and frequency of these behaviors should be 
used to distinguish a behavior that is within normal limits from a 
behavior that is symptomatic. For children younger than 5 yr, the 
behavior should occur on most days for a period of at least 6 mo 
unless otherwise noted (Criterion A8). For individuals 5 yr or older, 
the behavior should occur at least once per week for at least 6 mo, 
unless otherwise noted (Criterion A8). Although these frequency 
criteria provide guidance on a minimal level of frequency to define 
symptoms, other factors should be considered, such as whether 
the frequency and intensity of the behaviors are outside a range 
that is normative for the individual’s developmental level, gender, 
and culture.

	B.	� The disturbance in behavior is associated with distress in the 
individual or others in his or her immediate social context (e.g., 
family, peer group, work colleagues), or it impacts negatively on 
social, educational, occupational, or other important areas of 
functioning.

	C.	�The behaviors do not occur exclusively during the course of a  
psychotic, substance use, depressive, or bipolar disorder. Also, the 
criteria are not met for disruptive mood dysregulation disorder.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp. 462–463. 
Copyright 2013. American Psychiatric Association.

Table 42.2    � DSM-5 Diagnostic Criteria for Intermittent 
Explosive Disorder

	A.	�Recurrent behavioral outbursts representing a failure to control 
aggressive impulses as manifested by either of the following:

	 1.	� Verbal aggression (e.g., temper tantrums, tirades, verbal  
arguments or fights) or physical aggression toward property, 
animals, or other individuals, occurring twice weekly, on  
average, for a period of 3 mo. The physical aggression does 
not result in damage or destruction of property and does not 
result in physical injury to animals or other individuals.

	 2.	� Three behavioral outbursts involving damage or destruction 
of property and/or physical assault involving physical injury 
against animals or other individuals occurring with a 12 mo 
period.

	B.	� The magnitude of aggressiveness expressed during the recurrent 
outbursts is grossly out of proportion to the provocation or to any 
precipitating psychosocial stressors.

	C.	�The recurrent aggressive outbursts are not premeditated (i.e., 
they are impulsive and/or anger-based) and are not committed to 
achieve some tangible objective (e.g., money, power,  
intimidation).

	D.	�The recurrent aggressive outbursts cause either marked distress 
in the individual or impairment in occupational or interpersonal 
functioning, or as associated with financial or legal consequences.

	E.	� Chronologic age is at least 6 yr (or equivalent developmental 
level).

	F.	� The recurrent aggressive outbursts are not better explained by 
another mental disorder (e.g., major depressive disorder, bipolar 
disorder, disruptive mood dysregulation disorder, a psychotic  
disorder, antisocial personality disorder, borderline personality 
disorder) and are not attributable to another medical condition 
(e.g., head trauma, Alzheimer disease) or to the physiologic  
effects of a substance (e.g., a drug of abuse, a medication). For 
children ages 6-18 yr, aggressive behavior that occurs as part of 
an adjustment disorder should not be considered for this diagnosis.

Note: This diagnosis can be made in addition to the diagnosis of 
attention-deficit/hyperactivity disorder, conduct disorder, oppositional 
defiant disorder, or autism spectrum disorder when recurrent  
impulsive aggressive outbursts are in excess of those usually  
seen in these disorders and warrant clinical attention.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p. 466. 
Copyright 2013. American Psychiatric Association.
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A 15-year-old has recurrent impulsive aggressive outbursts grossly disproportionate to minor
provocations. The attacks are not premeditated and occur without an external reward. Which
diagnosis best fits?

A. Intermittent explosive disorder

B. Conduct disorder

C. Tourette disorder

D. Cyclothymia

E. Social anxiety disorder
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delinquency and criminality, legal problems, substance use, unplanned 
pregnancy, social instability, marital failure, and academic and occupa-
tional underachievement. 

ETIOLOGY AND RISK FACTORS
At the individual level, a number of neurobiologic markers (lower heart 
rate and skin conductance reactivity, reduced basal cortisol reactivity, 
abnormalities in the prefrontal cortex and amygdala, serotonergic abnor-
malities) have been variously associated with aggressive behavior disor-
ders. Other biologic risk factors include pre-, peri-, and postnatal insults; 
cognitive and linguistic impairment, particularly language-based learning 
deficits; difficult temperamental characteristics, particularly negative affec-
tivity, emotional reactivity, poor frustration tolerance, and impulsivity; cer-
tain personality characteristics (novelty seeking, reduced harm avoidance, 
and reward dependence); and certain cognitive characteristics (cognitive 
rigidity, hostile attributions for ambiguous social cues).

At the family level, a consistently demonstrated risk factor is ineffective 
parenting. Parents of behaviorally disordered children are more inconsis-
tent in their use of rules, issue more and unclear commands, are more likely 
to respond to their child based on their own mood rather than the child’s 
behavior, are more likely to utilize a harsh or neglectful parenting style, are 
less likely to monitor their children’s whereabouts, and are relatively unre-
sponsive to their children’s prosocial behavior. Complicating this asso-
ciation is the consistent finding that temperamentally difficult children 

are more likely to elicit negative parenting responses, including physical 
punishment, which can exacerbate anger and oppositionality in the child. 
Other important family-level influences include impaired parent–child 
attachment, child maltreatment (physical and sexual abuse, neglect), expo-
sure to marital conflict and domestic violence, family poverty and crime, 
frequent changes in caregivers, and family genetic liability (family history 
of the disorders in this class along with substance use, depressive, bipolar, 
schizophrenic, somatization, and personality disorders, as well as ADHD, 
have all been shown to be associated with the development of behavior 
disorders).

Peer-level influence on the development of behavior problems includes 
peer rejection in childhood and antisocial peer groups. Neighborhood 
influences include social processes such as collective efficacy, social con-
trol, and exposure to violence. Culturally, it is helpful to consider the 
context in which undesirable behaviors occur to better understand their 
function. 

PREVENTION
An effective conduct problem prevention program was Fast Track, a 
multicomponent school-based intervention comprising a classroom 
curriculum targeted at conflict resolution and interpersonal skills, parent 
training, and interventions targeted at the school environment. Imple-
mented in grades 1 through 10, former program participants at age 25 
had a lower prevalence of any externalizing, internalizing, or substance 

Table 42.1    � DSM-5 Diagnostic Criteria for Oppositional 
Defiant Disorder

	A.	�A pattern of angry/irritable mood, argumentative/defiant behavior, 
or vindictiveness lasting at least 6 mo as evidenced by at least four 
symptoms from any of the following categories, and exhibited  
during interaction with at least one individual who is not a sibling:

ANGRY/IRRITABLE MOOD
	 1.	� Often loses temper.
	 2.	� Is often touchy or easily annoyed.
	 3.	� Is often angry and resentful.

ARGUMENTATIVE/DEFIANT BEHAVIOR
	 4.	� Often argues with authority figures or, for children and  

adolescents, with adults.
	 5.	� Often actively defies or refuses to comply with requests from 

authority figures or with rules.
	 6.	� Often deliberately annoys others.
	 7.	� Often blames others for his or her mistakes or misbehavior.

VINDICTIVENESS
	 8.	� Has been spiteful or vindictive at least twice within the past 6 

mo.

Note: The persistence and frequency of these behaviors should be 
used to distinguish a behavior that is within normal limits from a 
behavior that is symptomatic. For children younger than 5 yr, the 
behavior should occur on most days for a period of at least 6 mo 
unless otherwise noted (Criterion A8). For individuals 5 yr or older, 
the behavior should occur at least once per week for at least 6 mo, 
unless otherwise noted (Criterion A8). Although these frequency 
criteria provide guidance on a minimal level of frequency to define 
symptoms, other factors should be considered, such as whether 
the frequency and intensity of the behaviors are outside a range 
that is normative for the individual’s developmental level, gender, 
and culture.

	B.	� The disturbance in behavior is associated with distress in the 
individual or others in his or her immediate social context (e.g., 
family, peer group, work colleagues), or it impacts negatively on 
social, educational, occupational, or other important areas of 
functioning.

	C.	�The behaviors do not occur exclusively during the course of a  
psychotic, substance use, depressive, or bipolar disorder. Also, the 
criteria are not met for disruptive mood dysregulation disorder.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp. 462–463. 
Copyright 2013. American Psychiatric Association.

Table 42.2    � DSM-5 Diagnostic Criteria for Intermittent 
Explosive Disorder

	A.	�Recurrent behavioral outbursts representing a failure to control 
aggressive impulses as manifested by either of the following:

	 1.	� Verbal aggression (e.g., temper tantrums, tirades, verbal  
arguments or fights) or physical aggression toward property, 
animals, or other individuals, occurring twice weekly, on  
average, for a period of 3 mo. The physical aggression does 
not result in damage or destruction of property and does not 
result in physical injury to animals or other individuals.

	 2.	� Three behavioral outbursts involving damage or destruction 
of property and/or physical assault involving physical injury 
against animals or other individuals occurring with a 12 mo 
period.

	B.	� The magnitude of aggressiveness expressed during the recurrent 
outbursts is grossly out of proportion to the provocation or to any 
precipitating psychosocial stressors.

	C.	�The recurrent aggressive outbursts are not premeditated (i.e., 
they are impulsive and/or anger-based) and are not committed to 
achieve some tangible objective (e.g., money, power,  
intimidation).

	D.	�The recurrent aggressive outbursts cause either marked distress 
in the individual or impairment in occupational or interpersonal 
functioning, or as associated with financial or legal consequences.

	E.	� Chronologic age is at least 6 yr (or equivalent developmental 
level).

	F.	� The recurrent aggressive outbursts are not better explained by 
another mental disorder (e.g., major depressive disorder, bipolar 
disorder, disruptive mood dysregulation disorder, a psychotic  
disorder, antisocial personality disorder, borderline personality 
disorder) and are not attributable to another medical condition 
(e.g., head trauma, Alzheimer disease) or to the physiologic  
effects of a substance (e.g., a drug of abuse, a medication). For 
children ages 6-18 yr, aggressive behavior that occurs as part of 
an adjustment disorder should not be considered for this diagnosis.

Note: This diagnosis can be made in addition to the diagnosis of 
attention-deficit/hyperactivity disorder, conduct disorder, oppositional 
defiant disorder, or autism spectrum disorder when recurrent  
impulsive aggressive outbursts are in excess of those usually  
seen in these disorders and warrant clinical attention.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p. 466. 
Copyright 2013. American Psychiatric Association.
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A 14-year-old repeatedly steals while confronting victims, threatens classmates, and has been
cruel to animals over the past year. Which diagnosis is most consistent?

A. Oppositional defiant disorder

B. Intermittent explosive disorder

C. Conduct disorder

D. Panic disorder

E. Specific phobia
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abuse problem than program nonparticipants. Program participants also 
had lower violent and drug crime conviction scores, lower risky sexual 
behavior scores, and higher well-being scores. Another useful prevention 
program, the Seattle Social Development Project, was also a multicompo-
nent school-based intervention with teacher, parent, and student compo-
nents targeting classroom management, interpersonal problem solving, 
child behavior management, and academic support skills. Implemented 
in grades 1 through 6, outcomes at age 19 years demonstrated that the 
intervention decreased lifetime drug use and delinquency for participant 
males compared with males in comparator communities but had no sig-
nificant effects on females. 

SCREENING/CASE FINDING
The parents of children presenting in the primary care setting should 
be queried about angry mood or aggressive, defiant, or antisocial 
behavior as part of the routine clinical interview. A typical screen-
ing question would be, “Does [name] have a lot of trouble controlling 
[his/her] anger or behavior?” A number of standardized broad-band 
screening instruments widely used in the primary care setting (e.g., 
Pediatric Symptom Checklist, Strengths and Difficulties Questionnaire) 
have items specific to angry mood and aggressive behavior, and as such 
can also be used to identify problems in this domain. 

EARLY INTERVENTION
Youth (and/or their parents) presenting in the primary care setting who 
self-report or respond affirmatively to queries about difficulties manag-
ing angry mood or aggressive or antisocial behavior should be afforded 
the opportunity to talk about the situation with the pediatric practitio-
ner (separately with older youth as indicated). By engaging in active 
listening (e.g., “I hear how you have been feeling. Tell me more about 
what happened to make you feel that way”), the pediatric practitioner 
can establish therapeutic rapport and begin to assess the onset, duration, 
context, severity, and complexity of the symptoms, and associated dan-
gerousness, distress, and functional impairment. In the absence of acute 
dangerousness (e.g., homicidality, assaultiveness, psychosis, substance 
abuse) and significant distress or functional impairment, the pediatric 
practitioner can schedule a follow-up appointment within a few weeks 
to conduct a behavior assessment. At this follow-up visit, to assist with 
decision-making about appropriate level of care, a focused symptom 
rating scale can be administered (Table 42.4) and additional risk factors 
explored (e.g., see the previous section on “Etiology and Risk Factors”).

For mild symptoms (manageable by the parent and not function-
ally impairing) and in the absence of major risk factors, guided self-help 
(anticipatory guidance) and monitoring with a scheduled follow-up may 
suffice. Guided self-help can include provision of educational materials 
(pamphlets, books, videos, workbooks, internet sites) that provide infor-
mation to the youth about dealing with anger-provoking situations, and 
advice to parents about strengthening the parent–child relationship, effec-
tive parenting strategies, and the effects of adverse environmental expo-
sures on the development of behavior problems. In a Cochrane review, 
media-based parenting interventions had a moderate positive effect on 
child behavior problems, either alone or as an adjunct to medication. An 
example of a self-help program for parents is the Positive Parenting Pro-
gram (Triple P; http://www.triplep-parenting.com), online version, in 
which parents can purchase 6-8 modules of instruction addressing tech-
niques for positive parenting and strategies for encouraging good behavior, 
teaching new emotional and behavioral skills, and managing misbehavior 
with youth from toddlers to teens (see Chapter 20).

If a mental health clinician has been co-located or integrated into the 
primary care setting, all parents of young children (universal prevention), 
as well as the parents of youth with mild behavior problems (indicated 
prevention), could be provided with a brief version of behavioral parent 
training. For example, Incredible Years (http://www.incredibleyears.com) 
has a 4-8 session universal prevention version to help parents promote 
their 2–6-year-old children’s emotional regulation, social competence, 
problem solving, and reading readiness. A randomized trial in pediatric 
practices found that Incredible Years significantly improved parenting 
practices and 2–4-year-olds’ disruptive behaviors compared to a wait-list 
control. Incredible Years’ positive effects on parenting and child behavior 
have been found for populations diverse in race, cultural background, 
and socioeconomic status. Similarly, the Triple P program has seminar 
(three, 90 minute sessions), brief (15-30 min consultations), and primary 
care (four, 20-30 minute consultations) versions for the parents of youth 
from birth to the teenage years, specifically designed for implementation 
in the primary care setting. The Triple P interventions, supported by an 
extensive evidence base, focus on strengthening the parent–child relation-
ship, identifying and monitoring the frequency of a problem behavior, and 
implementing and reviewing the effects of a targeted behavior plan. Meta-
analyses have found that gains from Triple P are maintained over time. 

TREATMENT
For youth who continue to have mild to moderate behavior problems after 
several weeks of guided self-help or a brief course of behavioral parent 
training, or who from the outset exhibit moderate to severe symptoms, or 
who have a history of maltreatment or severe family dysfunction or psy-
chopathology, assessment and treatment in the specialty mental health set-
ting by a child-trained mental health clinician should be provided.

The youth’s problem behavior may predominantly occur at home, at 
school, with peers, or in the community, or it may be pervasive. If possible, 
interventions need to address each context specifically, rather than assum-
ing generalizability of treatment. Thus, for behaviors mostly manifested 
in the home setting, behavioral parent training would be the treatment of 

Table 42.3    � DSM-5 Diagnostic Criteria for Conduct  
Disorder

	A.	�A repetitive and persistent pattern of behavior in which the basic 
rights of others or major age-appropriate societal norms or rules 
are violated, as manifested by the presence of at least 3 of the 
following 15 criteria in the past 12 mo from any of the following 
categories, with at least one criterion present in the past 6 mo:

AGGRESSION TO PEOPLE AND ANIMALS
	 1.	� Often bullies, threatens, or intimidates others.
	 2.	� Often initiates physical fights.
	 3.	� Has used a weapon that can cause serious physical harm to 

others (e.g., a bat, brick, broken bottle, knife, gun).
	 4.	� Has been physically cruel to people.
	 5.	� Has been physically cruel to animals.
	 6.	� Has stolen while confronting a victim (e.g., mugging, purse 

snatching, extortion, armed robbery).
	 7.	� Has forced someone into sexual activity.

DESTRUCTION OF PROPERTY
	 8.	� Has deliberately engaged in fire setting with the intention of 

causing serious damage.
	 9.	� Has deliberately destroyed others’ property (other than by fire 

setting).

DECEITFULNESS OR THEFT
	 10.	� Has broken into someone else’s house, building, or car.
	 11.	� Often lies to obtain good or favors or to avoid obligations 

(i.e., “cons” others).
	 12.	� Has stolen items of nontrivial value without confronting a 

victim (e.g., shoplifting, but without breaking and entering; 
forgery).

SERIOUS VIOLATIONS OF RULES
	 13.	� Often stays out at night despite parental prohibitions,  

beginning before age 13 yr.
	 14.	� Has run away from home overnight at least twice while living 

in the parental or parental surrogate home, or once without 
returning for a lengthy period.

	 15.	� Is often truant from school, beginning before age 13 yr.

	B.	� The disturbance in behavior causes clinically significant impairment 
in social, academic, or occupational functioning.

	C.	�If the individual is age 18 yr or older, criteria are not met for  
antisocial personality disorder.
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A 16-year-old develops delusions and disorganized speech for 9 days after an otherwise
healthy baseline, then fully returns to usual functioning. Medical and substance causes are
excluded. Which psychotic disorder is most consistent?

A. Schizophrenia

B. Schizophreniform disorder

C. Brief psychotic disorder

D. Delirium

E. Persistent delusional disorder
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Chapter 47

Childhood Psychoses
Jennifer A. Zaspel and Rosa K. Kim

Table 47.1    � DSM-5 Diagnostic Criteria for Brief Psychotic 
Disorder

	A.	�Presence of one (or more) of the following symptoms. At least one 
of these must be (1), (2), or (3):

	 1.	� Delusions
	 2.	� Hallucinations
	 3.	� Disorganized speech (e.g., frequent derailment or incoherence)
	 4.	� Grossly disorganized or catatonic behavior
Note: Do not include a symptom if it is a culturally sanctioned 

response.
	B.	� Duration of an episode of the disturbance is at least 1 day but less 

than 1 mo, with eventual full return to premorbid level of functioning.
	C.	�The disturbance is not better explained by major depressive or 

bipolar disorder with psychotic features or another psychotic  
disorder such as schizophrenia or catatonia, and is not attributable 
to the physiologic effects of a substance (e.g., a drug of abuse, a 
medication) or another medical condition.

Specify if:
With marked stressor(s) (brief reactive psychosis): If symptoms occur 

in response to events that, singly or together, would be markedly 
stressful to almost anyone in similar circumstances in the  
individual’s culture.

Without marked stressor(s): If the symptoms do not occur in 
response to events that, singly or together, would be markedly 
stressful to almost anyone in similar circumstances in the  
individual’s culture.

With postpartum onset: If onset is during pregnancy or within 4 wk 
postpartum.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p 94. Copyright 
2013. American Psychiatric Association.

Psychosis is a severe disruption of thought, perception, and behav-
ior resulting in loss of reality testing. Psychosis can occur as part 
of a mood disorder, such as major depressive disorder or bipolar 
I disorder; between mood disorder episodes, as in schizoaffective 
disorder; or without mood disorder episodes, as in schizophrenia. 
Transient psychotic episodes can arise during times of psychologic 
or physiologic stress in patients who are vulnerable because of per-
sonality, developmental, or genetic disorders. Positive symptoms, 
including delusions, hallucinations, disorganized thinking, and 
grossly disorganized behavior, are key features that define psy-
choses across disorders, likely because of shared pathophysiologic 
mechanisms. Negative symptoms, on the other hand, are most 
typical of schizophrenia.

Delusions are fixed, unchangeable, false beliefs held despite con-
flicting evidence. They may include a variety of themes, including 
persecutory, referential (the belief that irrelevant events or details 
in the world are related directly to oneself), somatic, religious, 
and grandiose. Delusions are considered bizarre if they are clearly 
implausible. Hallucinations are vivid, clear, perceptual distur-
bances that occur without external stimulus and have the full force 
and impact of normal perceptions. They may occur in any sensory 
modality; auditory hallucinations are the most common associated 
with psychosis. Disorganized thinking is inferred from an indi-
vidual’s speech by examining their thought process and thought 
content and is typically severe enough to impair one’s ability to 
communicate. Grossly disorganized behavior may range from 
childlike silliness to unpredictable agitation to catatonic behavior. 
Negative symptoms include diminished emotional expression, avo-
lition (decreased drive to perform purposeful tasks), alogia (lack 
of speech), anhedonia, and social withdrawal. Negative symptoms 
account for a substantial portion of the long-term morbidity associ-
ated with schizophrenia.

Given the centrality of hallucinations and delusions in making a 
diagnosis of a psychotic illness, their differentiation from developmen-
tally normal fantasy is essential. When children are imagining, they 
control the fantasy and do not have the perceptual experience of see-
ing and hearing. When children are hallucinating, they do not control 
the hallucination. Almost two thirds of children will endorse at least 
one psychotic-like experience, most often a hallucination. When not 
persistent or accompanied by distress, these experiences are not usu-
ally a cause for concern. The largest population-based study to date 
evaluating psychotic symptoms and neurocognition in youth 11-21 
years old found that those who endorsed more psychotic-like experi-
ences than is typical for their age had reduced accuracy across neuro-
cognitive domains, reduced global functioning, and increased risk of 
depression, anxiety, behavioral disorders, substance use, and suicidal 
ideation. Thus psychotic-like symptoms that are frequent, distressing, 
and cause impairment signal a need for further evaluation and moni-
toring; however, only a small minority of these children will develop 
persisting psychotic illnesses.

47.1  Schizophrenia Spectrum Disorders
Jennifer A. Zaspel and Rosa K. Kim

Schizophrenia spectrum and other psychotic disorders as described 
in the Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5) include brief psychotic disorder, schizophreni-
form disorder, schizophrenia, schizoaffective disorder, substance/

medication-induced psychotic disorder, psychotic disorder caused 
by another medical condition, catatonia associated with another 
mental disorder, catatonic disorder due to another medical condi-
tion, unspecified catatonia, delusional disorder, schizotypal personal-
ity disorder, and other specified/unspecified schizophrenia spectrum 
and other psychotic disorders.

DESCRIPTION
The schizophrenia spectrum and other psychotic disorders are pri-
marily characterized by the presence of symptoms of psychosis, spe-
cifically delusions, hallucinations, disorganized speech, or grossly 
disorganized or catatonic behavior, and negative symptoms. Brief 
psychotic disorder is characterized by the duration of one or more 
of these symptoms for at least 1 day but less than 1 month followed 
by complete resolution. Emergence of symptoms may or may not 
be preceded by an identifiable stressor (Table 47.1). Although brief, 
the level of impairment in this disorder may be severe enough that 
supervision is required to ensure that basic needs are met and that 
the individual is protected from the consequences of poor judgment 
and cognitive impairment.

If two or more psychotic symptoms persist for between 1 and 6 
months, the condition is called schizophreniform disorder (Table 
47.2). To meet DSM-5 criteria for schizophrenia, two or more psy-
chotic symptoms must have been present for a significant portion 
of time for at least 1 month (unless suppressed by treatment), and 
the level of psychosocial functioning must either be markedly below 
the level achieved before the onset or there is failure to achieve the 
expected level of functioning. In addition, there must be continuous 
signs of the disturbance for at least 6 months (Table 47.3).

Individuals with schizophrenia can display inappropriate affect, 
dysphoric mood, disturbed sleep patterns, and lack of interest in 
eating, or food refusal. Depersonalization, derealization, somatic 
concerns, and anxiety and phobias are common. Cognitive deficits 
are observed, including decrements in declarative memory, work-
ing memory, language function, and other executive functions, as 
well as slower processing speed. These individuals may have no 
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An adolescent has delusions, auditory hallucinations, and disorganized speech for 10 weeks
with no substance exposure or mood syndrome. Which duration-defined diagnosis currently
fits?

A. Brief psychotic disorder

B. Schizophreniform disorder

C. Schizophrenia

D. Delirium

E. Acute stress disorder
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insight or awareness of their disorder, which is a predictor of non-
adherence to treatment, higher relapse rates, and poorer progno-
sis. Hostility and aggression can be associated with schizophrenia, 
although spontaneous or random assault is uncommon. Aggression 
is more frequent for younger males and for individuals with a his-
tory of violence, nonadherence with treatment, substance abuse, 
and impulsivity.

The essential features of schizophrenia are the same in childhood 
as in adulthood, but it is more difficult to make the diagnosis. In chil-
dren, delusions and hallucinations may be less elaborate, visual hal-
lucinations may be more common, and disorganized speech may be 
better attributed to an autism spectrum or communication disorder. 
In youth with schizophrenia, the most frequent psychotic symptoms 
are auditory hallucinations (82%), delusions (78%), thought disorder 
(66%), disorganized or bizarre behavior (53%), and negative symp-
toms (50%). Childhood-onset schizophrenia tends to represent a more 
severe form of the disorder spectrum, with more genetic risk factors, 
more brain abnormalities, and more prominent prepsychotic develop-
mental disorders. 

EPIDEMIOLOGY
Brief psychotic disorder is reported to account for 9% of first-onset 
psychosis in the United States and is more common in females than 
males. The incidence of schizophreniform disorders in the United 
States appears as much as fivefold less than that of schizophrenia. 
The lifetime prevalence of schizophrenia is approximately 0.3–0.7%, 
although variations are reported by race/ethnicity, across coun-
tries, and by geographic origin for immigrants. The male-to-female 
ratio is approximately 1.4:1. Males generally have poorer premor-
bid adjustment, lower educational achievement, more prominent 
negative symptoms, and more cognitive impairment than females. 

Childhood (preadolescent)-onset is exceedingly rare, with an inci-
dence of less than 0.04%, and 2:1 ratio in males versus females. 

CLINICAL COURSE
Brief psychotic disorder most often appears in adolescence or early 
adulthood, with the average age of onset in the mid-30s but can 
occur throughout the life span. A diagnosis of brief psychotic dis-
order requires full remission within 1 month of onset and gradual 
return to premorbid level of function. The age of onset of schizo-
phreniform disorder is similar to that of schizophrenia. Recov-
ery from an episode of the disorder is within 6 months; however, 
about 65% of patients relapse and eventually receive a diagnosis of 
schizophrenia or schizoaffective disorder. Abrupt onset, confusion, 
absence of blunted affect, and good premorbid functioning predict 
a better outcome in schizophreniform disorder.

Schizophrenia typically develops between the late teens and the 
mid-30s; onset before adolescence is rare. The peak age at onset for 
the first psychotic episode is in the early to mid-20s for males and 
in the late 20s for females. The onset may be abrupt or insidious, 
but most individuals manifest a slow and gradual development of 
symptoms, with about 50% of individuals complaining of depres-
sive symptoms. The predictors of course and outcome are largely 
unexplained. The course is favorable in approximately 20% of 
cases; a small number of individuals are reported to recover com-
pletely. However, many remain chronically ill, with exacerbations 
and remissions of active symptoms, whereas others experience 

Table 47.2    � DSM-5 Diagnostic Criteria for Schizophreniform 
Disorder

	A.	�Two (or more) of the following, each present for a significant portion 
of time during a 1 mo period (or less if successfully treated). At least 
one of these must be (1), (2), or (3):

	 1.	� Delusions
	 2.	� Hallucinations
	 3.	� Disorganized speech (e.g., frequent derailment or  

incoherence)
	 4.	� Grossly disorganized or catatonic behavior
	 5.	� Negative symptoms (i.e., diminished emotional expression or 

avolition)
	B.	� An episode of the disorder lasts at least 1 mo but less than 6 mo. 

When the diagnosis must be made without waiting for recovery, it 
should qualified as “provisional.”

	C.	�Schizoaffective disorder and depressive or bipolar disorder with 
psychotic features have been ruled out because either (1) no 
major depressive or manic episodes have occurred concurrently 
with the active-phase symptoms or (2) if mood episodes have  
occurred during active-phase symptoms, they have been present 
for a minority of the total duration of the active and residual 
periods of the illness.

	D.	�The disturbance is not attributable to the physiologic effects of a 
substance (e.g., a drug of abuse, a medication) or another  
medical condition.

Specify if:
With good prognostic features: This specifier requires the presence 

of at least two of the following features: onset of prominent 
psychotic symptoms within 4 wk of the first noticeable change 
in usual behavior or functioning; confusion or perplexity; good 
premorbid social and occupational functioning; and absence of 
blunted or flat affect.

Without good prognostic features: This specifier is applied if two or 
more of the previous features have not been present.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 96–97. 
Copyright 2013. American Psychiatric Association.

Table 47.3    � DSM-5 Diagnostic Criteria for Schizophrenia

	A.	�Two (or more) of the following, each present for a significant portion 
of time during a 1 mo period (or less if successfully treated). At least 
one of these must be (1), (2), or (3):

	 1.	� Delusions
	 2.	� Hallucinations
	 3.	� Disorganized speech (e.g., frequent derailment or  

incoherence)
	 4.	� Grossly disorganized or catatonic behavior
	 5.	� Negative symptoms (i.e., diminished emotional expression or 

avolition)
	B.	� For a significant portion of the time since the onset of the  

disturbance, level of functioning in one or more major areas, such 
as work, interpersonal relations, or self-care, is markedly below 
the level achieved before the onset (or when the onset is in  
childhood or adolescence, there is failure to achieve expected 
level of interpersonal, academic, or occupational functioning).

	C.	�Continuous signs of the disturbance persist for at least 6 mo. 
This 6 mo period must include at least 1 mo of symptoms (or less 
if successfully treated) that meet Criterion A (i.e., active-phase 
symptoms) and may include periods of prodromal or residual 
symptoms. During these prodromal or residual periods, the signs of 
the disturbance may be manifested by only negative symptoms or by 
two or more symptoms listed in Criterion A present in an attenuated 
form (e.g., odd beliefs, unusual perceptual experiences).

	D.	�Schizoaffective disorder and depressive or bipolar disorder with 
psychotic features have been ruled out because either (1) no 
major depressive or manic episodes have occurred concurrently 
with the active-phase symptoms or (2) if mood episodes have  
occurred during active-phase symptoms, they have been present 
for a minority of the total duration of the active and residual 
periods of the illness.

	E.	� The disturbance is not attributable to the physiologic effects of a 
substance (e.g., a drug of abuse, a medication) or another  
medical condition.

	F.	� If there is a history of autism spectrum disorder or a communication 
disorder of childhood onset, the additional diagnosis of 
schizophrenia is made only if prominent delusions or hallucinations, 
in addition to the other required symptoms of schizophrenia, are 
also present for at least a month (or less if successfully treated).

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 99–100. 
Copyright 2013. American Psychiatric Association.
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A 17-year-old has hallucinations, disorganized speech, and declining school and social
function for 8 months, including at least a month of prominent active symptoms. Medical and
substance causes are excluded. Which diagnosis best fits?

A. Brief psychotic disorder

B. Schizophreniform disorder

C. Schizophrenia

D. Panic disorder

E. Adjustment disorder
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insight or awareness of their disorder, which is a predictor of non-
adherence to treatment, higher relapse rates, and poorer progno-
sis. Hostility and aggression can be associated with schizophrenia, 
although spontaneous or random assault is uncommon. Aggression 
is more frequent for younger males and for individuals with a his-
tory of violence, nonadherence with treatment, substance abuse, 
and impulsivity.

The essential features of schizophrenia are the same in childhood 
as in adulthood, but it is more difficult to make the diagnosis. In chil-
dren, delusions and hallucinations may be less elaborate, visual hal-
lucinations may be more common, and disorganized speech may be 
better attributed to an autism spectrum or communication disorder. 
In youth with schizophrenia, the most frequent psychotic symptoms 
are auditory hallucinations (82%), delusions (78%), thought disorder 
(66%), disorganized or bizarre behavior (53%), and negative symp-
toms (50%). Childhood-onset schizophrenia tends to represent a more 
severe form of the disorder spectrum, with more genetic risk factors, 
more brain abnormalities, and more prominent prepsychotic develop-
mental disorders. 

EPIDEMIOLOGY
Brief psychotic disorder is reported to account for 9% of first-onset 
psychosis in the United States and is more common in females than 
males. The incidence of schizophreniform disorders in the United 
States appears as much as fivefold less than that of schizophrenia. 
The lifetime prevalence of schizophrenia is approximately 0.3–0.7%, 
although variations are reported by race/ethnicity, across coun-
tries, and by geographic origin for immigrants. The male-to-female 
ratio is approximately 1.4:1. Males generally have poorer premor-
bid adjustment, lower educational achievement, more prominent 
negative symptoms, and more cognitive impairment than females. 

Childhood (preadolescent)-onset is exceedingly rare, with an inci-
dence of less than 0.04%, and 2:1 ratio in males versus females. 

CLINICAL COURSE
Brief psychotic disorder most often appears in adolescence or early 
adulthood, with the average age of onset in the mid-30s but can 
occur throughout the life span. A diagnosis of brief psychotic dis-
order requires full remission within 1 month of onset and gradual 
return to premorbid level of function. The age of onset of schizo-
phreniform disorder is similar to that of schizophrenia. Recov-
ery from an episode of the disorder is within 6 months; however, 
about 65% of patients relapse and eventually receive a diagnosis of 
schizophrenia or schizoaffective disorder. Abrupt onset, confusion, 
absence of blunted affect, and good premorbid functioning predict 
a better outcome in schizophreniform disorder.

Schizophrenia typically develops between the late teens and the 
mid-30s; onset before adolescence is rare. The peak age at onset for 
the first psychotic episode is in the early to mid-20s for males and 
in the late 20s for females. The onset may be abrupt or insidious, 
but most individuals manifest a slow and gradual development of 
symptoms, with about 50% of individuals complaining of depres-
sive symptoms. The predictors of course and outcome are largely 
unexplained. The course is favorable in approximately 20% of 
cases; a small number of individuals are reported to recover com-
pletely. However, many remain chronically ill, with exacerbations 
and remissions of active symptoms, whereas others experience 

Table 47.2    � DSM-5 Diagnostic Criteria for Schizophreniform 
Disorder

	A.	�Two (or more) of the following, each present for a significant portion 
of time during a 1 mo period (or less if successfully treated). At least 
one of these must be (1), (2), or (3):

	 1.	� Delusions
	 2.	� Hallucinations
	 3.	� Disorganized speech (e.g., frequent derailment or  

incoherence)
	 4.	� Grossly disorganized or catatonic behavior
	 5.	� Negative symptoms (i.e., diminished emotional expression or 

avolition)
	B.	� An episode of the disorder lasts at least 1 mo but less than 6 mo. 

When the diagnosis must be made without waiting for recovery, it 
should qualified as “provisional.”

	C.	�Schizoaffective disorder and depressive or bipolar disorder with 
psychotic features have been ruled out because either (1) no 
major depressive or manic episodes have occurred concurrently 
with the active-phase symptoms or (2) if mood episodes have  
occurred during active-phase symptoms, they have been present 
for a minority of the total duration of the active and residual 
periods of the illness.

	D.	�The disturbance is not attributable to the physiologic effects of a 
substance (e.g., a drug of abuse, a medication) or another  
medical condition.

Specify if:
With good prognostic features: This specifier requires the presence 

of at least two of the following features: onset of prominent 
psychotic symptoms within 4 wk of the first noticeable change 
in usual behavior or functioning; confusion or perplexity; good 
premorbid social and occupational functioning; and absence of 
blunted or flat affect.

Without good prognostic features: This specifier is applied if two or 
more of the previous features have not been present.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 96–97. 
Copyright 2013. American Psychiatric Association.

Table 47.3    � DSM-5 Diagnostic Criteria for Schizophrenia

	A.	�Two (or more) of the following, each present for a significant portion 
of time during a 1 mo period (or less if successfully treated). At least 
one of these must be (1), (2), or (3):

	 1.	� Delusions
	 2.	� Hallucinations
	 3.	� Disorganized speech (e.g., frequent derailment or  

incoherence)
	 4.	� Grossly disorganized or catatonic behavior
	 5.	� Negative symptoms (i.e., diminished emotional expression or 

avolition)
	B.	� For a significant portion of the time since the onset of the  

disturbance, level of functioning in one or more major areas, such 
as work, interpersonal relations, or self-care, is markedly below 
the level achieved before the onset (or when the onset is in  
childhood or adolescence, there is failure to achieve expected 
level of interpersonal, academic, or occupational functioning).

	C.	�Continuous signs of the disturbance persist for at least 6 mo. 
This 6 mo period must include at least 1 mo of symptoms (or less 
if successfully treated) that meet Criterion A (i.e., active-phase 
symptoms) and may include periods of prodromal or residual 
symptoms. During these prodromal or residual periods, the signs of 
the disturbance may be manifested by only negative symptoms or by 
two or more symptoms listed in Criterion A present in an attenuated 
form (e.g., odd beliefs, unusual perceptual experiences).

	D.	�Schizoaffective disorder and depressive or bipolar disorder with 
psychotic features have been ruled out because either (1) no 
major depressive or manic episodes have occurred concurrently 
with the active-phase symptoms or (2) if mood episodes have  
occurred during active-phase symptoms, they have been present 
for a minority of the total duration of the active and residual 
periods of the illness.

	E.	� The disturbance is not attributable to the physiologic effects of a 
substance (e.g., a drug of abuse, a medication) or another  
medical condition.

	F.	� If there is a history of autism spectrum disorder or a communication 
disorder of childhood onset, the additional diagnosis of 
schizophrenia is made only if prominent delusions or hallucinations, 
in addition to the other required symptoms of schizophrenia, are 
also present for at least a month (or less if successfully treated).

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 99–100. 
Copyright 2013. American Psychiatric Association.
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A previously well adolescent develops rapidly progressive psychosis and new seizures. Which
listed secondary etiology should be specifically investigated?

A. Autoimmune encephalitis

B. Isolated academic stress

C. Habitual snoring

D. Developmental dyslexia

E. Primary nocturnal enuresis
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progressive deterioration. Most individuals diagnosed with schizo-
phrenia require some form of daily living support. Positive symp-
toms tend to diminish over time, and negative symptoms are the 
most persistent, along with cognitive deficits.

It is important to recognize hallmark phases in the assessment 
and management of schizophrenia. In the prodrome phase, most 
patients experience functional deterioration over the course of 
months (e.g., social withdrawal, idiosyncratic preoccupations, 
unusual behaviors, academic failure, deteriorating self-care skills, 
and/or dysphoria) before the onset of overt psychotic symptoms. 
The acute phase is characterized by prominent positive symp-
toms and deterioration in functioning and is the phase in which 
most patients present for care. During the recovery phase, nega-
tive symptoms and disorganization may persist as active psychosis 
remits. The residual phase has minimal to no positive symptoms, 
although negative symptoms may cause continued impairment. 
Some patients will experience chronic impairment despite ade-
quate treatment. 

DIFFERENTIAL DIAGNOSIS
The differential diagnosis for the psychotic disorders is broad and 
includes reactions to substances/medications (dextromethorphan, 
LSD, hallucinogenic mushrooms, psilocybin, peyote, cannabis, 
stimulants, inhalants, corticosteroids, anesthetics, anticholiner-
gics, antihistamines, amphetamines); medical conditions causing 
psychotic-like symptoms (Table 47.4; see Table 32.4); and other psy-
chiatric disorders (depressive, bipolar, obsessive-compulsive, facti-
tious, body dysmorphic, posttraumatic stress, autism spectrum, 

communication, personality). The differential diagnosis can be dif-
ficult because many conditions that can be mistaken for psychosis 
also increase the risk for it.

There are many indications that suggest psychotic symptoms may 
be related to a physical illness rather than a primarily psychiatric ill-
ness (Table 47.5). When psychotic symptoms are caused by identifi-
able medical conditions, there are often impairments in attention, 
orientation, recent memory, and intellectual function. Hallucina-
tions associated with medical illness are more often tactile or visual, 
whereas auditory hallucinations are more common in primary psy-
chotic disorders. Patients whose hallucinations are caused by medi-
cal illness are more likely to recognize that they do represent reality. 
A positive family or prior personal history of psychosis or other 
serious psychiatric illnesses is less likely to be present.

Autoimmune encephalitis caused by anti–N-methyl-d-aspartate 
(NMDA) receptor or other autoantibodies may manifest with 
psychosis, anxiety, depression, agitation, aggression, delusions, 
catatonia, visual or auditory hallucinations, disorientation, and 
paranoia in combination with sleep disturbances, autonomic dys-
function, dyskinesias, movement disorders, seizures, memory loss, 
and a depressed level of consciousness (Fig. 47.1; see Table 32.5). 
The cerebrospinal fluid (CSF) and MRI are usually, but not always, 
abnormal. The constellation of a relatively rapid onset psychosis 
and encephalitic features should suggest the diagnosis, although at 
presentation, behavioral problems may be the dominant feature (see 
Chapter 638.4; Table 47.6). A small number of patients present with 
purely psychiatric symptoms without other neurologic findings.

Determining when identifiable medical conditions are caus-
ing delirium with prominent psychotic symptoms may be difficult 

Table 47.4    � Possible Causes of Secondary Psychosis

EXAMPLES INVESTIGATIONS

Trauma Traumatic head injury CT, MRI

Autoimmune disorders Systemic lupus erythematosus, NMDA receptor  
encephalitis and others

Autoantibody titers

Cytogenetic/congenital  
disorders

Velocardiofacial syndrome, agenesis of corpus callosum Karyotyping, MRI

Toxic/substance-induced 
disorders

PCP, MDMA, LSD, cannabis, alcohol, cocaine, synthetic 
cannabinoids (bath salts)

Lead, mercury or arsenic poisoning, ginseng, St. John’s 
Wort, ma huang

Careful medication history; urine screen for drugs, 
heavy metal screen; trial off the offending agent

Iatrogenic disorders Antimalarials, steroids, isoniazid Careful medication history; trial off the offending 
agent

Cerebrovascular disorders Stroke, subdural hematomas CT, MRI

Space-occupying disorders Cerebral tumors CT, MRI

Metabolic disorders Pheochromocytoma, metachromatic leukodystrophy, 
Wilson disease, adult Tay-Sachs disease, acute 
intermittent porphyria

Urinary catecholamines; arylsulfatase-A levels,  
copper and ceruloplasmin levels

Dietary disorders Pellagra, B12 deficiency; thiamine deficiency B12, folate, thiamine levels

Sepsis/infectious disorders Neurosyphilis, toxoplasmosis, HIV disease, encephalitis RPR to rule out syphilis; HIV antibody titers;  
glucose, protein in CSF

Unknown cause/degenerative/
demyelinating disorders

Lewy body dementia, Parkinson disease, Huntington 
disease, multiple sclerosis, Friedreich ataxia

MRI, CT, EEG, evoked potentials

Seizure disorders Partial complex seizures, temporal lobe epilepsy EEG, including sleep deprivation; telemetric EEG 
as indicated

Endocrine disorders Hyperthyroidism, hypothyroidism, hyperparathyroidism Serum calcium, thyroid/parathyroid hormone levels

CSF, Cerebrospinal fluid; EEG, electroencephalography; LSD, lysergic acid diethylamide; MDMA, 3,4-methylenedioxy-N-methylamphetamine; NMDA, N-methyl-d-aspartate; PCP, 
phencyclidine; RPR, rapid plasma reagin.

Modified from Keshavan MS, Kaneko Y. Secondary psychoses: An update. World Psychiatry. 2013;12(1):4–15:Table 1, p 5.
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An adolescent with first-episode psychosis also has fluctuating consciousness, abnormal
movements, and a recent febrile illness. Which interpretation best follows the red-flag table?

A. Typical uncomplicated primary psychosis

B. Features concerning for a secondary medical etiology

C. Diagnostic evidence of conduct disorder

D. Findings that exclude encephalitis

E. Evidence of isolated social anxiety
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and is more fully explored in Chapter 48. In general, delirium is 
hallmarked by fluctuating levels of consciousness and is often asso-
ciated with abnormalities in the neurologic exam and vital signs. 
Psychosis may be present in patients with delirium, but it will be 
accompanied by clear signs and symptoms of physical illness.

The diagnosis of a psychotic disorder should be made only after 
other explanations for the observed symptoms have been thor-
oughly considered. Mistakenly diagnosing psychosis when it is not 
present can lead to inappropriate use of antipsychotics with their 
attendant risks. The persistence, frequency, and form of possible 
psychotic symptoms, as well as the degree of accompanying distress 
and functional regression, need to be considered in determining the 
likelihood of an underlying psychotic pathophysiology. 

Table 47.5    � Red Flags and Features Suggesting Secondary 
Etiologies of Psychosis

ATYPICAL FEATURES
	•	 �Normal before event
	•	 �Very early (≤13 yr) age of onset
	•	 �Acute or subacute onset (days, ≤1 mo)
	•	 �Catatonia
	•	 �Dyskinesias
	•	 �Isolated misidentification delusion (Capgras syndrome)
	•	 �Depressed level of consciousness; disorientation; somnolence
	•	 �Cognitive and recent memory decline
	•	 �Poor orientation
	•	 �Intractability despite adequate therapy
	•	 �Rapidly progressive and/or fluctuating (polymorphic) symptoms
	•	 �Multimodal hallucinations: visual, auditory, olfactory, gustatory
	•	 �Poor response to antipsychotics

HISTORY
	•	 �Infectious prodrome (fever)
	•	 �New or worsening headache; change in headache pattern
	•	 �Paresthesias
	•	 �Past, current substance misuse
	•	 �Recent onset incontinence
	•	 �Anorexia/weight loss
	•	 �Risk factors for cerebrovascular disease or central nervous system 

infections
	•	 �Malignancy
	•	 �Immunocompromised status
	•	 �Head trauma
	•	 �Seizures
	•	 �Hepatobiliary disorders
	•	 �Systemic lupus erythematosus/other autoimmune diseases
	•	 �Biologic relatives with similar medical complaints
	•	 �Aphasia, mutism, dysarthria

PHYSICAL EXAMINATION
	•	 �Autonomic hyperactivity: tachycardia, hypertension, mydriasis, 

sleep disturbance
	•	 �Incoordination, or gait difficulty; nystagmus
	•	 �Toxidrome
	•	 �Abnormal neurologic exam: upper and lower motor neuron focal 

findings
	•	 �Movement disorder
	•	 �Neuroendocrine changes

DIAGNOSTIC ABNORMALITIES
	•	 �Abnormal electroencephalogram (extreme delta brush, diffuse 

slowing)
	•	 �Abnormal cerebrospinal fluid (pleocytosis: greater than 5  

lymphocytes)
	•	 �Positive urine toxicology
	•	 �Screening laboratory tests including N-methyl-d-aspartate  

receptor and other antibodies
	•	 �Abnormal neuroimaging studies (unilateral or bilateral hippocampal/

medial temporal lobe hyperdensities: limbic encephalitis)
	•	 �Hyponatremia

Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis. 2nd ed. Elsevier, 2023: Table 31.9, p 526

0 1 2 3
Time (wk)

4 5

Paranoid thoughts, visual or auditory
hallucinations!

Headache,
low-grade fever,
nonspecific
viral-like illness
(86% of patients)

• Bizarre personality changes,
 memory problems (all patients)
• Unresponsiveness (decreased
 consciousness)
• Dyskinesia, movement disorders
• Seizures
• Autonomic instability
• Central hypoventilation
• Cardiac dysrhythmias

Symptom presentation/hospital admission
(77% psychiatric, 23% neuropsychiatric)

Prodromal symptoms

Fig. 47.1  Clinical characteristics of patients with anti–NMDA-receptor 
encephalitis. (Modified from Wandinger KP, Saschenbrecker S, Stoecker 
W, Dalmau J. Anti-NMDA-receptor encephalitis: A severe, multi-
stage, treatable disorder presenting with psychosis. J Neuroimmunol. 
2011;231:86–91. Fig 2.)

Table 47.6    � Proposed Diagnostic Criteria for Autoimmune 
Psychosis

For a diagnosis of possible autoimmune psychosis:
The patient must have current psychotic symptoms of abrupt onset 

(rapid progression of <3 months) with at least one of the following:
	 •	 �Currently or recently diagnosed with a tumor
	 •	 �Movement disorder (catatonia or dyskinesia)
	 •	 �Adverse response to antipsychotics, raising suspicion of neuroleptic 

malignant syndrome (rigidity, hyperthermia, or raised creatine kinase)
	 •	 �Severe or disproportionate cognitive dysfunction
	 •	 �A decreased level of consciousness
	 •	 �The occurrence of seizures that are not explained by a previously known 

seizure disorder
	 •	 �A clinically significant autonomic dysfunction (abnormal or unexpectedly 

fluctuant blood pressure, temperature, or heart rate)
If a patient has possible autoimmune psychosis, they should be 
investigated as per section 5 (“Consensus multimodal approach to 
the systematic investigation of patients with suspected autoimmune 
psychosis”), including electroencephalography, MRI, serum  
autoantibodies, and CSF analysis (including CSF autoantibodies). 
The results should lead to a diagnosis of non-autoimmune  
psychosis or probable/definite autoimmune psychosis.

For a diagnosis of probable autoimmune psychosis:
The patient must have current psychotic symptoms of abrupt onset 

(rapid progression of <3 mo) with at least one of the seven clinical 
criteria listed previously for possible autoimmune psychosis and at 
least one of the following:

	 •	 �CSF pleocytosis of >5 white blood cells/μL
	 •	 �Bilateral brain abnormalities on T2 weighted fluid-attenuated inversion 

recovery MRI highly restricted to the medial temporal lobes
Or two of the following:
	 •	 �Electroencephalogram encephalopathic changes (i.e., spikes, spike-

wave activity, or rhythmic slowing [intermittent rhythmic delta or theta 
activity] focal changes, or extreme delta brush

	 •	 �CSF oligoclonal bands or increased IgG index
	 •	 �The presence of a serum antineuronal antibody detected by cell-based 

assay
After exclusion of alternative diagnoses.
For a diagnosis of definite autoimmune psychosis:
The patient must meet the criteria for probable autoimmune  

psychosis with IgG class antineuronal antibodies in CSF.
Note that these criteria do not exclude a diagnosis being made in 

a patient with an acute onset (<3 mo) of psychosis, even if that 
patient has had a previous psychotic, other psychiatric, or  
encephalopathic episode that resolved.

From Pollak TA, Lennox BR, Müller S, et al. Autoimmune psychosis: an international 
consensus on an approach to the diagnosis and management of psychosis of 
suspected autoimmune origin [published correction appears in Lancet Psychiatry. 2019 
Dec;6(12):e31]. Lancet Psychiatry. 2020;7(1):93–108: Panel 1, p 100.
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A previously healthy teen develops psychosis over 3 weeks together with new seizures and
abnormal movements. Which additional diagnostic category is raised by the proposed criteria?

A. Possible autoimmune psychosis

B. Persistent tic disorder

C. Uncomplicated adjustment disorder

D. Somatic symptom disorder

E. Specific learning disorder

Original table 47.6  |  Nelson printed p. 288  |  PDF p. 334

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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and is more fully explored in Chapter 48. In general, delirium is 
hallmarked by fluctuating levels of consciousness and is often asso-
ciated with abnormalities in the neurologic exam and vital signs. 
Psychosis may be present in patients with delirium, but it will be 
accompanied by clear signs and symptoms of physical illness.

The diagnosis of a psychotic disorder should be made only after 
other explanations for the observed symptoms have been thor-
oughly considered. Mistakenly diagnosing psychosis when it is not 
present can lead to inappropriate use of antipsychotics with their 
attendant risks. The persistence, frequency, and form of possible 
psychotic symptoms, as well as the degree of accompanying distress 
and functional regression, need to be considered in determining the 
likelihood of an underlying psychotic pathophysiology. 

Table 47.5    � Red Flags and Features Suggesting Secondary 
Etiologies of Psychosis

ATYPICAL FEATURES
	•	 �Normal before event
	•	 �Very early (≤13 yr) age of onset
	•	 �Acute or subacute onset (days, ≤1 mo)
	•	 �Catatonia
	•	 �Dyskinesias
	•	 �Isolated misidentification delusion (Capgras syndrome)
	•	 �Depressed level of consciousness; disorientation; somnolence
	•	 �Cognitive and recent memory decline
	•	 �Poor orientation
	•	 �Intractability despite adequate therapy
	•	 �Rapidly progressive and/or fluctuating (polymorphic) symptoms
	•	 �Multimodal hallucinations: visual, auditory, olfactory, gustatory
	•	 �Poor response to antipsychotics

HISTORY
	•	 �Infectious prodrome (fever)
	•	 �New or worsening headache; change in headache pattern
	•	 �Paresthesias
	•	 �Past, current substance misuse
	•	 �Recent onset incontinence
	•	 �Anorexia/weight loss
	•	 �Risk factors for cerebrovascular disease or central nervous system 

infections
	•	 �Malignancy
	•	 �Immunocompromised status
	•	 �Head trauma
	•	 �Seizures
	•	 �Hepatobiliary disorders
	•	 �Systemic lupus erythematosus/other autoimmune diseases
	•	 �Biologic relatives with similar medical complaints
	•	 �Aphasia, mutism, dysarthria

PHYSICAL EXAMINATION
	•	 �Autonomic hyperactivity: tachycardia, hypertension, mydriasis, 

sleep disturbance
	•	 �Incoordination, or gait difficulty; nystagmus
	•	 �Toxidrome
	•	 �Abnormal neurologic exam: upper and lower motor neuron focal 

findings
	•	 �Movement disorder
	•	 �Neuroendocrine changes

DIAGNOSTIC ABNORMALITIES
	•	 �Abnormal electroencephalogram (extreme delta brush, diffuse 

slowing)
	•	 �Abnormal cerebrospinal fluid (pleocytosis: greater than 5  

lymphocytes)
	•	 �Positive urine toxicology
	•	 �Screening laboratory tests including N-methyl-d-aspartate  

receptor and other antibodies
	•	 �Abnormal neuroimaging studies (unilateral or bilateral hippocampal/

medial temporal lobe hyperdensities: limbic encephalitis)
	•	 �Hyponatremia

Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis. 2nd ed. Elsevier, 2023: Table 31.9, p 526

0 1 2 3
Time (wk)

4 5

Paranoid thoughts, visual or auditory
hallucinations!

Headache,
low-grade fever,
nonspecific
viral-like illness
(86% of patients)

• Bizarre personality changes,
 memory problems (all patients)
• Unresponsiveness (decreased
 consciousness)
• Dyskinesia, movement disorders
• Seizures
• Autonomic instability
• Central hypoventilation
• Cardiac dysrhythmias

Symptom presentation/hospital admission
(77% psychiatric, 23% neuropsychiatric)

Prodromal symptoms

Fig. 47.1  Clinical characteristics of patients with anti–NMDA-receptor 
encephalitis. (Modified from Wandinger KP, Saschenbrecker S, Stoecker 
W, Dalmau J. Anti-NMDA-receptor encephalitis: A severe, multi-
stage, treatable disorder presenting with psychosis. J Neuroimmunol. 
2011;231:86–91. Fig 2.)

Table 47.6    � Proposed Diagnostic Criteria for Autoimmune 
Psychosis

For a diagnosis of possible autoimmune psychosis:
The patient must have current psychotic symptoms of abrupt onset 

(rapid progression of <3 months) with at least one of the following:
	 •	 �Currently or recently diagnosed with a tumor
	 •	 �Movement disorder (catatonia or dyskinesia)
	 •	 �Adverse response to antipsychotics, raising suspicion of neuroleptic 

malignant syndrome (rigidity, hyperthermia, or raised creatine kinase)
	 •	 �Severe or disproportionate cognitive dysfunction
	 •	 �A decreased level of consciousness
	 •	 �The occurrence of seizures that are not explained by a previously known 

seizure disorder
	 •	 �A clinically significant autonomic dysfunction (abnormal or unexpectedly 

fluctuant blood pressure, temperature, or heart rate)
If a patient has possible autoimmune psychosis, they should be 
investigated as per section 5 (“Consensus multimodal approach to 
the systematic investigation of patients with suspected autoimmune 
psychosis”), including electroencephalography, MRI, serum  
autoantibodies, and CSF analysis (including CSF autoantibodies). 
The results should lead to a diagnosis of non-autoimmune  
psychosis or probable/definite autoimmune psychosis.

For a diagnosis of probable autoimmune psychosis:
The patient must have current psychotic symptoms of abrupt onset 

(rapid progression of <3 mo) with at least one of the seven clinical 
criteria listed previously for possible autoimmune psychosis and at 
least one of the following:

	 •	 �CSF pleocytosis of >5 white blood cells/μL
	 •	 �Bilateral brain abnormalities on T2 weighted fluid-attenuated inversion 

recovery MRI highly restricted to the medial temporal lobes
Or two of the following:
	 •	 �Electroencephalogram encephalopathic changes (i.e., spikes, spike-

wave activity, or rhythmic slowing [intermittent rhythmic delta or theta 
activity] focal changes, or extreme delta brush

	 •	 �CSF oligoclonal bands or increased IgG index
	 •	 �The presence of a serum antineuronal antibody detected by cell-based 

assay
After exclusion of alternative diagnoses.
For a diagnosis of definite autoimmune psychosis:
The patient must meet the criteria for probable autoimmune  

psychosis with IgG class antineuronal antibodies in CSF.
Note that these criteria do not exclude a diagnosis being made in 

a patient with an acute onset (<3 mo) of psychosis, even if that 
patient has had a previous psychotic, other psychiatric, or  
encephalopathic episode that resolved.

From Pollak TA, Lennox BR, Müller S, et al. Autoimmune psychosis: an international 
consensus on an approach to the diagnosis and management of psychosis of 
suspected autoimmune origin [published correction appears in Lancet Psychiatry. 2019 
Dec;6(12):e31]. Lancet Psychiatry. 2020;7(1):93–108: Panel 1, p 100.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 009 / 300

9



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 10 / 30

An adolescent develops hallucinations soon after starting a medication known to cause
psychotic symptoms. Symptoms are absent during periods without exposure, and there is no
delirium. Which diagnosis best fits the table?

A. Schizophrenia

B. Brief psychotic disorder

C. Substance/medication-induced psychotic disorder

D. Catatonia

E. Major depressive disorder

Original table 47.7  |  Nelson printed p. 291  |  PDF p. 337

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10
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47.2 � Non-Schizophrenia Spectrum Psychotic 
Disorders
Jennifer A. Zaspel and Rosa K. Kim

Beyond the schizophrenia spectrum of psychotic disorders, substance/
medication-induced psychotic disorder (Table 47.7) and psychotic dis-
order due to another medical condition (Table 47.8) can be seen in 
pediatric populations.

The hallmark features of substance/medication-induced psy-
chosis are delusions and hallucinations that develop within the 
context of substance exposure: typically a drug of abuse, a medica-
tion, or a toxin exposure (see Tables 47.4 and 32.4 for a brief list). 
Synthetic cannabinoids (bath salts) are a common drug producing 
psychotic effects. A substance-induced psychosis is distinguished 
from a primary psychotic disorder by examining the onset and 
course of symptoms; the onset of a primary psychosis may precede 
substance exposure and may occur during periods of sustained 
abstinence. Once they arise, psychotic symptoms may be present as 
long as substance exposure is continued. Although the prevalence 
of substance/medication-induced psychotic disorder in the general 

population is unknown, it is estimated that 7–25% of individuals 
presenting with a first episode of psychosis meet criteria for this 
diagnosis. Symptoms can be managed with antipsychotics until they 
remit, which often happens shortly after the offending substance is 
removed. Patients can develop a schizophrenia spectrum disorder 
following substance exposure, but this tends to occur in individuals 
who are at high risk for developing a primary psychotic disorder 
regardless of substance exposure.

Psychosis due to another medical condition (see Table 47.8) is 
also characterized by prominent hallucinations or delusions, but 
history, physical exam, and laboratory findings support a direct 
pathophysiologic connection between these symptoms and another 
medical condition (see Tables 32.4, 47.4, 47.5, and 47.8). Any sen-
sory modality can be affected by hallucinations. The hallucinations 
vary in complexity depending on their etiology, and their descrip-
tion may be highly suggestive of a particular diagnosis, like olfac-
tory hallucinations in temporal lobe epilepsy. Associations between 
delusions and medical conditions tend to be less specific. The list 
of medical conditions that can cause psychosis is long, and includes 
epilepsy, strokes, neoplasms, endocrine disorders, genetic syn-
dromes like velocardiofacial syndrome, autoimmune disorders, 
and the permanent sequelae of toxic exposures (see Tables 32.4 and 
47.4). Notably, delirium is excluded from psychosis due to another 
medical condition. When narrowing the differential between 
schizophrenia spectrum disorders, psychosis due to another medi-
cal condition, and any other etiology, it is important to consider the 
timeline of symptoms, the presence of features that are atypical for 
a primary psychosis, and the possibility of substance or medica-
tion exposure. Treatment of the underlying medical condition may 
or may not require adjunctive antipsychotic treatment for manage-
ment of psychosis, and the course and prognosis of the psychosis 
will likely depend on the etiology.

A notable example of psychosis due to another medical condi-
tion is psychosis associated with epilepsy. The disorder manifests 
with delusions or hallucinations associated with poor insight, and 
can be further differentiated into ictal, interictal, and postictal psy-
chosis. Ictal-induced psychosis is a form of nonconvulsive status 
epilepticus, usually a complex partial status that can last for hours 
to days and is associated with periods of impaired consciousness. 
Brief interictal psychosis can last days to weeks and is associated 
with paranoia, delusions, and auditory hallucinations. Chronic 
interictal psychosis resembles schizophrenia and manifests with 
paranoia, visual hallucinations, and catatonia. Postictal psychosis is 
the most common type (observed in 2–7% of patients with epilepsy) 
and lasts up to 1 week and then spontaneously remits. The diagnosis 
requires a strong index of suspicion and EEG monitoring. Treat-
ment requires appropriate anticonvulsant drugs and, if the psycho-
sis persists, initiating low-dose antipsychotic medication.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography..

47.3  Catatonia in Children and Adolescents
Jennifer A. Zaspel and Rosa K. Kim

Catatonia is a constellation or syndrome of psychomotor features, 
the most notable of which are decreased purposeful motor activity, 
decreased engagement in interviews and physical exams, or exces-
sive and peculiar motor activity. The most characteristic symptoms 
are waxy flexibility and bizarre poses, but these may or may not 
be present (Table 47.9). Diagnosis can be challenging, as psycho-
motor disturbances can range from unresponsiveness to agitation. 
Catatonia has been associated with a broad array of conditions 
affecting children, adolescents, and adults, including psychotic, 
affective, drug-related, autoimmune, encephalitic, and neurodevel-
opmental conditions (Table 47.10). Autoimmune encephalitis may 
be the most common etiology in childhood. In addition, catatonia 
(autism shut down syndrome) may complicate ASD (Chapter 58). 

Table 47.8    � DSM-5 Diagnostic Criteria for Psychotic  
Disorder Due to Another Medical Condition

	A.	�Prominent hallucinations or delusions.
	B.	� There is evidence from the history, physical examination, or  

laboratory findings that the disturbance is the direct  
pathophysiologic consequence of another medical condition.

	C.	�The disturbance is not better explained by another mental disorder.
	D.	�The disturbance does not occur exclusively during the course of a 

delirium.
	E.	� The disturbance causes clinically significant distress or impairment 

in social, occupational, or other important areas of functioning.
Specify whether:
With delusions: If delusions are the predominant symptom.
With hallucinations: If hallucinations are the predominant symptom.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 115–116. 
Copyright 2013. American Psychiatric Association. .

Table 47.7    � DSM-5 Diagnostic Criteria for Substance/ 
Medication Induced Psychotic Disorder

	A.	�Presence of one or both of the following symptoms:
	 1.	� Delusions
	 2.	� Hallucinations
	B.	� There is evidence from the history, physical examination, or  

laboratory findings of both (1) and (2):
	 1.	� The symptoms of Criterion A developed during or soon after 

substance intoxication or withdrawal or after exposure to a 
medication.

	 2.	� The involved substance/medication is capable of producing 
the symptoms in Criterion A.

	C.	�The disturbance is not better explained by a psychotic disorder 
that is not substance/medication induced.

	D.	�The disturbance does not occur exclusively during the course of a 
delirium.

	E.	� The disturbance causes clinically significant distress or impairment 
in social, occupational, or other important areas of functioning.

Specify if:
With onset during intoxication: If the criteria are met for intoxication 

with the substance and the symptoms develop during intoxication.
With onset during withdrawal: If the criteria are met for withdrawal 

from the substance and the symptoms develop during, or shortly 
after, withdrawal.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 110–115. 
Copyright 2013. American Psychiatric Association. .
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A child develops persistent hallucinations during an established neurologic illness. Evaluation
shows the hallucinations are a direct pathophysiologic consequence of the disease, and
attention remains intact. Which diagnosis best fits?

A. Psychotic disorder due to another medical condition

B. Substance-induced psychotic disorder

C. Delirium

D. Brief psychotic disorder

E. Oppositional defiant disorder

Original table 47.8  |  Nelson printed p. 291  |  PDF p. 337

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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47.2 � Non-Schizophrenia Spectrum Psychotic 
Disorders
Jennifer A. Zaspel and Rosa K. Kim

Beyond the schizophrenia spectrum of psychotic disorders, substance/
medication-induced psychotic disorder (Table 47.7) and psychotic dis-
order due to another medical condition (Table 47.8) can be seen in 
pediatric populations.

The hallmark features of substance/medication-induced psy-
chosis are delusions and hallucinations that develop within the 
context of substance exposure: typically a drug of abuse, a medica-
tion, or a toxin exposure (see Tables 47.4 and 32.4 for a brief list). 
Synthetic cannabinoids (bath salts) are a common drug producing 
psychotic effects. A substance-induced psychosis is distinguished 
from a primary psychotic disorder by examining the onset and 
course of symptoms; the onset of a primary psychosis may precede 
substance exposure and may occur during periods of sustained 
abstinence. Once they arise, psychotic symptoms may be present as 
long as substance exposure is continued. Although the prevalence 
of substance/medication-induced psychotic disorder in the general 

population is unknown, it is estimated that 7–25% of individuals 
presenting with a first episode of psychosis meet criteria for this 
diagnosis. Symptoms can be managed with antipsychotics until they 
remit, which often happens shortly after the offending substance is 
removed. Patients can develop a schizophrenia spectrum disorder 
following substance exposure, but this tends to occur in individuals 
who are at high risk for developing a primary psychotic disorder 
regardless of substance exposure.

Psychosis due to another medical condition (see Table 47.8) is 
also characterized by prominent hallucinations or delusions, but 
history, physical exam, and laboratory findings support a direct 
pathophysiologic connection between these symptoms and another 
medical condition (see Tables 32.4, 47.4, 47.5, and 47.8). Any sen-
sory modality can be affected by hallucinations. The hallucinations 
vary in complexity depending on their etiology, and their descrip-
tion may be highly suggestive of a particular diagnosis, like olfac-
tory hallucinations in temporal lobe epilepsy. Associations between 
delusions and medical conditions tend to be less specific. The list 
of medical conditions that can cause psychosis is long, and includes 
epilepsy, strokes, neoplasms, endocrine disorders, genetic syn-
dromes like velocardiofacial syndrome, autoimmune disorders, 
and the permanent sequelae of toxic exposures (see Tables 32.4 and 
47.4). Notably, delirium is excluded from psychosis due to another 
medical condition. When narrowing the differential between 
schizophrenia spectrum disorders, psychosis due to another medi-
cal condition, and any other etiology, it is important to consider the 
timeline of symptoms, the presence of features that are atypical for 
a primary psychosis, and the possibility of substance or medica-
tion exposure. Treatment of the underlying medical condition may 
or may not require adjunctive antipsychotic treatment for manage-
ment of psychosis, and the course and prognosis of the psychosis 
will likely depend on the etiology.

A notable example of psychosis due to another medical condi-
tion is psychosis associated with epilepsy. The disorder manifests 
with delusions or hallucinations associated with poor insight, and 
can be further differentiated into ictal, interictal, and postictal psy-
chosis. Ictal-induced psychosis is a form of nonconvulsive status 
epilepticus, usually a complex partial status that can last for hours 
to days and is associated with periods of impaired consciousness. 
Brief interictal psychosis can last days to weeks and is associated 
with paranoia, delusions, and auditory hallucinations. Chronic 
interictal psychosis resembles schizophrenia and manifests with 
paranoia, visual hallucinations, and catatonia. Postictal psychosis is 
the most common type (observed in 2–7% of patients with epilepsy) 
and lasts up to 1 week and then spontaneously remits. The diagnosis 
requires a strong index of suspicion and EEG monitoring. Treat-
ment requires appropriate anticonvulsant drugs and, if the psycho-
sis persists, initiating low-dose antipsychotic medication.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography..

47.3  Catatonia in Children and Adolescents
Jennifer A. Zaspel and Rosa K. Kim

Catatonia is a constellation or syndrome of psychomotor features, 
the most notable of which are decreased purposeful motor activity, 
decreased engagement in interviews and physical exams, or exces-
sive and peculiar motor activity. The most characteristic symptoms 
are waxy flexibility and bizarre poses, but these may or may not 
be present (Table 47.9). Diagnosis can be challenging, as psycho-
motor disturbances can range from unresponsiveness to agitation. 
Catatonia has been associated with a broad array of conditions 
affecting children, adolescents, and adults, including psychotic, 
affective, drug-related, autoimmune, encephalitic, and neurodevel-
opmental conditions (Table 47.10). Autoimmune encephalitis may 
be the most common etiology in childhood. In addition, catatonia 
(autism shut down syndrome) may complicate ASD (Chapter 58). 

Table 47.8    � DSM-5 Diagnostic Criteria for Psychotic  
Disorder Due to Another Medical Condition

	A.	�Prominent hallucinations or delusions.
	B.	� There is evidence from the history, physical examination, or  

laboratory findings that the disturbance is the direct  
pathophysiologic consequence of another medical condition.

	C.	�The disturbance is not better explained by another mental disorder.
	D.	�The disturbance does not occur exclusively during the course of a 

delirium.
	E.	� The disturbance causes clinically significant distress or impairment 

in social, occupational, or other important areas of functioning.
Specify whether:
With delusions: If delusions are the predominant symptom.
With hallucinations: If hallucinations are the predominant symptom.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 115–116. 
Copyright 2013. American Psychiatric Association. .

Table 47.7    � DSM-5 Diagnostic Criteria for Substance/ 
Medication Induced Psychotic Disorder

	A.	�Presence of one or both of the following symptoms:
	 1.	� Delusions
	 2.	� Hallucinations
	B.	� There is evidence from the history, physical examination, or  

laboratory findings of both (1) and (2):
	 1.	� The symptoms of Criterion A developed during or soon after 

substance intoxication or withdrawal or after exposure to a 
medication.

	 2.	� The involved substance/medication is capable of producing 
the symptoms in Criterion A.

	C.	�The disturbance is not better explained by a psychotic disorder 
that is not substance/medication induced.

	D.	�The disturbance does not occur exclusively during the course of a 
delirium.

	E.	� The disturbance causes clinically significant distress or impairment 
in social, occupational, or other important areas of functioning.

Specify if:
With onset during intoxication: If the criteria are met for intoxication 

with the substance and the symptoms develop during intoxication.
With onset during withdrawal: If the criteria are met for withdrawal 

from the substance and the symptoms develop during, or shortly 
after, withdrawal.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. pp 110–115. 
Copyright 2013. American Psychiatric Association. .
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An adolescent abruptly remains motionless with a fixed gaze, gives almost no verbal
responses, and holds an imposed posture. Which syndrome is described by these combined
signs?

A. Hyperkinetic tic disorder

B. Catatonia

C. Panic attack

D. Selective mutism alone

E. Attention-deficit/hyperactivity disorder

Original table 47.9  |  Nelson printed p. 292  |  PDF p. 338

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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The exact pathophysiology of catatonia is unknown, but neuroana-
tomic, neuroendocrine, immunologic, and neurotransmitter-based 
theories have all been proposed based on the various underlying 
etiologies of catatonia. Morbidity and mortality are high in adults 
who have experienced catatonia and are presumed to be high in 
pediatric populations based on limited data primarily because of 
the severity of an underlying illness that could cause catatonia. 
Patients with schizophrenia spectrum disorders and catatonia tend 
to be more impaired than those who do not experience catatonia, 
and suicide rates are estimated to be 500-fold higher than in the 
general population.

Catatonia is defined as 3 or more of the 12 symptoms listed in 
Table 47.11 and can be described by both etiology and presenta-
tion. The DSM-5 broadly splits etiology into presentations related 
to mental disorders and presentations related to another medical 
condition, the diagnosis of which must be supported by the patient’s 
history, physical exam, and any accompanying laboratory findings. 
Pediatric prevalence rates range from 0.6–17% in child psychiatric 
inpatients and up to 17% in medically hospitalized children, but 
rates are difficult to determine due to underdiagnosis of the condi-
tion. Catatonia can be further subdivided into three presentation 
categories: stuporous, excited, and malignant. Stuporous presenta-
tions are characterized by immobility, mutism, staring, and rigid-
ity, whereas excited presentations include prolonged periods of 
psychomotor agitation. Malignant catatonia is an emergent condi-
tion, presenting with hyperthermia, hypertension, rhabdomyolysis, 
and psychomotor agitation in addition to the psychiatric and motor 

Table 47.10    � Conditions Associated with Catatonia

Psychotic Disorders
	 •	 �Paranoid schizophrenia, catatonic schizophrenia, psychosis, 

autism, Prader-Willi syndrome, intellectual impairment
Mood Disorders
	 •	 �Bipolar disorder: manic or mixed episodes
Major Depressive Disorder
Medical Conditions
	 •	 �Hyper-hypothyroidism, euthyroid autoimmune thyroiditis,  

Addison disease, infections, electrolyte imbalances, pathogenic 
variants in SCN2A gene, systemic lupus erythematosus

Neurologic Conditions
	 •	 �Epilepsy, strokes, traumatic brain injury, multiple sclerosis, 

infectious and autoimmune encephalitis, acute disseminated 
encephalomyelitis, neuromyelitis optica spectrum

Drugs
	 •	 �Withdrawal: benzodiazepines, l-dopa, gabapentin
	 •	 �Overdose: LSD, PCP, cocaine, MDMA (Ecstasy), disulfiram, 

levetiracetam

LSD, Lysergic acid; MDMA, 3,4-methylenedioxy-N-methylamphetamine; PCP, phencyclidine.
Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.11    � DSM-5 Criteria for Catatonia Due to Another 
Medical Condition

	A.	�The clinical picture is dominated by three (or more) of the 
following symptoms:

	 1.	� Stupor (i.e., no psychomotor activity; not actively relating to 
environment).

	 2.	� Catalepsy (i.e., passive induction of a posture held against 
gravity).

	 3.	� Waxy flexibility (i.e., slight, even resistance to positioning by 
examiner).

	 4.	� Mutism (i.e., no, or very little, verbal response [Note: not  
applicable if there is an established aphasia]).

	 5.	� Negativism (i.e., opposing or not responding to instructions 
or external stimuli).

	 6.	� Posturing (i.e., spontaneous and active maintenance of a 
posture against gravity).

	 7.	� Mannerism (i.e., odd, circumstantial caricature of normal actions).
	 8.	� Stereotypy (i.e., repetitive, abnormally frequent, non–goal-

directed movements).
	 9.	� Agitation, not influenced by external stimuli.
	 10.	� Grimacing.
	 11.	� Echolalia (i.e., mimicking another’s speech).
	 12.	� Echopraxia (i.e., mimicking another’s movements).
	B.	� There is evidence from the history, physical examination, or  

laboratory findings that the disturbance is the direct  
pathophysiologic consequence of another medical condition.

	C.	�The disturbance is not better explained by another mental  
disorder (e.g., a manic episode).

	D.	�The disturbance does not occur exclusively during the course of a 
delirium.

	E.	� The disturbance causes clinically significant distress or impairment 
in social, occupational, or other areas of functioning.

Coding note: Include the name of the medical condition in the name 
of the mental disorder (e.g., F06.1 catatonic disorder due to hepatic 
encephalopathy). The other medical condition should be coded 
and listed separately immediately before the catatonic disorder 
due to the medical condition (e.g., K71.90 hepatic encephalopathy; 
F06.1 catatonic disorder due to hepatic encephalopathy)

Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.9    � Catatonia

Excitement: Extreme hyperactivity; constant motor unrest, which is 
apparently nonpurposeful

Immobility/stupor: Extreme hypoactivity, immobility; minimally 
responsive to stimuli

Mutism: Verbally unresponsive or minimally responsive
Staring: Fixed gaze, little or no visual scanning of environment, 

decreased blinking
Posturing/catalepsy: Maintains posture(s), including mundane (e.g., 

sitting or standing for hours without reacting)
Grimacing: Maintenance of odd facial expressions
Echopraxia/echolalia: Mimics of examiner’s movements/speech
Stereotypy: Repetitive, non–goal-directed motor activity (e.g., finger 

play; repeatedly touching, patting, or rubbing self)
Mannerisms: Odd, purposeful movements (hopping or walking tiptoe, 

saluting passersby, exaggerated caricatures of mundane movements)
Verbigeration: Repetition of phrases or sentences
Rigidity: Maintenance of a rigid posture despite efforts to be moved
Negativism: Apparently motiveless resistance to instructions or to 

attempts to move/examine the patient; contrary behavior does the 
opposite of the instruction

Waxy flexibility: During reposturing of the patient, offers initial 
resistance before allowing themselves to be repositioned (similar 
to that of bending a warm candle)

Withdrawal: Refusal to eat, drink, or make eye contact
Impulsivity: Suddenly engaging in inappropriate behavior (e.g., runs 

down the hallway, starts screaming, or takes off clothes) without 
provocation; afterward, cannot explain

Automatic obedience: Exaggerated cooperation with examiner’s 
request, or repeated movements that are requested once

Passive obedience (mitgehen): Raising arm in response to light 
pressure of finger, despite instructions to the contrary

Negativism (gegenhalten): Resistance to passive movement that is 
proportional to strength of the stimulus; response seems automatic 
rather than willful

Ambitendency: Appears stuck in indecisive, hesitant motor movements
Grasp reflex: Striking the patient’s open palm with two extended 

fingers of the examiner’s hand results in automatic closure of the 
patient’s hand

Perseveration: Repeatedly returns to the same topic or persists with 
the same movements

Combativeness: Belligerence or aggression, usually in an undirected 
manner, without explanation

Autonomic abnormality: Abnormality of body temperature (fever), 
blood pressure, pulse rate, respiratory rate, inappropriate sweating

From Dhossche DM, Wachtel LE. Catatonia is hidden in plain sight among different 
pediatric disorders: A review article. Pediatr Neurol. 2010;43:307–315.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.
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A child with suspected catatonia has new seizures and cognitive change. Which listed category
of associated conditions warrants active consideration?

A. Neurologic illness including autoimmune encephalitis

B. Uncomplicated myopia

C. Primary dental caries

D. Seasonal allergic rhinitis alone

E. Lactose intolerance

Original table 47.10  |  Nelson printed p. 292  |  PDF p. 338

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13
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The exact pathophysiology of catatonia is unknown, but neuroana-
tomic, neuroendocrine, immunologic, and neurotransmitter-based 
theories have all been proposed based on the various underlying 
etiologies of catatonia. Morbidity and mortality are high in adults 
who have experienced catatonia and are presumed to be high in 
pediatric populations based on limited data primarily because of 
the severity of an underlying illness that could cause catatonia. 
Patients with schizophrenia spectrum disorders and catatonia tend 
to be more impaired than those who do not experience catatonia, 
and suicide rates are estimated to be 500-fold higher than in the 
general population.

Catatonia is defined as 3 or more of the 12 symptoms listed in 
Table 47.11 and can be described by both etiology and presenta-
tion. The DSM-5 broadly splits etiology into presentations related 
to mental disorders and presentations related to another medical 
condition, the diagnosis of which must be supported by the patient’s 
history, physical exam, and any accompanying laboratory findings. 
Pediatric prevalence rates range from 0.6–17% in child psychiatric 
inpatients and up to 17% in medically hospitalized children, but 
rates are difficult to determine due to underdiagnosis of the condi-
tion. Catatonia can be further subdivided into three presentation 
categories: stuporous, excited, and malignant. Stuporous presenta-
tions are characterized by immobility, mutism, staring, and rigid-
ity, whereas excited presentations include prolonged periods of 
psychomotor agitation. Malignant catatonia is an emergent condi-
tion, presenting with hyperthermia, hypertension, rhabdomyolysis, 
and psychomotor agitation in addition to the psychiatric and motor 

Table 47.10    � Conditions Associated with Catatonia

Psychotic Disorders
	 •	 �Paranoid schizophrenia, catatonic schizophrenia, psychosis, 

autism, Prader-Willi syndrome, intellectual impairment
Mood Disorders
	 •	 �Bipolar disorder: manic or mixed episodes
Major Depressive Disorder
Medical Conditions
	 •	 �Hyper-hypothyroidism, euthyroid autoimmune thyroiditis,  

Addison disease, infections, electrolyte imbalances, pathogenic 
variants in SCN2A gene, systemic lupus erythematosus

Neurologic Conditions
	 •	 �Epilepsy, strokes, traumatic brain injury, multiple sclerosis, 

infectious and autoimmune encephalitis, acute disseminated 
encephalomyelitis, neuromyelitis optica spectrum

Drugs
	 •	 �Withdrawal: benzodiazepines, l-dopa, gabapentin
	 •	 �Overdose: LSD, PCP, cocaine, MDMA (Ecstasy), disulfiram, 

levetiracetam

LSD, Lysergic acid; MDMA, 3,4-methylenedioxy-N-methylamphetamine; PCP, phencyclidine.
Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.11    � DSM-5 Criteria for Catatonia Due to Another 
Medical Condition

	A.	�The clinical picture is dominated by three (or more) of the 
following symptoms:

	 1.	� Stupor (i.e., no psychomotor activity; not actively relating to 
environment).

	 2.	� Catalepsy (i.e., passive induction of a posture held against 
gravity).

	 3.	� Waxy flexibility (i.e., slight, even resistance to positioning by 
examiner).

	 4.	� Mutism (i.e., no, or very little, verbal response [Note: not  
applicable if there is an established aphasia]).

	 5.	� Negativism (i.e., opposing or not responding to instructions 
or external stimuli).

	 6.	� Posturing (i.e., spontaneous and active maintenance of a 
posture against gravity).

	 7.	� Mannerism (i.e., odd, circumstantial caricature of normal actions).
	 8.	� Stereotypy (i.e., repetitive, abnormally frequent, non–goal-

directed movements).
	 9.	� Agitation, not influenced by external stimuli.
	 10.	� Grimacing.
	 11.	� Echolalia (i.e., mimicking another’s speech).
	 12.	� Echopraxia (i.e., mimicking another’s movements).
	B.	� There is evidence from the history, physical examination, or  

laboratory findings that the disturbance is the direct  
pathophysiologic consequence of another medical condition.

	C.	�The disturbance is not better explained by another mental  
disorder (e.g., a manic episode).

	D.	�The disturbance does not occur exclusively during the course of a 
delirium.

	E.	� The disturbance causes clinically significant distress or impairment 
in social, occupational, or other areas of functioning.

Coding note: Include the name of the medical condition in the name 
of the mental disorder (e.g., F06.1 catatonic disorder due to hepatic 
encephalopathy). The other medical condition should be coded 
and listed separately immediately before the catatonic disorder 
due to the medical condition (e.g., K71.90 hepatic encephalopathy; 
F06.1 catatonic disorder due to hepatic encephalopathy)

Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.9    � Catatonia

Excitement: Extreme hyperactivity; constant motor unrest, which is 
apparently nonpurposeful

Immobility/stupor: Extreme hypoactivity, immobility; minimally 
responsive to stimuli

Mutism: Verbally unresponsive or minimally responsive
Staring: Fixed gaze, little or no visual scanning of environment, 

decreased blinking
Posturing/catalepsy: Maintains posture(s), including mundane (e.g., 

sitting or standing for hours without reacting)
Grimacing: Maintenance of odd facial expressions
Echopraxia/echolalia: Mimics of examiner’s movements/speech
Stereotypy: Repetitive, non–goal-directed motor activity (e.g., finger 

play; repeatedly touching, patting, or rubbing self)
Mannerisms: Odd, purposeful movements (hopping or walking tiptoe, 

saluting passersby, exaggerated caricatures of mundane movements)
Verbigeration: Repetition of phrases or sentences
Rigidity: Maintenance of a rigid posture despite efforts to be moved
Negativism: Apparently motiveless resistance to instructions or to 

attempts to move/examine the patient; contrary behavior does the 
opposite of the instruction

Waxy flexibility: During reposturing of the patient, offers initial 
resistance before allowing themselves to be repositioned (similar 
to that of bending a warm candle)

Withdrawal: Refusal to eat, drink, or make eye contact
Impulsivity: Suddenly engaging in inappropriate behavior (e.g., runs 

down the hallway, starts screaming, or takes off clothes) without 
provocation; afterward, cannot explain

Automatic obedience: Exaggerated cooperation with examiner’s 
request, or repeated movements that are requested once

Passive obedience (mitgehen): Raising arm in response to light 
pressure of finger, despite instructions to the contrary

Negativism (gegenhalten): Resistance to passive movement that is 
proportional to strength of the stimulus; response seems automatic 
rather than willful

Ambitendency: Appears stuck in indecisive, hesitant motor movements
Grasp reflex: Striking the patient’s open palm with two extended 

fingers of the examiner’s hand results in automatic closure of the 
patient’s hand

Perseveration: Repeatedly returns to the same topic or persists with 
the same movements

Combativeness: Belligerence or aggression, usually in an undirected 
manner, without explanation

Autonomic abnormality: Abnormality of body temperature (fever), 
blood pressure, pulse rate, respiratory rate, inappropriate sweating

From Dhossche DM, Wachtel LE. Catatonia is hidden in plain sight among different 
pediatric disorders: A review article. Pediatr Neurol. 2010;43:307–315.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.
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A hospitalized teenager with a medical illness has stupor, mutism, and waxy flexibility, in the
absence of delirium. Which statement best matches the listed catatonia criteria?

A. One motor sign is sufficient

B. Three or more characteristic signs support catatonia due to a medical condition

C. A hallucination is required

D. Symptoms must begin before age 10 years

E. A confirmed mood disorder is required

Original table 47.11  |  Nelson printed p. 292  |  PDF p. 338

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14
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The exact pathophysiology of catatonia is unknown, but neuroana-
tomic, neuroendocrine, immunologic, and neurotransmitter-based 
theories have all been proposed based on the various underlying 
etiologies of catatonia. Morbidity and mortality are high in adults 
who have experienced catatonia and are presumed to be high in 
pediatric populations based on limited data primarily because of 
the severity of an underlying illness that could cause catatonia. 
Patients with schizophrenia spectrum disorders and catatonia tend 
to be more impaired than those who do not experience catatonia, 
and suicide rates are estimated to be 500-fold higher than in the 
general population.

Catatonia is defined as 3 or more of the 12 symptoms listed in 
Table 47.11 and can be described by both etiology and presenta-
tion. The DSM-5 broadly splits etiology into presentations related 
to mental disorders and presentations related to another medical 
condition, the diagnosis of which must be supported by the patient’s 
history, physical exam, and any accompanying laboratory findings. 
Pediatric prevalence rates range from 0.6–17% in child psychiatric 
inpatients and up to 17% in medically hospitalized children, but 
rates are difficult to determine due to underdiagnosis of the condi-
tion. Catatonia can be further subdivided into three presentation 
categories: stuporous, excited, and malignant. Stuporous presenta-
tions are characterized by immobility, mutism, staring, and rigid-
ity, whereas excited presentations include prolonged periods of 
psychomotor agitation. Malignant catatonia is an emergent condi-
tion, presenting with hyperthermia, hypertension, rhabdomyolysis, 
and psychomotor agitation in addition to the psychiatric and motor 

Table 47.10    � Conditions Associated with Catatonia

Psychotic Disorders
	 •	 �Paranoid schizophrenia, catatonic schizophrenia, psychosis, 

autism, Prader-Willi syndrome, intellectual impairment
Mood Disorders
	 •	 �Bipolar disorder: manic or mixed episodes
Major Depressive Disorder
Medical Conditions
	 •	 �Hyper-hypothyroidism, euthyroid autoimmune thyroiditis,  

Addison disease, infections, electrolyte imbalances, pathogenic 
variants in SCN2A gene, systemic lupus erythematosus

Neurologic Conditions
	 •	 �Epilepsy, strokes, traumatic brain injury, multiple sclerosis, 

infectious and autoimmune encephalitis, acute disseminated 
encephalomyelitis, neuromyelitis optica spectrum

Drugs
	 •	 �Withdrawal: benzodiazepines, l-dopa, gabapentin
	 •	 �Overdose: LSD, PCP, cocaine, MDMA (Ecstasy), disulfiram, 

levetiracetam

LSD, Lysergic acid; MDMA, 3,4-methylenedioxy-N-methylamphetamine; PCP, phencyclidine.
Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.11    � DSM-5 Criteria for Catatonia Due to Another 
Medical Condition

	A.	�The clinical picture is dominated by three (or more) of the 
following symptoms:

	 1.	� Stupor (i.e., no psychomotor activity; not actively relating to 
environment).

	 2.	� Catalepsy (i.e., passive induction of a posture held against 
gravity).

	 3.	� Waxy flexibility (i.e., slight, even resistance to positioning by 
examiner).

	 4.	� Mutism (i.e., no, or very little, verbal response [Note: not  
applicable if there is an established aphasia]).

	 5.	� Negativism (i.e., opposing or not responding to instructions 
or external stimuli).

	 6.	� Posturing (i.e., spontaneous and active maintenance of a 
posture against gravity).

	 7.	� Mannerism (i.e., odd, circumstantial caricature of normal actions).
	 8.	� Stereotypy (i.e., repetitive, abnormally frequent, non–goal-

directed movements).
	 9.	� Agitation, not influenced by external stimuli.
	 10.	� Grimacing.
	 11.	� Echolalia (i.e., mimicking another’s speech).
	 12.	� Echopraxia (i.e., mimicking another’s movements).
	B.	� There is evidence from the history, physical examination, or  

laboratory findings that the disturbance is the direct  
pathophysiologic consequence of another medical condition.

	C.	�The disturbance is not better explained by another mental  
disorder (e.g., a manic episode).

	D.	�The disturbance does not occur exclusively during the course of a 
delirium.

	E.	� The disturbance causes clinically significant distress or impairment 
in social, occupational, or other areas of functioning.

Coding note: Include the name of the medical condition in the name 
of the mental disorder (e.g., F06.1 catatonic disorder due to hepatic 
encephalopathy). The other medical condition should be coded 
and listed separately immediately before the catatonic disorder 
due to the medical condition (e.g., K71.90 hepatic encephalopathy; 
F06.1 catatonic disorder due to hepatic encephalopathy)

Adapted from Weder ND, Muralee S, Penland H, Tampi RR. Catatonia: A review. Ann 
Clin Psychiatry. 2008;20(2):97–107:Table 2.

Table 47.9    � Catatonia

Excitement: Extreme hyperactivity; constant motor unrest, which is 
apparently nonpurposeful

Immobility/stupor: Extreme hypoactivity, immobility; minimally 
responsive to stimuli

Mutism: Verbally unresponsive or minimally responsive
Staring: Fixed gaze, little or no visual scanning of environment, 

decreased blinking
Posturing/catalepsy: Maintains posture(s), including mundane (e.g., 

sitting or standing for hours without reacting)
Grimacing: Maintenance of odd facial expressions
Echopraxia/echolalia: Mimics of examiner’s movements/speech
Stereotypy: Repetitive, non–goal-directed motor activity (e.g., finger 

play; repeatedly touching, patting, or rubbing self)
Mannerisms: Odd, purposeful movements (hopping or walking tiptoe, 

saluting passersby, exaggerated caricatures of mundane movements)
Verbigeration: Repetition of phrases or sentences
Rigidity: Maintenance of a rigid posture despite efforts to be moved
Negativism: Apparently motiveless resistance to instructions or to 

attempts to move/examine the patient; contrary behavior does the 
opposite of the instruction

Waxy flexibility: During reposturing of the patient, offers initial 
resistance before allowing themselves to be repositioned (similar 
to that of bending a warm candle)

Withdrawal: Refusal to eat, drink, or make eye contact
Impulsivity: Suddenly engaging in inappropriate behavior (e.g., runs 

down the hallway, starts screaming, or takes off clothes) without 
provocation; afterward, cannot explain

Automatic obedience: Exaggerated cooperation with examiner’s 
request, or repeated movements that are requested once

Passive obedience (mitgehen): Raising arm in response to light 
pressure of finger, despite instructions to the contrary

Negativism (gegenhalten): Resistance to passive movement that is 
proportional to strength of the stimulus; response seems automatic 
rather than willful

Ambitendency: Appears stuck in indecisive, hesitant motor movements
Grasp reflex: Striking the patient’s open palm with two extended 

fingers of the examiner’s hand results in automatic closure of the 
patient’s hand

Perseveration: Repeatedly returns to the same topic or persists with 
the same movements

Combativeness: Belligerence or aggression, usually in an undirected 
manner, without explanation

Autonomic abnormality: Abnormality of body temperature (fever), 
blood pressure, pulse rate, respiratory rate, inappropriate sweating

From Dhossche DM, Wachtel LE. Catatonia is hidden in plain sight among different 
pediatric disorders: A review article. Pediatr Neurol. 2010;43:307–315.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 014 / 300

14



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 15 / 30

A resident uses the Bush-Francis Catatonia Screening Instrument in a child with suspected
catatonia. When uncertain whether a finding was present during the examination, how should
that item be scored according to the table?

A. Score it as definitely present

B. Score it zero

C. Double the score of a related item

D. Omit the entire assessment

E. Assign the maximum possible score

Original table 47.12  |  Nelson printed p. 293  |  PDF p. 339

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15
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symptoms seen in catatonia. The differential diagnosis for this type 
includes neuroleptic malignant syndrome or serotonin syndrome 
(see Chapter 33). Most children will present with a stuporous clini-
cal picture, whereas the remaining cases present as excited or malig-
nant, 19% and 5%, respectively. The severity of symptoms can be 
measured and tracked using the Bush-Francis Catatonia Rating 
Scale, a validated tool that accompanies a standardized physical 
examination and observation of patient behavior (Table 47.12). The 
diagnostic approach is driven by the search for the underlying cause 
for catatonia and the monitoring of its potentially dangerous effects 
on the body.

Beyond supportive care and discontinuation of any precipitating 
agents, treatment of catatonia should be expeditious to reduce the 
medical sequelae of prolonged symptoms. Benzodiazepines, in par-
ticular lorazepam, are typically first-line pharmacologic treatment 

for catatonia. Low-dose lorazepam is often trialed as a confirmatory 
“challenge” for patients with suspected catatonia, where a positive 
result is improvement or even resolution of symptoms within hours 
of administration of the medication. If the initial challenge test does 
reverse symptoms, increasing doses of lorazepam are indicated, 
with careful monitoring to avoid side effects (Fig. 47.2). Rapid 
withdrawal of benzodiazepines can, in turn, precipitate catatonia in 
those who are susceptible. The use of antipsychotics in catatonia is 
controversial, as they have been associated with an increased inci-
dence of malignant catatonia or neuroleptic malignant syndrome. 
ECT has also been used in both adults and children, though it is 
underutilized due to caretaker and ethical concerns. Its use is typi-
cally recommended when other viable treatment options have either 
not been successful or cannot be safely administered. It has been 
successful in treating refractory catatonia in children with autism.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

47.4  Hallucinations of Childhood
Jennifer A. Zaspel and Rosa K. Kim

Hallucinations are perceptions that occur in the absence of identifi-
able external stimuli. Nondiagnostic hallucinations are those that 
fall within the realm of normal human experience, such as hear-
ing footsteps, knocking, or one’s name being called. Hypnogogic 
and hypnopompic hallucinations are experienced as one transi-
tions into and out of sleep, respectively, and on their own carry 
no psychopathologic implications. In younger children, reported 
hallucinations can reflect a developmentally appropriate blurring 
between fantasy and reality, especially regarding dreams and imagi-
nary friends. Children are also more susceptible to perceptual dis-
tortions or illusions (misinterpretations of external stimuli) but 
may communicate these phenomena to adults in a way that most 
would interpret as hallucinations. The first clinical task in evaluat-
ing youth who report hallucinations is to sort out those associated 
with severe mental illness from those derived from other causes 
(Fig. 47.3).

Acute phobic hallucinations are benign, common, and typically 
occur in otherwise healthy preschool children. The hallucinations 
are often visual or tactile, last 10-60 minutes, and most often occur at 
night. The children are quite frightened and might complain that bugs 
or snakes are crawling over themselves and attempt to remove them. 
The child’s fear is not alleviated by reassurance by the parents or phy-
sician, and the child is not amenable to reason. Findings on physical 
and mental status examinations are otherwise normal, and the cause 
is unknown. Symptoms can persist for 1-3 days, slowly abating over 
1-2 weeks.

In children with nonpsychotic hallucinations, all other symptoms 
of psychosis are absent. Nonpsychotic hallucinations typically occur 
in the context of severe traumatic stress, developmental difficulties, 
social and emotional deprivation, parents whose own psychopathol-
ogy promotes a breakdown in the child’s sense of reality, cultural beliefs 
in mysticism, and unresolved mourning. Auditory hallucinations 
of voices telling the child to do “bad things” may be associated with 
disruptive behavior disorders in an unconscious attempt to distance 
oneself from undesirable behaviors. Hearing a voice invoking suicide 
is often associated with depression. Trauma-related hallucinations are 
commonly associated with posttraumatic stress disorder and are likely 
a representation of flashbacks. Auditory and visual hallucinations may 
similarly be endorsed in complex bereavement. The content of the hal-
lucinations is often relevant in understanding the underlying psycho-
pathology and developmental issues.

Table 47.12    � Standard Examination of Catatonia

The method described here is used to complete the 23-item Bush-
Francis Catatonia Rating Scale (BFCRS) and the 14-item Bush-
Francis Catatonia Screening Instrument (BFCSI). Item definitions 
on the two scales are the same. The BFCSI measures only the 
presence or absence of the first 14 signs.

Ratings are based solely on observed behaviors during the  
examination, with the exception of completing the items for  
“withdrawal” and “autonomic abnormality,” which may be based 
on directly observed behavior or chart documentation.

As a general rule, only items that are clearly present should be rated. 
If the examiner is uncertain as to the presence of an item, rate the 
item as “0.”

PROCEDURE
	1.	� Observe the patient while trying to engage in a conversation.
	2.	� The examiner should scratch his or her head in an exaggerated 

manner.
	3.	� The arm should be examined for cogwheeling. Attempt to  
reposture and instruct the patient to “keep your arm loose.” 
Move the arm with alternating lighter and heavier force.

	4.	� Ask the patient to extend his or her arm. Place one finger beneath 
his or her hand and try to raise it slowly after stating, “Do not let 
me raise your arm.”

	5.	 �Extend the hand stating, “Do not shake my hand.”
	6.	 �Reach into your pocket and state, “Stick out your tongue. I want 
to stick a pin in it.”

	7.	� Check for grasp reflex.
	8.	� Check the chart for reports from the previous 24-hour period. 

Check for oral intake, vital signs, and any incidents.
	9.	� Observe the patient indirectly, at least for a brief period each day, 

regarding the following:
	 •	 �Activity level
	 •	 �Abnormal movements
	 •	 �Abnormal speech
	 •	 �Echopraxia
	 •	 �Rigidity
	 •	 �Negativism
	 •	 �Waxy flexibility
	 •	 �Gegenhalten
	 •	 �Mitgehen
	 •	 �Ambitendency
	 •	 �Automatic obedience
	 •	 �Grasp reflex

Gegenhalten, Resistance to movements that is equal and opposite to the pressure exerted 
by examiner; mitgehen, extreme mitmachen where even slightest pressure moves limb; 
mitmachen, passive movement of extremity despite instruction not to move.

From Bush G, Fink M, Petrides G, Dowling F, Francis A. Catatonia. I. Rating scale and 
standardized examination. Acta Psychiatr Scand. 1996;93(2):129–136.
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A hospitalized 12-year-old develops acute fluctuating confusion over 2 days, cannot sustain
attention, and has new disorientation. Which syndrome meets the table's core clinical features?

A. Primary schizophrenia

B. Delirium

C. Persistent depressive disorder

D. Specific learning disorder

E. Selective mutism

Original table 48.1  |  Nelson printed p. 295  |  PDF p. 341

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16
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relatively well from a cognitive perspective during one assessment, and 
then seeming acutely altered at the next. At the core of delirium is an 
alteration in attention and awareness, and a disturbance in cognition. 
Patients with delirium will struggle to focus and sustain attention. They 
are often disoriented, showing confusion about where they are, poor 
orientation to time, and sometimes disorientation to self. In addition 
to these core features, delirium often presents with symptoms that have 
the potential to be mistaken for psychosis or mania. People with delir-
ium may hallucinate, engage in bizarre or purposeless movements, and 
show alterations in their sleep–wake cycles.

Delirium can be further categorized into subtypes (Table 48.2). The 
hyperactive subtype is characterized by increased motor activity, loss 
of control of activity, restlessness, and wandering. The hypoactive 

subtype presents with reduction in activity, speed of actions, aware-
ness of surroundings, quantity and speed of speech, and alertness. It is 
possible for patients to present with both hyperactive and hypoactive 
symptoms over the course of 24 hours, classified as having a mixed 
motor subtype. There has been emerging evidence of a fourth group, 
identified as the no motor subtype, in which they do not show charac-
teristics of either hyper- or hypoactive subtypes.

Although these subtypes are often seen in both pediatric and adult 
delirium, diagnosing delirium in children can pose challenges not 
present in adult populations. Developmental differences, especially 
in young children, necessitate alternative approaches to assessing and 
diagnosing delirium. Bedside staff and caregivers can provide helpful 
insight into behaviors and cognitive changes, such as changes in atten-
tion, increased fussiness over baseline, and difficulty soothing, which 
might be missed by clinicians who are unable to evaluate symptoms of 
delirium using traditional methods (Fig. 48.1). 

EPIDEMIOLOGY
The prevalence rate of pediatric delirium is an estimated to be 13–44% 
among hospitalized children, with higher rates seen in patients who are 
admitted to the intensive care unit (ICU) and/or those being mechani-
cally ventilated. Increased risk for delirium may be associated with the 
underlying medical condition, prolonged hospitalization (especially 
ICU admission), young age, neurocognitive and developmental disor-
ders, and a personal history of delirium. Potentially modifiable risk fac-
tors include polypharmacy, deep sedation, the use of benzodiazepines 
and anticholinergic medications, disrupted sleep, pain, sensory depri-
vation, and lack of familiar environment or caregivers. Delirium can 
occur at any age and has been observed in infants in the NICU. 

ETIOLOGY
Although nearly any medical condition that requires hospitalization 
can lead to delirium, there are diagnoses that are more commonly asso-
ciated with delirium (Table 48.3). Similarly, there are several drugs that 
are associated with the development of delirium in children includ-
ing benzodiazepines, anticholinergic medications, sedatives, opiates, 
steroids, and some illicit substances (synthetic cathinone, synthetic 
cannabinoids). 

ASSESSMENT
A thorough review of the medical record helps to identify predispos-
ing and precipitating factors including exposures, changes in behavior, 
recent illness, and surgeries. If a reasonable cause is unable to be found 
on history, a further medical work-up is usually indicated.

It is possible for children with known psychiatric illnesses to develop 
delirium in response to medical stress. Having a comorbid psychiatric 
diagnosis should not delay the diagnosis of delirium. Psychiatric ill-
nesses that can be confused with delirium include psychosis, mania, 
depression, and catatonia (Table 48.4). Key factors to look for in the 
history of patients with delirium are an acute onset without prodrome 
or other previous concern for worsening behavioral functioning, vari-
able symptoms from moment to moment, and deficits in attention and 
orientation.

One of the factors that complicates assessment of delirium in chil-
dren is the developmental level of the child. A young child will be 
unable to answer some of the standard assessment questions (e.g., 
questions about orientation), which means that a fair amount of the 
assessment will come from the bedside staff and the child’s primary 
caregivers. More standard assessment strategies can be utilized in older 
children and adolescents.

In the patient interview, a good assessment will strive to evaluate 
affect, thought process, thought content, attention, and orientation 
to make the diagnosis of delirium. Because the nature of delirium 
is waxing and waning, it would not be atypical to have a seemingly 
normal exam in a patient one suspects to have delirium. Performing 
multiple assessments over the course of time is important to mak-
ing an accurate diagnosis. In delirium, patients can have a disrup-
tion in their normal affect and may appear restricted or dysthymic. 

Table 48.1    � DSM-5 Diagnostic Criteria for Delirium

	A.	�A disturbance in attention (i.e., reduced ability to direct, focus, 
sustain, and shift attention) and awareness (reduced orientation to 
the environment).

	B.	� The disturbance develops over a short period of time (usually  
hours to a few days), represents a change from baseline attention 
and awareness, and tends to fluctuate in severity during the course 
of a day.

	C.	�An additional disturbance in cognition (e.g., memory deficit, 
disorientation, language, visuospatial ability, or perception).

	D.	�The disturbances in Criteria A and C are not explained by another 
preexisting, established, or evolving neurocognitive disorder and 
do not occur in the context of a severely reduced level of arousal, 
such as coma.

	E.	� There is evidence from the history, physical examination, or 
laboratory findings that the disturbance is a direct physiologic 
consequence of another medical condition, substance intoxication 
or withdrawal (i.e., due to a drug of abuse or to a medication), or 
exposure to a toxin, or is due to multiple etiologies.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p. 596. 
Copyright 2013. American Psychiatric Association.

Table 48.2    � DSM-5 Delirium Subtypes

Hyperactive delirium Increased psychomotor activity 
and mood lability
	•	 �Confusion
	•	 �Psychosis
	•	 �Disorientation
	•	 �Agitation
	•	 �Hypervigilance
	•	 �Hyper-alertness
	•	 �Combativeness
	•	 �Loud, pressured speech
	•	 �Behavioral dysregulation
	•	 �Pulling at lines/catheters

Hypoactive delirium Decreased psychomotor activity
	•	 �Sluggishness
	•	 �Lethargy
	•	 �Stupor
	•	 �Confusion
	•	 �Apathy

Mixed delirium Normal level of psychomotor 
activity
	•	 �Poor attention
	•	 �Decreased awareness
	•	 �Rapid fluctuation of activity 

level

Adapted from Meagher D, Moran M, Raju B, et al. A new data-based motor subtype 
schema for delirium. J Neuropsychiatry Clin Neurosci. 2008;20(2):185–193:Fig 1.
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A child in the ICU becomes quiet, withdrawn, slow to respond, and intermittently confused after
a previously alert baseline. Which delirium motor subtype best fits?

A. Hyperactive delirium

B. Hypoactive delirium

C. Catatonia by definition

D. Compulsion

E. Provisional tic disorder
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relatively well from a cognitive perspective during one assessment, and 
then seeming acutely altered at the next. At the core of delirium is an 
alteration in attention and awareness, and a disturbance in cognition. 
Patients with delirium will struggle to focus and sustain attention. They 
are often disoriented, showing confusion about where they are, poor 
orientation to time, and sometimes disorientation to self. In addition 
to these core features, delirium often presents with symptoms that have 
the potential to be mistaken for psychosis or mania. People with delir-
ium may hallucinate, engage in bizarre or purposeless movements, and 
show alterations in their sleep–wake cycles.

Delirium can be further categorized into subtypes (Table 48.2). The 
hyperactive subtype is characterized by increased motor activity, loss 
of control of activity, restlessness, and wandering. The hypoactive 

subtype presents with reduction in activity, speed of actions, aware-
ness of surroundings, quantity and speed of speech, and alertness. It is 
possible for patients to present with both hyperactive and hypoactive 
symptoms over the course of 24 hours, classified as having a mixed 
motor subtype. There has been emerging evidence of a fourth group, 
identified as the no motor subtype, in which they do not show charac-
teristics of either hyper- or hypoactive subtypes.

Although these subtypes are often seen in both pediatric and adult 
delirium, diagnosing delirium in children can pose challenges not 
present in adult populations. Developmental differences, especially 
in young children, necessitate alternative approaches to assessing and 
diagnosing delirium. Bedside staff and caregivers can provide helpful 
insight into behaviors and cognitive changes, such as changes in atten-
tion, increased fussiness over baseline, and difficulty soothing, which 
might be missed by clinicians who are unable to evaluate symptoms of 
delirium using traditional methods (Fig. 48.1). 

EPIDEMIOLOGY
The prevalence rate of pediatric delirium is an estimated to be 13–44% 
among hospitalized children, with higher rates seen in patients who are 
admitted to the intensive care unit (ICU) and/or those being mechani-
cally ventilated. Increased risk for delirium may be associated with the 
underlying medical condition, prolonged hospitalization (especially 
ICU admission), young age, neurocognitive and developmental disor-
ders, and a personal history of delirium. Potentially modifiable risk fac-
tors include polypharmacy, deep sedation, the use of benzodiazepines 
and anticholinergic medications, disrupted sleep, pain, sensory depri-
vation, and lack of familiar environment or caregivers. Delirium can 
occur at any age and has been observed in infants in the NICU. 

ETIOLOGY
Although nearly any medical condition that requires hospitalization 
can lead to delirium, there are diagnoses that are more commonly asso-
ciated with delirium (Table 48.3). Similarly, there are several drugs that 
are associated with the development of delirium in children includ-
ing benzodiazepines, anticholinergic medications, sedatives, opiates, 
steroids, and some illicit substances (synthetic cathinone, synthetic 
cannabinoids). 

ASSESSMENT
A thorough review of the medical record helps to identify predispos-
ing and precipitating factors including exposures, changes in behavior, 
recent illness, and surgeries. If a reasonable cause is unable to be found 
on history, a further medical work-up is usually indicated.

It is possible for children with known psychiatric illnesses to develop 
delirium in response to medical stress. Having a comorbid psychiatric 
diagnosis should not delay the diagnosis of delirium. Psychiatric ill-
nesses that can be confused with delirium include psychosis, mania, 
depression, and catatonia (Table 48.4). Key factors to look for in the 
history of patients with delirium are an acute onset without prodrome 
or other previous concern for worsening behavioral functioning, vari-
able symptoms from moment to moment, and deficits in attention and 
orientation.

One of the factors that complicates assessment of delirium in chil-
dren is the developmental level of the child. A young child will be 
unable to answer some of the standard assessment questions (e.g., 
questions about orientation), which means that a fair amount of the 
assessment will come from the bedside staff and the child’s primary 
caregivers. More standard assessment strategies can be utilized in older 
children and adolescents.

In the patient interview, a good assessment will strive to evaluate 
affect, thought process, thought content, attention, and orientation 
to make the diagnosis of delirium. Because the nature of delirium 
is waxing and waning, it would not be atypical to have a seemingly 
normal exam in a patient one suspects to have delirium. Performing 
multiple assessments over the course of time is important to mak-
ing an accurate diagnosis. In delirium, patients can have a disrup-
tion in their normal affect and may appear restricted or dysthymic. 

Table 48.1    � DSM-5 Diagnostic Criteria for Delirium

	A.	�A disturbance in attention (i.e., reduced ability to direct, focus, 
sustain, and shift attention) and awareness (reduced orientation to 
the environment).

	B.	� The disturbance develops over a short period of time (usually  
hours to a few days), represents a change from baseline attention 
and awareness, and tends to fluctuate in severity during the course 
of a day.

	C.	�An additional disturbance in cognition (e.g., memory deficit, 
disorientation, language, visuospatial ability, or perception).

	D.	�The disturbances in Criteria A and C are not explained by another 
preexisting, established, or evolving neurocognitive disorder and 
do not occur in the context of a severely reduced level of arousal, 
such as coma.

	E.	� There is evidence from the history, physical examination, or 
laboratory findings that the disturbance is a direct physiologic 
consequence of another medical condition, substance intoxication 
or withdrawal (i.e., due to a drug of abuse or to a medication), or 
exposure to a toxin, or is due to multiple etiologies.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p. 596. 
Copyright 2013. American Psychiatric Association.

Table 48.2    � DSM-5 Delirium Subtypes

Hyperactive delirium Increased psychomotor activity 
and mood lability
	•	 �Confusion
	•	 �Psychosis
	•	 �Disorientation
	•	 �Agitation
	•	 �Hypervigilance
	•	 �Hyper-alertness
	•	 �Combativeness
	•	 �Loud, pressured speech
	•	 �Behavioral dysregulation
	•	 �Pulling at lines/catheters

Hypoactive delirium Decreased psychomotor activity
	•	 �Sluggishness
	•	 �Lethargy
	•	 �Stupor
	•	 �Confusion
	•	 �Apathy

Mixed delirium Normal level of psychomotor 
activity
	•	 �Poor attention
	•	 �Decreased awareness
	•	 �Rapid fluctuation of activity 

level

Adapted from Meagher D, Moran M, Raju B, et al. A new data-based motor subtype 
schema for delirium. J Neuropsychiatry Clin Neurosci. 2008;20(2):185–193:Fig 1.
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A mechanically ventilated child develops fluctuating inattention while receiving prolonged
sedation. Which potentially reversible contributor appears in the delirium mnemonic table?

A. Medication/sedation exposure

B. Primary dyslexia

C. Normal tooth eruption

D. Familial tall stature

E. Speech articulation delay

Original table 48.3  |  Nelson printed p. 297  |  PDF p. 343
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Thought processes are often disorganized, tangential, or circum-
stantial and may seem loosely associated with, or not at all related to, 
the reality of what is going on in the moment. Patient with delirium 
may also be perseverative in their thought content, with difficulty 
moving away from a subject or becoming highly fixated on, or pre-
occupied with, one thing. They may have altered thought content, 
with hallucinations. Visual hallucinations especially are one of the 
hallmark alterations of thought content associated with delirium. 
Attention is frequently impacted in delirium, with patients demon-
strating decreased attention, with an impaired ability to attend to 
a conversation or a situation. Orientation in people with delirium 
is often altered, especially with regards to orientation to place and 
time. Although all of these changes are observed to wax and wane 
during the course of delirium, changes in orientation can be the 
most striking, with patients sometimes going from being fully ori-
ented to quite confused in the span of hours. 

RATING SCALES
There are multiple rating scales that have been created to help to screen 
for delirium, particularly in critical care or intensive care setting (see 
Fig. 48.1). The Cornell Assessment for Pediatric Delirium (CAPD), 
Pediatric Confusion Assessment Method for the Intensive Care Unit 
(pCAM-ICU), Preschool Confusion Assessment Method for the ICU 
(psCAM-ICU), and Richmond Agitation Sedation Scale (RASS) are all 
scales that are frequently used to help monitor for delirium. The CAPD, 
pCAM-ICU, and psCAM-ICU have all been validated for use in the 
pediatric population. Rating scales are not diagnostic on their own but 
can be useful for identifying patients at risk for delirium and for follow-
ing response to treatment. 

MEDICAL EVALUATION
Delirium is a clinical diagnosis and can be made with history and phys-
ical exam alone. There are no tests that are routinely recommended in 

Table 48.3    � Etiologies of Pediatric Delirium (CRITICAL 
CARE mnemonic)

Cardiovascular Anemia, shock, vasculitis, hypertensive 
encephalopathy

Respiratory Respiratory insufficiency, respiratory failure, 
pneumothorax

Infection Sepsis, encephalitis, urinary tract infection, 
meningitis, fever, pneumonia, tracheitis, 
cellulitis, surgical site infection, COVID-19

Toxins Polypharmacy, heavy metals, drug:drug 
interactions

Inflammatory process Autoimmune and rheumatologic disease

CNS pathology Stroke, seizure, head trauma, intracranial 
bleed, tumor, anoxic brain injury

Abuse, withdrawal, 
sedation

Alcohol, benzodiazepines, opioids,  
barbiturates, prolonged/excessive sedation

Liver Liver insufficiency, hepatic failure,  
hyperammonemia

Catheters, central line 
infections

Invasive device or procedure complications

Alimentation Electrolyte imbalance, nutritional  
deficiencies, dehydration

Renal Renal insufficiency or failure

Endocrinopathies Glycemic disturbance, thyroid disease, 
parathyroid disease, adrenal disease

Adapted from Malas N, Brahmbhatt K, McDermott C, Smith A, Ortiz-Aguayo R, Turkel 
S. Pediatric delirium: Evaluation, management, and special considerations. Curr 
Psychiatry Rep. 2017;19(9):65.

Table 48.4    � Differential Diagnosis of Delirium

CLINICAL FEATURE DELIRIUM PSYCHOSIS DEPRESSION CATATONIA

Course Acute onset, hours, days or 
more

Insidious onset over many 
months, prodrome

Insidious onset, at least 2 
wk, often over months

Onset variable

Attention Markedly impaired attention 
and arousal

Normal to mild impairment Mild impairment Variable difficulty with  
attention and arousal

Fluctuation Characterized by a waxing and 
waning course; disturbed 
day/night cycle

Absent Absent Less likely to fluctuate,  
motor signs may show 
more fluctuation

Perception Misperceptions; hallucinations 
(visual, fleeting); paramnesia

Hallucinations, auditory 
with personal reference

May have mood-congruent 
hallucinations

May have hallucinations, 
especially if secondary to 
primary psychosis

Speech and language Abnormal clarity, speed and 
coherence; disjointed and 
dysarthric; misnaming;  
characteristic dysgraphia

Disorganized with bizarre 
theme

Decreased amount of 
speech

Mutism; echolalia

Other cognition Disorientation to time, place; 
recent memory and  
visuospatial abnormalities

Disorientation to person; 
concrete interpretations

Mental slowing; 
indecisiveness; memory 
retrieval difficulty

Global disorientation

Behavior Lethargy; nonsystematized 
delusions; emotional lability

Systematized delusions; 
paranoia; bizarre  
behavior

Depressed mood;  
anhedonia; lack of  
energy; sleep and  
appetite disturbance

Stupor; catalepsy;  
negativism; posturing;  
stereotypy; agitation not  
influenced by external 
stimuli; grimacing; 
echopraxia

Electroencephalogram Diffuse slowing; low voltage 
fast activity; specific patterns

Normal Normal Normal, focal 
abnormalities or 
generalized slowing
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A 13-year-old has new visual hallucinations, severe inattention, and a waxing and waning
course over hours. Which diagnosis is favored over primary psychosis in the comparison
table?

A. Delirium

B. Schizophrenia

C. Specific phobia

D. Persistent depressive disorder

E. Oppositional defiant disorder

Original table 48.4  |  Nelson printed p. 297  |  PDF p. 343
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Thought processes are often disorganized, tangential, or circum-
stantial and may seem loosely associated with, or not at all related to, 
the reality of what is going on in the moment. Patient with delirium 
may also be perseverative in their thought content, with difficulty 
moving away from a subject or becoming highly fixated on, or pre-
occupied with, one thing. They may have altered thought content, 
with hallucinations. Visual hallucinations especially are one of the 
hallmark alterations of thought content associated with delirium. 
Attention is frequently impacted in delirium, with patients demon-
strating decreased attention, with an impaired ability to attend to 
a conversation or a situation. Orientation in people with delirium 
is often altered, especially with regards to orientation to place and 
time. Although all of these changes are observed to wax and wane 
during the course of delirium, changes in orientation can be the 
most striking, with patients sometimes going from being fully ori-
ented to quite confused in the span of hours. 

RATING SCALES
There are multiple rating scales that have been created to help to screen 
for delirium, particularly in critical care or intensive care setting (see 
Fig. 48.1). The Cornell Assessment for Pediatric Delirium (CAPD), 
Pediatric Confusion Assessment Method for the Intensive Care Unit 
(pCAM-ICU), Preschool Confusion Assessment Method for the ICU 
(psCAM-ICU), and Richmond Agitation Sedation Scale (RASS) are all 
scales that are frequently used to help monitor for delirium. The CAPD, 
pCAM-ICU, and psCAM-ICU have all been validated for use in the 
pediatric population. Rating scales are not diagnostic on their own but 
can be useful for identifying patients at risk for delirium and for follow-
ing response to treatment. 

MEDICAL EVALUATION
Delirium is a clinical diagnosis and can be made with history and phys-
ical exam alone. There are no tests that are routinely recommended in 

Table 48.3    � Etiologies of Pediatric Delirium (CRITICAL 
CARE mnemonic)

Cardiovascular Anemia, shock, vasculitis, hypertensive 
encephalopathy

Respiratory Respiratory insufficiency, respiratory failure, 
pneumothorax

Infection Sepsis, encephalitis, urinary tract infection, 
meningitis, fever, pneumonia, tracheitis, 
cellulitis, surgical site infection, COVID-19

Toxins Polypharmacy, heavy metals, drug:drug 
interactions

Inflammatory process Autoimmune and rheumatologic disease

CNS pathology Stroke, seizure, head trauma, intracranial 
bleed, tumor, anoxic brain injury

Abuse, withdrawal, 
sedation

Alcohol, benzodiazepines, opioids,  
barbiturates, prolonged/excessive sedation

Liver Liver insufficiency, hepatic failure,  
hyperammonemia

Catheters, central line 
infections

Invasive device or procedure complications

Alimentation Electrolyte imbalance, nutritional  
deficiencies, dehydration

Renal Renal insufficiency or failure

Endocrinopathies Glycemic disturbance, thyroid disease, 
parathyroid disease, adrenal disease

Adapted from Malas N, Brahmbhatt K, McDermott C, Smith A, Ortiz-Aguayo R, Turkel 
S. Pediatric delirium: Evaluation, management, and special considerations. Curr 
Psychiatry Rep. 2017;19(9):65.

Table 48.4    � Differential Diagnosis of Delirium

CLINICAL FEATURE DELIRIUM PSYCHOSIS DEPRESSION CATATONIA

Course Acute onset, hours, days or 
more

Insidious onset over many 
months, prodrome

Insidious onset, at least 2 
wk, often over months

Onset variable

Attention Markedly impaired attention 
and arousal

Normal to mild impairment Mild impairment Variable difficulty with  
attention and arousal

Fluctuation Characterized by a waxing and 
waning course; disturbed 
day/night cycle

Absent Absent Less likely to fluctuate,  
motor signs may show 
more fluctuation

Perception Misperceptions; hallucinations 
(visual, fleeting); paramnesia

Hallucinations, auditory 
with personal reference

May have mood-congruent 
hallucinations

May have hallucinations, 
especially if secondary to 
primary psychosis

Speech and language Abnormal clarity, speed and 
coherence; disjointed and 
dysarthric; misnaming;  
characteristic dysgraphia

Disorganized with bizarre 
theme

Decreased amount of 
speech

Mutism; echolalia

Other cognition Disorientation to time, place; 
recent memory and  
visuospatial abnormalities

Disorientation to person; 
concrete interpretations

Mental slowing; 
indecisiveness; memory 
retrieval difficulty

Global disorientation

Behavior Lethargy; nonsystematized 
delusions; emotional lability

Systematized delusions; 
paranoia; bizarre  
behavior

Depressed mood;  
anhedonia; lack of  
energy; sleep and  
appetite disturbance

Stupor; catalepsy;  
negativism; posturing;  
stereotypy; agitation not  
influenced by external 
stimuli; grimacing; 
echopraxia

Electroencephalogram Diffuse slowing; low voltage 
fast activity; specific patterns

Normal Normal Normal, focal 
abnormalities or 
generalized slowing
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A disoriented ICU patient sleeps poorly during the day and becomes more agitated overnight.
Which nonpharmacologic intervention is listed?

A. Keep the room brightly illuminated overnight

B. Provide a visible clock and orienting calendar while maintaining daytime light cues

C. Rotate different unfamiliar caregivers at every contact

D. Remove prescribed hearing aids

E. Increase overnight noise to maintain alertness

Original table 48.5  |  Nelson printed p. 298  |  PDF p. 344
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Table 48.5    � Nonpharmacologic Management of Delirium

Environmental  
modifications

	•	 �Maintain lighting consistent with the 
time of day

	•	 �Minimize noise
	•	 �Familiar objects
	•	 �Visible clock, calendar

Sensory modifications 	•	 �Have appropriate sensory aides  
available (glasses, hearing aids)

	•	 �Soft, calming music
	•	 �Minimize lines, catheters, restraints
	•	 �Maintain comfortable position and body 

alignment

Caregiver interventions 	•	 �Frequent reorientation
	•	 �Fewer care team providers/different 

faces
	•	 �Cluster cares to minimize interruptions
	•	 �Promote normal sleep/wake schedule
	•	 �Presence of familiar caregivers

the evaluation for delirium, rather clinicians should be guided by the 
history and medical concerns. There are times when laboratory, imag-
ing, and other testing modalities can be helpful particularly in patients 
with suspected delirium when the underlying medical etiology of delir-
ium is unknown.

Central nervous system imaging may be recommended to help 
identify underlying processes that may be contributing to delirium; 
brain imaging on its own is not a tool that can diagnose delirium 
and is not recommended for the sole purpose of diagnosis.

Electroencephalogram (EEG) is one of the few tools that can 
be used to help confirm a delirium diagnosis if there is diagnos-
tic ambiguity or uncertainty. Various studies have found 65–86% 
of children with delirium have abnormal EEGs. Findings associated 
with delirium typically include some degree of diffuse background 
slowing and disorganization. This EEG finding has been shown to 
effectively discriminate between children with delirium and healthy 
controls. However, these EEG findings are nonspecific and are not 
sufficient to diagnose delirium. Another caveat when utilizing 
EEG in the evaluation of delirium is the reality that several of the 
underlying causes of delirium, including metabolic derangement, 
seizures, infections, and intoxication, can also lead to EEG changes 
in the absence of delirium (see Table 48.3). 

DIFFERENTIAL DIAGNOSIS
Both medical and psychiatric disorders may share or mimic some of the 
symptoms of delirium and can sometimes lead to complications when 
trying to make the diagnosis. Catatonia, depression, and psychosis are 
some of the more frequently occurring diagnoses that can be confused for 
delirium in children and especially adolescents (see Table 48.4; see Chapter 
47). In particular, catatonia can be difficult to separate from delirium, espe-
cially because the two can co-occur. It is important to attempt to clarify 
the diagnosis because treatment of delirium and catatonia is different; the 
treatment for one can exacerbate the other. To help distinguish between 
the two, it is often helpful to assess for motor signs seen in catatonia that are 
not typically present in delirium (see Chapter 47.3). Additionally, catatonia 
is less likely to present with a waxing and waning course. The Bush-Francis 
Rating Scale can be used to help diagnose catatonia (see Table 47.12).

Delirium can also mimic psychosis, frequently presenting with halluci-
nations and sometimes delusions. One of the most profound differences 
between the two is the onset; delirium has an acute onset compared with 
the prodromal nature of a first episode of psychosis. It would be unusual 
for primary psychosis to develop over the course of days. However, this 
is characteristic of delirium. Hallucinations in delirium are often visual, 
whereas primary psychotic illnesses typically present with predominantly 
auditory hallucinations. Delusional thought content in delirium often lacks 
any internal structure or interconnectedness, while delusions in primary 
psychotic disorders are frequently structured around a common theme.

Patients with depression may have some characteristics of delirium. 
The course and onset can help to distinguish depression from delirium; 
with depression the timing of onset is often closer to that of delirium. 
Depression does not demonstrate a waxing and waning course, and 
while cognition can be affected, it is often slowed with some memory 
problems, whereas orientation remains intact. 

TREATMENT
Nonpharmacologic Interventions
Nonpharmacologic interventions are a mainstay in both delirium 
treatment and prevention. The goal behind these interventions is to 
provide a supportive environment and to provide sensory and envi-
ronmental modifications to help offset the challenges posed by the 
need for hospital-based care and treatment. Strategies such as frequent 
reorientation, adherence to normal routines, clustering care, and main-
taining a normal sleep–wake cycle are all frequently implemented to 
prevent or manage delirium (Table 48.5) 

Pharmacologic Treatment
Pharmacologic management of delirium focuses on both utiliz-
ing medications to help manage the symptoms of delirium while the 

underlying process is being treated and removing medications that 
may precipitate or worsen delirium.

Antipsychotics
Medications for the behavioral symptoms of delirium target disruptive 
behaviors that pose a danger to the patient and caregivers and interfere 
with necessary medical care. Although these medications do not treat 
the underlying cause of delirium, they can help to decrease distress 
and lead to a shorter overall course. Antipsychotic medications are the 
mainstay of treatment for the behavioral and psychiatric symptoms of 
delirium. Both first- and second-generation antipsychotics are effective, 
and the choice of medication is based on what other medical needs are 
co-occurring. It is recommended to “start low and go slow” to arrive at 
an effective dose. Although typically used only for a short course (days 
to weeks), it remains important to consider adverse effects of antipsy-
chotic medications (see Chapter 33). All antipsychotics can cause QTc 
prolongation; thus it is recommended that electrocardiogram (ECG) 
monitoring be considered at the onset of and throughout the treatment. 
For a patient who is unable to take medications by mouth, intramuscular 
(IM) or intravenous (IV) haloperidol can be used. IV haloperidol is more 
potent than IM or oral haloperidol; switching between formulations and 
modes of administration must be done carefully. For patients who can 
take medications by mouth, second-generation antipsychotics are typi-
cally the preferred choice. Risperidone, quetiapine, and olanzapine have 
all been shown to be effective in treating children and adolescents with 
delirium. Risperidone and olanzapine are available in an oral disintegrat-
ing tablet, and quetiapine is available in a liquid solution, which makes 
them easy to administer for patients who are dependent on a nasogastric 
tube for nutrition. Choice of medication is often dependent on what is 
available in the treatment setting, and the preferred route of administra-
tion. In chronically ill medical patients, inquiring about a past history of 
delirium and treatment can be helpful in guiding medication choices. 

Other Medications
Melatonin has some utility in the management of delirium as it can 
help to promote a normal circadian rhythm and the return to a healthy 
sleep–wake cycle. Trazodone has also been shown to have some benefit 
for patients who are struggling with nocturnal sleep maintenance. 

Medications to Avoid
In addition to adding medications for the treatment of delirium, elimi-
nating unnecessary or potentially deliriogenic medications is equally 
important. Benzodiazepines worsen delirium and should be avoided as 
much as possible in patients at risk of developing delirium. They should 
not be used to treat agitation in delirious patients. Anticholinergic 
medications are also known to potentiate delirium and should also be 
avoided. Minimizing polypharmacy to the extent possible can help to 
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A student can start homework but repeatedly forgets the second and third steps of multistep
directions. Which executive-function domain in the table is most affected?

A. Inhibitory control

B. Working memory

C. Cognitive shifting

D. Self-monitoring

E. Response initiation
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functions (e.g., auditory and visual-perceptual processing, spatial abili-
ties, processing speed, and working memory).

The expression of intellect is mediated by many factors, includ-
ing language development, sensorimotor abilities, genetics, heredity, 
environment, and neurodevelopmental function. When an individu-
al’s measured intelligence is >2 standard deviations below the mean 
(a standard score of <70 on most IQ tests) and accompanied by sig-
nificant weaknesses in adaptive skills, the diagnosis of intellectual 
disability may be warranted (see Chapter 56). Functionally, some 
common characteristics distinguish children with intellectual disabil-
ity from those with average or above-average abilities. Typically, those 
at the lowest end of the spectrum (e.g., profound or severe intellec-
tual disability) are incapable of independent function and require a 
highly structured environment with constant aid and supervision. At 
the other end of the spectrum are those with unusually well-developed 
intellect (“gifted”). Stronger intellect has been associated with better-
developed concept formation, critical thinking, problem solving, 
understanding and formulation of rules, brainstorming and creativity, 
and metacognition (ability to “think about thinking”). Although high 
levels of intellectual functioning offer many opportunities, they can 
also be associated with functional challenges related to socialization, 
learning, and communication style.

Individuals whose intellect falls in the below-average range (some-
times referred to as the “borderline” or “slow learner” range) tend to 
experience greater difficulty processing and managing information 
that is abstract, making connections between concepts and ideas, and 
generalizing information (e.g., may be able to comprehend a concept in 
one setting but be unable to carry it over and apply it in different situ-
ations). In general, these individuals tend to do better when informa-
tion is presented in more concrete and explicit terms (with repetition) 
and when working with rote information (e.g., memorizing specific 
material). 

Memory
Memory is a term used to describe the complex, cognitive mechanism 
by which information is acquired, retained, and recalled. Major brain 
areas involved in memory processing include the hippocampus, fornix, 
temporal lobes, and cerebellum, with connections in and between most 
brain regions. Memory consists of multiple distinct and interconnected 
subsystems that are categorized based on the length of time informa-
tion is stored (e.g., short-term memory, long-term memory), type of 
information stored (e.g., events, facts, procedures, emotional associa-
tions, conditioned reflexes), modality of the information (e.g., visual, 
auditory, olfactory), and whether memories are consciously recalled 
(explicit memory) or unconsciously recalled (implicit memory). 
Information processing models also include working memory as a 
distinct component.

Memory formation begins with sensory input (e.g., auditory, visual, 
tactile) that is identified, or registered, and subsequently encoded. 
Encoding is a mental process that transforms perceptual input into a 
representational code for the memory system. Information in short-
term memory is transferred into long-term memory through the pro-
cess of consolidation and storage. Information capacity in short-term 
memory is limited and brief, lasting for seconds to minutes, whereas 
information in long-term memory is potentially unlimited in terms of 
capacity and can be available for hours or as long as a life span.

Once information finds its way into long-term memory, it must be 
accessed. In general, information can be retrieved spontaneously (a 
process known as free recall) or with the aid of cues (cued or recogni-
tion recall). With deliberate, repeated practice, children can develop 
automaticity, the ability to instantaneously and effortlessly access 
information that has been learned in the past. Automaticity frees cog-
nitive resources to process other information and promote learning. 
For example, automaticity in decoding words allows a child to focus on 
the meaning of the text. 

Social Cognition
The development of effective social skills is heavily dependent on 
secure social cognition, which consists of mental processes that allow 

an individual to understand and interact with the social environment. 
Although some evidence shows that social cognition exists as a discrete 
area of neurodevelopmental function, multiple cognitive processes are 
involved with social cognition. These include the ability to recognize, 
interpret, and make sense of the thoughts, communications (verbal and 
nonverbal), and actions of others; the ability to understand that oth-
ers’ perceptions, perspectives, and intentions might differ from one’s 
own (commonly referred to as “theory of mind”); the ability to use lan-
guage to communicate with others socially (pragmatic language); and 
the ability to make inferences about others and the environment based 
on contextual information. It can also be argued that social cognition 
involves processes associated with memory and EFs, such as flexibility 
and shifting. Children with autism spectrum disorder harbor deficits in 
social cognition (see Chapter 58). 

Executive Function
EF involves multiple skills (Table 49.1) that begin development early in 
life (early indications of inhibitory control and even working memory 
have been found in infancy), mature significantly during the preschool 
years, and continue to develop through adolescence and well into adult-
hood. Some studies suggest that secure EF may be more important 
than intellectual ability for academic success and have revealed that 
a child’s ability to delay gratification early in life predicts competency, 
attention, self-regulation, frustration tolerance, aptitude, physical and 
mental health, and even risk for substance dependency in adolescence 
and adulthood. Conversely, deficits in other areas of neurodevelopment, 
such as language development, affect EF.

Attention is far from a unitary, independent, or specific brain func-
tion. This may be best illustrated through the phenotype associated 
with ADHD (see Chapter 50). Disordered attention can result from 
faulty mechanisms in and across subdomains of attention. These sub-
domains include selective attention (ability to focus attention on a 
particular stimulus and to discriminate relevant from irrelevant infor-
mation), divided attention (ability to orient to more than one stimulus 
at a given time), sustained attention (ability to maintain one’s focus), 
and alternating attention (capacity to shift focus between stimuli).

Attention problems in children can manifest at any point, from 
arousal through output. Children with diminished alertness and 

Table 49.1    � Symptom Expression of Executive Dysfunction

EXECUTIVE 
FUNCTION 
DEFICIT SYMPTOM EXPRESSION

Inhibitory control Impulsivity/poor behavioral regulation
Interrupts
“Blurts things out”

Shifting Problems with transitioning from one task/activity 
to another

Unable to adjust to unexpected change
Repeats unsuccessful problem-solving approaches

Initiation Difficulty independently beginning tasks/activities
Lacks initiative
Difficulty developing ideas or making decisions

Working 
memory

Challenges following multistep instruction (e.g., 
only completes one of three steps)

Forgetfulness
Organization 

and planning
Fails to plan ahead
Work is often disorganized
Procrastinates and does not complete tasks
“Messy” child

Self-monitoring Fails to recognize errors and check work
Does not appreciate impact of actions on others
Poor self-awareness

Emotional 
control

Experiences behavioral and emotional outbursts 
(e.g., tantrums)

Easily upset/frustrated
Frequent mood changes
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A child has persistent difficulty reading unfamiliar words and manipulating individual speech
sounds. Which neurodevelopmental domain in the academic-disorder table is most relevant?

A. Phonologic language processing

B. Gross motor endurance

C. Olfactory recognition

D. Cardiac conduction

E. Color perception

Original table 49.2  |  Nelson printed p. 304  |  PDF p. 350

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 22

304  Part IV  u  Learning and Developmental Disorders

might present with delayed language development, including prob-
lems with articulation, vocabulary development, word finding, and 
rhyming. They often experience early challenges with learning colors, 
shapes, letters, numbers, the alphabet, and days of the week. Children 
with visual processing deficits may have difficulty learning to draw 
and write and have problems with art activities. These children might 
also have trouble discriminating between left and right. They might 
encounter problems recognizing letters and words. Difficulty following 
instructions, overactivity, and distractibility may be early symptoms 
of emerging executive dysfunction. Difficulties with fine motor devel-
opment (e.g., grasping crayons/pencils, coloring, drawing) and social 
interaction may develop. These manifestations should be considered 
as potential “red flags” for future learning challenges (see “Assessment 
and Diagnosis”).

School-age children with neurodevelopmental and executive dys-
functions can vary widely in clinical presentations. Their specific pat-
terns of academic performance and behavior represent final common 
pathways of neurodevelopmental strengths and deficits interacting 
with environmental, social, or cultural factors; temperament; educa-
tional experience; and intrinsic resilience (Table 49.2). Children with 
language weaknesses might have problems integrating and associating 
letters and sounds, decoding words, deriving meaning, and being able 
to comprehend passages. Children with early signs of a mathematics 
weakness might have difficulty with concepts of quantity or with add-
ing or subtracting without using concrete representation (e.g., their 
fingers when calculating). Difficulty learning time concepts and con-
fusion with directions (right/left) might also be observed. Poor fine 
motor control and coordination and poor planning can lead to writing 
problems. Attention and behavioral regulation weaknesses observed 
earlier can continue, and together with other EF weaknesses (e.g., 
organization, initiation skills), further complicate the child’s ability 
to acquire and generalize new knowledge. Children with weaknesses 
in WM may struggle to remember the steps necessary to complete an 
activity or problem-solve. In social settings, these children often have 
difficulty keeping up with more complex conversations.

In middle school children the substantial increase in cognitive, aca-
demic, and regulatory demands can cause further difficulties for those 
with existing neurodevelopmental and executive challenges. In reading 
and writing, middle school children might present with transposition 
and sequencing errors; might struggle with root words, prefixes, and 
suffixes; might have difficulty with written expression; and might avoid 
reading and writing altogether. Challenges completing word problems 
in math are common. Difficulty with recall of information might also 
be experienced. Although observable in both lower and more advanced 
grades, behavioral, emotional, and social difficulties tend to become 
more salient in middle school children who experience cognitive or 
academic problems.

High school students can present with deficient reading compre-
hension, written expression, and slower processing efficiency. Difficulty 
in answering open-ended questions, dealing with abstract information, 
and deploying executive control (e.g., self-monitoring, organization, 
planning, self-starting) is often reported.

Academic Problems
Reading disorders (see Chapter 51) can stem from a number of neu-
rodevelopmental dysfunctions, as described earlier (see Table 49.2). 
Most often, language and auditory processing weaknesses are present, 
as evidenced by poor phonologic processing that results in deficiencies 
at the level of decoding individual words and, consequently, a delay in 
automaticity (e.g., acquiring a repertoire of words readers can iden-
tify instantly) that causes reading to be slow, laborious, and frustrat-
ing. Deficits in other core neurodevelopmental domains might also be 
present. Weak WM might make it difficult for a child to hold sounds 
and symbols in mind while breaking down words into their compo-
nent sounds, or might cause reading comprehension problems. Some 
children experience temporal-ordering weaknesses and struggle with 
reblending phonemes into correct sequences. Memory dysfunction 
can cause problems with recall and summarization of what was read. 
Some children with higher-order cognitive deficiencies have trouble 
understanding what they read because they lack a strong grasp of the 
concepts in a text. Although rare as a cause of reading difficulty, prob-
lems with visual-spatial functions (e.g., visual perception) can cause 
children difficulty in recognizing letters. It is not unusual for children 
with reading problems to avoid reading practice, and a delay in read-
ing proficiency becomes increasingly pronounced and difficult to 
remediate.

Spelling and writing impairments share many related underlying 
processing deficits with reading, so it is not surprising that the two 
disorders often occur simultaneously in school-age children (see Table 
49.2). Core neurodevelopmental weaknesses that underlie spelling dif-
ficulties include phonologic and decoding difficulties, orthographic 
problems (coding letters and words into memory), and morphologic 
deficits (use of suffixes, prefixes, and root words). Problems in these 
areas can manifest as phonetically poor, yet visually comparable, 
approximations to the actual word (faght for fight), spelling that is pho-
netically correct but visually incorrect (fite for fight), and inadequate 
spelling patterns (plade for played). Children with memory disorders 
might misspell words because of coding weaknesses. Others misspell 
because of poor auditory WM that interferes with their ability to pro-
cess letters. Sequencing weaknesses often result in transposition errors 
when spelling.

Writing difficulties have been classified as disorder of written 
expression, or dysgraphia (see Table 49.2). Although many of the 
same dysfunctions described for reading and spelling can contribute 
to problems with writing, written expression is the most complex of 
the language arts, requiring synthesis of many neurodevelopmental 
functions (e.g., auditory, visual-spatial, memory, executive; see Chap-
ter 52.2). Weaknesses in these functions can result in written output 
that is difficult to comprehend, disjointed, and poorly organized. The 
child with WM challenges can lose track of what the child intended to 
write. Attention deficits can make it difficult for a child to mobilize and 
sustain the mental effort, pacing, and self-monitoring demands nec-
essary for writing. In many cases, writing is laborious because of an 
underlying graphomotor dysfunction (e.g., fluency does not keep pace 

Table 49.2    � Neurodevelopmental Dysfunction Underlying 
Academic Disorders*

ACADEMIC 
DISORDER

POTENTIAL UNDERLYING 
NEURODEVELOPMENTAL DYSFUNCTION

Reading Language
	 •	� Phonologic processing
	 •	� Verbal fluency
	 •	� Syntactic and semantic skills
Memory
	 •	� Working memory
Sequencing
Visual-spatial
Attention

Written expression, 
spelling

Language
	 •	� Phonologic processing
	 •	� Syntactic and semantic skills
Graphomotor
Visual-spatial
Memory
	 •	� Working memory
Sequencing
Attention

Mathematics Visual-spatial
Memory
	 •	� Working memory
Language
Sequencing
Graphomotor
Attention

*Isolated neurodevelopmental dysfunction can lead to a specific academic disorder, but 
more often there is a combination of factors underlying weak academic performance. 
In addition to the dysfunction in neurodevelopmental domains as listed in the table, 
the clinician must also consider the possibility of limitations of intellectual and 
cognitive abilities or associated social and emotional problems.
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A child repeatedly forgets a three-step classroom instruction. Which real-world intervention in
the table best targets the suspected executive-function deficit?

A. Repeat concise instructions and provide a concrete visual reference

B. Give longer verbal instructions without cues

C. Punish each missed step

D. Require immediate unsupervised multitasking

E. Remove all classroom structure
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programs show lasting improvements in WM skills in children, though 
benefits are narrow and limited only to the aspects of WM specifi-
cally trained. Recently, game-based digital therapy has been shown to 
improve attention in children with ADHD-inattentive type and com-
bined type. Noncomputerized cognitive training has shown greater 
improvements in EF than any type of computerized cognitive training. 
This may be the result of instructor-trainee interaction. Also evidenc-
ing positive outcomes are curriculum-based classroom programs, 
such as the Tools of the Mind (Tools) and Promoting Alternative Think-
ing Strategies (PATHS), which have been shown to improve IC.

Emerging evidence suggests physical activity can improve EF. Chil-
dren who are more physically active and have better aerobic fitness 
have been shown to have better EF than children who are sedentary. 
Although plain aerobic exercise (e.g., walking, running) has not been 
found to improve EF, encouraging findings have been noted when an 
activity involves aerobic exercise and is also cognitively demanding. 
Basketball and dance, for example, are high in physical exertion while 
also requiring cognitive engagement through motor coordination 
and planning. In contrast, resistance training has not been shown to 
improve EF.

Approaches that use mindfulness techniques are also gaining prom-
inence. Mindfulness practices incorporating movement (e.g., tai chi) 
improve EF better than those performed in a seated position. Martial 
arts such as taekwondo, which stresses discipline and self-regulation, 
have demonstrated improvements that generalize in many aspects of 
EFs and attention (e.g., sustained focus). 

COUNSELING AND PARENT TRAINING PROGRAMS
The pediatrician is often in a close, trusting relationship with fami-
lies and is well-positioned to identify adverse home factors that may 
require additional supports, including counseling and parent training. 

When academic difficulties are complicated by family problems or 
identifiable psychiatric disorders, psychotherapy may be indicated. 
Mental health professionals may offer long-term or short-term ther-
apy. Such intervention may involve the child alone or the entire fam-
ily. Cognitive-behavioral therapy is especially effective for mood and 
anxiety disorders. It is essential that the therapist have a firm under-
standing of the nature of a child’s neurodevelopmental dysfunctions. 
Formal parenting interventions have also demonstrated strong evi-
dence for effectiveness. Four programs that have the most empirical 
support are the Triple P, Parent-Child Interaction Therapy (PCIT), 
Incredible Years, and New Forest Parenting Programme.

Table 49.3 outlines interventions to target the specific components 
of EF. Although interventions may target each component separately, 
success will be determined by how well treatments can be integrated 
across settings and generalized to other areas of function. Whenever 
possible, working with more than one EF simultaneously is encour-
aged as a means of scaffolding intervention and building on previously 
mastered skills.

Medication
Psychopharmacologic agents may be helpful in lessening the toll of 
some neurodevelopmental dysfunctions. Most often, stimulants are 
used in the treatment of children with attention deficits. Although 
most children with attention deficits have other associated dysfunc-
tions, such as language disorders, memory problems, motor weak-
nesses, or social skill deficits, medications such as methylphenidate, 
dextroamphetamine, lisdexamfetamine, and mixed amphetamine salts, 
as well as nonstimulants such as α2-adrenergic agonists and atomox-
etine, can be important adjuncts to treatment by helping some children 
focus more selectively and control their impulsivity. When depression 
or excessive anxiety is a significant component of the clinical picture, 

Table 49.3    � Executive Function Categories: Presenting Symptoms, Suggested Dysfunction, and Potential Interventions

SYMPTOM/PRESENTING 
COMPLAINT

SUSPECTED AREA 
OF DYSFUNCTION POSSIBLE “REAL-WORLD” INTERVENTIONS

Acts before thinking
Interrupts
Poor behavioral and/or  

emotional control

Inhibitory control Increase structure in environment to set limits for inhibition problems.
Make behavior and work expectations clear and explicit; review with child.
Post rules in view; point to them when child breaks rule.
Teach response-delay techniques (e.g., counting to 10 before acting).

Cannot follow multistep  
instructions

Forgetful

Working memory Repeat instructions as needed.
Keep instructions clear and concise.
Provide concrete references.

Struggles starting assignments/
tasks

Lacks initiative/motivation
Has trouble developing ideas/

strategies

Initiation Increase structure of tasks.
Establish and rely on routine.
Break tasks into smaller, manageable steps.
Place child with partner or group for modeling and cueing from peers.

Does not plan ahead
Uses trial-and-error approach

Planning Practice with tasks with only a few steps first.
Teach simple flow charting as a planning tool.
Practice with planning tasks (e.g., mazes).
Ask child to verbalize plan before beginning work.
Ask child to verbalize second plan if first does not work.
Ask child to verbalize possible consequences of actions before beginning.
Review incidents of poor planning/anticipation with child.

Work/belongings is/are “messy”
Random/haphazard problem 

solving
Procrastinates/does not  

complete tasks

Organization Increase organization of classroom and activities to serve as model, and help child 
grasp structure of new information.

Present framework of new information to be learned at the outset, and review again 
at the end of a lesson.

Begin with tasks with only a few steps and increase gradually.

Gets “stuck”
Trouble transitioning
Does not adapt to change

Flexibility/shifting Increase routine to the day.
Make schedule clear and public.
Forewarn of any changes in schedule.
Give “2-minute warning” of time to change.
Make changes from one task to the next or one topic to the next, clear and explicit.
Shifting may be a problem of inhibiting, so apply strategies for inhibition problems.
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A 9-year-old has persistent inattention and impulsivity at home and school for 9 months with
clear academic impairment. Which additional feature of the listed ADHD criteria must be
established?

A. Symptoms began before age 12 years

B. Only one symptom is required

C. Symptoms occur exclusively during psychosis

D. Symptoms must first emerge after age 15

E. A normal academic record is required
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Table 50.1    � DSM-5 Diagnostic Criteria for ADHD

A. �A persistent pattern of inattention and/or hyperactivity/impulsivity 
that interferes with functioning or development, as characterized 
by (1) and/or (2):

	 1.	� Inattention: Six (or more) of the following symptoms of 
inattention have persisted for ≥6 mo to a degree that is 
inconsistent with development level and that negatively affects 
directly on social and academic/occupational activities:

	 a.	� Often fails to give close attention to details or makes 
careless mistakes in schoolwork, at work, or during 
other activities (e.g., overlooks or misses details, work is 
inaccurate).

	 b.	� Often has difficulty sustaining attention in tasks or play 
activities.

	 c.	� Often does not seem to listen when spoken to directly.
	 d.	� Often does not follow through on instructions and fails to 

finish schoolwork, chores, or duties in the workplace (not 
the result of oppositional behavior or failure to understand 
instructions).

	 e.	� Often has difficulty organizing tasks and activities.
	 f.	� Often avoids, dislikes, or is reluctant to engage in tasks 

that require sustained mental effort (e.g., schoolwork, 
homework).

	 g.	� Often loses things necessary for tasks or activities (e.g., 
toys, school assignments, pencils, books, tools).

	 h.	� Is often easily distracted by extraneous stimuli.
	 i.	� Is often forgetful in daily activities.
	 2.	� Hyperactivity/impulsivity: Six (or more) of the following 

symptoms of inattention have persisted for ≥6 mo to a degree 
that is inconsistent with development level and that negatively 
affects directly on social and academic/occupational activities.

	 a.	� Often fidgets with hands or feet or squirms in seat.
	 b.	� Often leaves seat in classroom or in other situations in 

which remaining seated is expected.
	 c.	� Often runs about or climbs excessively in situations in which 

it is inappropriate (in adolescents or adults, may be limited 
to subjective feelings of restlessness).

	 d.	� Often has difficulty playing or engaging in leisure activities 
quietly.

	 e.	� Is often “on the go” or often acts as if “driven by a motor.”

	 f.	� Often talks excessively. Impulsivity.
	 g.	� Often blurts out answers before questions have been 

completed.
	 h.	� Often has difficulty awaiting turn.
	 i.	� Often interrupts or intrudes on others (e.g., butts into 

conversations or games).
B. Several inattentive or hyperactive/impulsive symptoms were  

present before 12 yr of age.
C. Several inattentive or hyperactive/impulsive symptoms are  

present in two or more settings (e.g., at school [or work] or at 
home) and are documented independently.

D. There is clear evidence of clinically significant impairment in 
social, academic, or occupational functioning.

E. Symptoms do not occur exclusively during the course of  
schizophrenia, or another psychotic disorder, and are not better  
accounted for by another mental disorder (e.g., mood disorder, 
anxiety disorder, dissociative disorder, personality disorder,  
substance intoxication or withdrawal).

CODE BASED ON TYPE
314.01 Attention-deficit/hyperactivity disorder, combined presentation: 

if both Criteria A1 and A2 are met for the past 6 mo.
314.00 Attention-deficit/hyperactivity disorder, predominantly  

inattentive presentation: if Criterion A1 is met but Criterion A2 is 
not met for the past 6 mo.

314.01 Attention-deficit/hyperactivity disorder, predominantly 
hyperactive-impulsive presentation: if Criterion A2 is met but  
Criterion A1 is not met for the past 6 mo.

Specify if:
Mild: Few, if any, symptoms in excess of those required to make the 

diagnosis are present, and if the symptoms result in no more than 
minor impairments in social and occupational functioning.

Moderate: Symptoms or functional impairment between “mild” and 
“severe” are present.

Severe: Many symptoms in excess of those required to make the 
diagnosis, or several symptoms that are particularly severe, are 
present, or the symptoms result in marked impairment in social or 
occupational functioning.

From American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed, Text Revision, Washington, DC: American Psychiatric Association; 2000, and 
Fifth Edition (Copyright 2013 American Psychiatric Association.)

Poor concentration Hyperactivity Impulsivity

Difficulties with
school work

Struggle to
be organized

Constantly
on the go

Less aware
of danger

Strained family and
peer relationships

Questions to ask 

Is school attainment
below what is
expected?
 
Do instructions often
need to be repeated? 

Do they: 

Lose things?
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Fig. 50.1  How to assess children for attention-deficit/hyperactivity disorder. (From Verkuijl N, Perkins M, Fazel M. Childhood attention-deficit/
hyperactivity disorder. BMJ. 2015;350:h2168, Fig. 2, p. 146.)
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An adolescent has clinically significant inattentive symptoms without the minimum
hyperactive/impulsive symptoms. Which comparison in the table explains why DSM-5 ADHD
may still be diagnosed whereas older ICD-10 hyperkinetic disorder criteria might not be met?

A. DSM-5 permits either inattentive or hyperactive/impulsive symptom domains

B. DSM-5 always requires symptoms in only one classroom

C. ICD-10 excludes all inattention

D. DSM-5 requires a coexisting tic disorder

E. ICD-10 has no symptom requirements
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DSM-5 identifies three presentations of ADHD: the inattentive pre-
sentation, hyperactive-impulsive presentation, and combined presen-
tation. Clinical manifestations of ADHD may change with age; thus the 
specific ADHD presentation for an individual may not be stable over 
time but describes current symptomatology (see Fig. 50.2). The symp-
toms may vary from motor restlessness and aggressive and disruptive 
behavior, which are common in preschool children, to disorganized, 
distractible, and inattentive symptoms, which are more typical in older 
adolescents and adults. Although hyperactivity generally decreases in 
late childhood and adolescence, symptoms of impulsivity and inatten-
tion often persist. Females with ADHD are relatively more likely than 
males to be diagnosed with the inattentive presentation, and this pre-
sentation is more commonly associated with internalizing symptoms 
(anxiety and low mood). 

DIAGNOSIS
An evaluation for ADHD should be initiated in any child ≥4 years 
of age with symptoms of inattention, hyperactivity, and/or impul-
sivity (Fig. 50.4). This evaluation includes a careful history and 

clinical interview to rule in ADHD or to identify other causes or 
contributing factors, completion of behavior rating scales by differ-
ent observers from at least two settings (e.g., teacher and parent), 
and a physical examination. It is important to systematically gather 
and evaluate information from a variety of sources, including the 
child, parents, teachers, and, when appropriate, other caretakers or 
professionals involved in the child’s care.

The evaluation for ADHD may require several office visits. A thor-
ough assessment should be conducted at the time of initial diagnosis, 
and reevaluation should occur if there are worsening or new symp-
toms, given the common occurrence of coexisting conditions.

Clinical Interview and History
The clinical interview allows a comprehensive understanding of 
whether the symptoms meet the diagnostic criteria for ADHD and to 
assess for coexisting conditions. The interview should collect infor-
mation about the history and duration of presenting problems, the 
child’s attainment of developmental milestones, school performance, 
social skills, mood, sleep, medical illnesses, sensory impairments, or 

Table 50.2    � Differences Between U.S. and European Criteria for ADHD or HKD

DSM-5 ADHD ICD-10 HKD ICD-11 ADHD*

SYMPTOMS

Either or both of the following:
	•	 �At least 6 of 9 inattentive symptoms
•	 �At least 6 of 9 hyperactive or 

impulsive symptoms

All of the following:
	 •	 �At least 6 of 8 inattentive symptoms
	 •	 �At least 3 of 5 hyperactive symptoms
	 •	 �At least 1 of 4 impulsive symptoms

No minimum numbers of symptoms but must have:
	 •	 �Persistent pattern (≥6 mo) of inattention and/or 

hyperactivity-impulsivity that has a direct negative impact 
on academic, occupational, or social functioning

PERVASIVENESS
Some impairment from symptoms is 

present in one or more settings
Criteria are met for one or more settings Symptoms must be evident across multiple situations 

or settings but are likely to vary according to the 
structure and demands of the setting

*ICD-11 went into effect on January 1, 2022.
ADHD, Attention-deficit/hyperactivity disorder; HKD, hyperkinetic disorder; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; ICD-10, International 

Classification of Diseases, Tenth Edition.
Modified from Biederman J, Faraone S. Attention-deficit hyperactivity disorder. Lancet. 2005;366:237–248.
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Fig. 50.2  Possible developmental impacts of attention-deficit/hyperactivity disorder. (From Verkuijl N, Perkins M, Fazel M. Childhood attention-
deficit/hyperactivity disorder. BMJ. 2015;350:h2168, Fig. 1, p. 145.)
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A school-aged child is referred for inattentiveness and restless behavior but also snores loudly
every night and has daytime sleepiness. Which listed ADHD mimic should be assessed?

A. Obstructive sleep apnea

B. Familial tall stature

C. Uncomplicated eczema

D. Dental eruption

E. Primary color blindness
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mathematics, or written expression often coexist with ADHD (see 
Chapters 51 and 52). If there has been slow attainment of develop-
mental milestones, intelligence or developmental testing should be 
conducted. If there are concerns about a child’s social communica-
tion skills combined with restricted, repetitive behaviors or interests, 
a clinical assessment for autism spectrum disorder may be indicated 
(see Chapter 58). 

Differential Diagnosis and Coexisting Conditions
Given that the symptoms of ADHD can overlap with other conditions, 
a broad differential diagnosis should be considered. For ease of pre-
sentation, the differential diagnosis for ADHD can be grouped into 
specific categories of developmental, psychiatric, medical, and psy-
chosocial (Table 50.3). Children at either end of the developmental/
cognitive level (i.e., with significant cognitive delays or with superior 
intelligence) can appear inattentive and/or distracted and sometimes 
also disruptive if the material in school or expectations at home are not 
appropriate for their developmental level. In differentiating impulsivity 
and challenging behaviors associated with ADHD versus an external-
izing disorder (oppositional defiant disorder [ODD] or conduct disor-
der), consider whether the child “acts without thinking” and/or is more 
reactive (easily upset over demands for sustained attention or other 
small triggers), which would be more consistent with ADHD, versus 
proactively looks to aggress, fight, and challenge authority, which may 
be indicative of an externalizing disorder. Tic disorders can both pres-
ent with some symptoms similar to ADHD (e.g., fidgeting, squirming, 
making sounds that seem impulsive) and also commonly coexist with 
ADHD. For cases in which ADHD symptoms are reported in one set-
ting but not another, psychosocial causes should be considered, such 
as unrealistic classroom expectations, distress at home, or untoward 
parenting strategies. However, clinicians should be aware that inappro-
priate parenting strategies may be the result of the child’s ADHD, as 
parents try anything (often unsuccessfully) to help their child. These 
parents are in need of parenting and behavioral supports, without feel-
ing blamed for their child’s symptoms.

Sleep disorders, including those secondary to chronic upper air-
way obstruction from enlarged tonsils and adenoids, often result in 

behavioral and emotional symptoms that can resemble or exacerbate 
ADHD (see Chapter 31). Periodic leg movements of sleep/restless legs 
syndrome have been associated with symptoms of inattention, and 
inquiry regarding this should be made during the history. Behavioral 
and emotional disorders can cause disrupted sleep patterns as well.

Mental health disorders: Depression and anxiety disorders can 
cause many of the same symptoms as ADHD (inattention, restlessness, 
inability to focus and concentrate on work, poor organization, forget-
fulness) but can also coexist with ADHD (see Chapters 38 and 39). 
Obsessive-compulsive disorder can mimic ADHD, particularly when 
recurrent and persistent thoughts, impulses, or images are intrusive, 
interfering with normal daily activities. Adjustment disorders second-
ary to major life stresses (death of a close family member, parents’ 
divorce, family violence, parents’ substance abuse, or a move) or par-
ent–child relationship disorders involving conflicts over discipline, 
overt child abuse and/or neglect, or overprotection can result in symp-
toms similar to those of ADHD.

When considering a new diagnosis in an adolescent patient, there 
should be an opportunity to interview the adolescent privately, and 
the adolescent should be specifically asked about mood symptoms and 
psychosocial stressors; frequent digital media use; and screened for use 
of alcohol, marijuana, and illicit substances. 

TREATMENT
Overall Treatment Approach
ADHD is considered a chronic condition and should be managed as 
such, with education about ADHD at the time of diagnosis and regular 
follow-up visits to monitor and treat symptoms. Parent support groups 
with appropriate professional consultation to such groups can be 
very helpful. Treatment of ADHD should be multimodal and involve 
behavioral therapy, school-based supports, and/or medications. The 
treatment plan should be developed in collaboration with the child (if 
developmentally appropriate) and family. The recommended initial 
treatments for ADHD vary by age.

Preschool-age children: For children up until 6 years of age, the 
recommended first-line treatment is evidence-based parent- and/or 
teacher-administered behavior therapy. If behavior interventions do 
not provide significant improvements and there is moderate to severe 
impairment in the child’s functioning as a result of ADHD symptoms, 
medication should be considered. If behavioral interventions are not 
available, the risks of medication should be compared with risks of not 
treating ADHD symptoms.

School-age children and adolescents: For children ages 6 years old 
and older, ADHD medications should be considered first-line treat-
ment, along with behavior and educational interventions. Organiza-
tional skills training, coaching, or cognitive-behavioral therapy may be 
helpful for adolescents and adults.

Behaviorally Oriented Treatments
Behavioral interventions should be an integral part of the treatment plan 
for all children with ADHD. Behavioral interventions involve modify-
ing the environment and empowering caregivers with strategies to pro-
mote positive behaviors and minimize negative behaviors. Behavioral 
strategies typically focus on promoting a limited number of well-defined 
appropriate behaviors, using positive reinforcement with increased adult 
attention, tangible rewards, or access to privileges. A token economy in 
which a child earns (or loses) tokens that can be exchanged for rewards 
may be used. Any rules should be clearly defined and consistently 
enforced. Behavioral parent training, also known as parent training in 
behavioral management, is a well-established combination of behavioral 
interventions shown to reduce problematic behaviors and improve adap-
tive skills for children with ADHD. It involves teaching parents how to 
use behavior modification strategies to address specific behaviors, with 
a strong emphasis on positive reinforcement (described earlier) while 
ignoring or, if necessary, systematically implementing appropriate con-
sequences for maladaptive behaviors. Treatments geared toward behav-
ioral management for ADHD often occur in the time frame of 8-12 
sessions but may sometimes require more sessions.

Table 50.3    � Differential Diagnosis of Attention-Deficit/ 
Hyperactivity Disorder (ADHD)

GENERAL 
CATEGORY SPECIFIC CONDITIONS, CAUSES

Developmental Low developmental level/cognitive abilities
Very high cognitive abilities
Specific learning disabilities in reading,  

mathematics, or written expression
Communication or language disorder
Autism spectrum disorder
Fetal alcohol syndrome

Psychiatric Anxiety/depression
Oppositional defiant disorder/conduct disorder
Bipolar disorder/disruptive mood dysregulation 

disorder
Substance use disorder
Posttraumatic stress disorder/adjustment disorder

Medical Sleep disorder, obstructive sleep apnea
Hearing or vision impairment
Specific medications, such as some antiepileptics 

or high-dose steroids
Thyroid disorders
Tic disorders
Posttraumatic head injury or encephalitis
Genetic conditions, such as fragile X, Klinefelter 

syndrome, Turner syndrome, tuberous sclerosis, 
and neurofibromatosis

Psychosocial Response to abuse, neglect
Response to distress in home, inappropriate 

expectations or parenting practices
Response to inappropriate classroom setting
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A child repeatedly scores below the 20th percentile on math progress monitoring and the
teacher reports inability to advance to the next math concept. Which interpretation best follows
the table?

A. Findings raise concern for a mathematics learning disability and justify evaluation

B. A family history is required before any evaluation

C. The pattern proves a global intellectual disability

D. Academic progress should be checked only in adulthood

E. Concern is excluded because the child attends school

Original table 52.2  |  Nelson printed p. 321  |  PDF p. 368
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Awareness that most public school systems have implemented some 
form of an RtI model to identify LDs allows the primary care physician 
to encourage parents to return to the school seeking an intervention 
to address their child’s concern. Receiving special education services 
in the form of an IEP may be necessary for some children. However, 
the current approach to identifying children with an LD allows school 
systems to intervene earlier, when problems arise, and potentially avoid 
the need for an IEP. Pediatricians with patients whose parents have 
received feedback from school with any of the risk factors outlined in 
Table 52.2 should encourage the parents to discuss an intervention plan 
with the child’s teacher.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

52.2  Writing Disabilities
Kenneth L. Grizzle and Brittany J. Bice-Urbach

Oral language is a complex process that typically develops in the 
absence of formal instruction. In contrast, written language requires 
instruction in acquisition (word reading), understanding (reading 
comprehension), and expression (spelling and composition). Unfor-
tunately, despite reasonable pedagogy, a subset of children struggle 
with development in one or several of these areas. The disordered 
output of written language is currently referred to within the Diag-
nostic and Statistical Manual for Mental Disorders, Fifth Edition 
(DSM-5) as a specific learning disorder with impairment in writ-
ten expression (Table 52.3).

Various terminology has been used when referring to individuals 
with writing deficits; this subchapter uses the term impairment in 
written expression (IWE) rather than “writing disorder” or “disor-
der of written expression.” Dysgraphia is often used when referring 
to children with writing problems, sometimes synonymously with 
IWE, though the two are related but distinct conditions. Dysgraphia 

is primarily a deficit in motor output (paper/pencil skills), and IWE 
is a conceptual weakness in developing, organizing, and elaborating 
on ideas in writing.

The diagnoses of IWE and dysgraphia are made largely based on 
phenotypical presentation; spelling, punctuation, grammar, clar-
ity, and organization are factors to consider with IWE concerns. 
Aside from these potentially weak writing characteristics, however, 
no other guidelines are offered. Based on clinical experience and 
research into the features of writing samples of children with disor-
dered writing skills, one would expect to see limited output, poor 
organization, repetition of content, and weak sentence structure 
and spelling despite the child taking considerable time to produce 
a small amount of content. For those with comorbid dysgraphia, 
the legibility of their writing product will also be poor, sometimes 
illegible.

Table 52.3    � DSM-5 Diagnostic Criteria for Specific Learning 
Disability with Impairment in Written Expression

	A.	�Difficulties learning and using academic skills that have persisted 
for at least 6 months, despite the provision of interventions that 
target those difficulties.
Difficulties with written expression (e.g., makes multiple grammatical 

or punctuation errors within sentences; employs poor paragraph 
organization; written expression of ideas lacks clarity).

	B.	� The affected academic skills are substantially and quantifiably 
below those expected for the individual’s chronologic age and 
cause significant interference with academic or occupational 
performance or with activities of daily living, as confirmed by  
individually administered standardized achievement measures 
and comprehensive clinical assessment. For individuals age 17 
years and older, a documented history of impairing learning 
difficulties may be substituted for the standardized assessment.

	C.	�The learning difficulties begin during school-age years but may 
not become fully manifest until the demands for those affected 
academic skills exceed the individual’s limited capacities (e.g., as 
in timed tests, reading or writing lengthy complex reports for a 
tight deadline, excessively heavy academic loads).

	D.	�The learning difficulties are not better accounted for by intellectual 
disabilities, uncorrected visual or auditory acuity, other mental or 
neurologic disorders, psychosocial adversity, lack of proficiency in 
the language of academic instruction, or inadequate educational 
instruction.

315.2 (F81.81) With impairment in written expression:
Spelling accuracy
Grammar and punctuation accuracy
Clarity or organization of written expression
Specify current severity:
Mild: Some difficulties learning skills in one or two academic  

domains, but of mild enough severity that the individual may be 
able to compensate or function well when provided with appropriate  
accommodations or support services, especially during the school 
years.

Moderate: Marked difficulties learning skills in one or more academic 
domains, so that the individual is unlikely to become proficient 
without some intervals of intensive and specialized teaching during 
the school years. Some accommodations or supportive services at 
least part of the day at school, in the workplace, or at home may be 
needed to complete activities accurately and efficiently.

Severe: Severe difficulties learning skills, affecting several academic 
domains, so that the individual is unlikely to learn those skills without 
ongoing intensive individualized and specialized teaching for most of 
the school years. Even with an array of appropriate accommodations  
or services at home, at school, or in the workplace, the individual may 
not be able to complete all activities efficiently.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. Washington, 
DC: American Psychiatric Association; 2013:66–67.

Table 52.1    � Parent Resources for the Child with Math 
Learning Disability

Let’s Talk About Math. Available from http://www.zerotothree.org/p
arenting-resources/early-math-video-series. Accessed September 
19, 2021.

Mixing in Math. Available from https://www.terc.edu/mixinginmath/. 
Accessed September 19, 2021.

PBS Parents. Math resources available to parents through the Public 
Broadcasting Service website. Accessed September 19, 2021.

http://www.pbs.org/parents/earlymath/index.html
http://www.pbs.org/parents/education/math/
Understood: Math. Available from https://www.understood.org/topi

cs/en/math.
U.S. Department of Education. Helping your child learn 

mathematics. Available from https://www2.ed.gov/parents/academ
ic/help/math/index.html. Accessed September 19, 2021.

Table 52.2    � Risk Factors for a Specific Learning Disability 
Involving Mathematics

The child is at or below the 20th percentile in any math area, as 
reflected by standardized testing or ongoing measures of progress 
monitoring.

The teacher expresses concerns about the child’s ability to “take the 
next step” in math.

There is a positive family history for math learning disability (this 
alone will not initiate an intervention).

Parents think they have to “reteach” math concepts to their child.
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A 10-year-old continues to make severe grammar and paragraph-organization errors after 7
months of targeted instruction; individually administered tests show achievement well below
age expectations. Which diagnosis best fits?

A. Specific learning disorder with impairment in written expression

B. Oppositional defiant disorder

C. Specific phobia

D. Tourette disorder

E. Transient developmental variation

Original table 52.3  |  Nelson printed p. 321  |  PDF p. 368
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Awareness that most public school systems have implemented some 
form of an RtI model to identify LDs allows the primary care physician 
to encourage parents to return to the school seeking an intervention 
to address their child’s concern. Receiving special education services 
in the form of an IEP may be necessary for some children. However, 
the current approach to identifying children with an LD allows school 
systems to intervene earlier, when problems arise, and potentially avoid 
the need for an IEP. Pediatricians with patients whose parents have 
received feedback from school with any of the risk factors outlined in 
Table 52.2 should encourage the parents to discuss an intervention plan 
with the child’s teacher.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

52.2  Writing Disabilities
Kenneth L. Grizzle and Brittany J. Bice-Urbach

Oral language is a complex process that typically develops in the 
absence of formal instruction. In contrast, written language requires 
instruction in acquisition (word reading), understanding (reading 
comprehension), and expression (spelling and composition). Unfor-
tunately, despite reasonable pedagogy, a subset of children struggle 
with development in one or several of these areas. The disordered 
output of written language is currently referred to within the Diag-
nostic and Statistical Manual for Mental Disorders, Fifth Edition 
(DSM-5) as a specific learning disorder with impairment in writ-
ten expression (Table 52.3).

Various terminology has been used when referring to individuals 
with writing deficits; this subchapter uses the term impairment in 
written expression (IWE) rather than “writing disorder” or “disor-
der of written expression.” Dysgraphia is often used when referring 
to children with writing problems, sometimes synonymously with 
IWE, though the two are related but distinct conditions. Dysgraphia 

is primarily a deficit in motor output (paper/pencil skills), and IWE 
is a conceptual weakness in developing, organizing, and elaborating 
on ideas in writing.

The diagnoses of IWE and dysgraphia are made largely based on 
phenotypical presentation; spelling, punctuation, grammar, clar-
ity, and organization are factors to consider with IWE concerns. 
Aside from these potentially weak writing characteristics, however, 
no other guidelines are offered. Based on clinical experience and 
research into the features of writing samples of children with disor-
dered writing skills, one would expect to see limited output, poor 
organization, repetition of content, and weak sentence structure 
and spelling despite the child taking considerable time to produce 
a small amount of content. For those with comorbid dysgraphia, 
the legibility of their writing product will also be poor, sometimes 
illegible.

Table 52.3    � DSM-5 Diagnostic Criteria for Specific Learning 
Disability with Impairment in Written Expression

	A.	�Difficulties learning and using academic skills that have persisted 
for at least 6 months, despite the provision of interventions that 
target those difficulties.
Difficulties with written expression (e.g., makes multiple grammatical 

or punctuation errors within sentences; employs poor paragraph 
organization; written expression of ideas lacks clarity).

	B.	� The affected academic skills are substantially and quantifiably 
below those expected for the individual’s chronologic age and 
cause significant interference with academic or occupational 
performance or with activities of daily living, as confirmed by  
individually administered standardized achievement measures 
and comprehensive clinical assessment. For individuals age 17 
years and older, a documented history of impairing learning 
difficulties may be substituted for the standardized assessment.

	C.	�The learning difficulties begin during school-age years but may 
not become fully manifest until the demands for those affected 
academic skills exceed the individual’s limited capacities (e.g., as 
in timed tests, reading or writing lengthy complex reports for a 
tight deadline, excessively heavy academic loads).

	D.	�The learning difficulties are not better accounted for by intellectual 
disabilities, uncorrected visual or auditory acuity, other mental or 
neurologic disorders, psychosocial adversity, lack of proficiency in 
the language of academic instruction, or inadequate educational 
instruction.

315.2 (F81.81) With impairment in written expression:
Spelling accuracy
Grammar and punctuation accuracy
Clarity or organization of written expression
Specify current severity:
Mild: Some difficulties learning skills in one or two academic  

domains, but of mild enough severity that the individual may be 
able to compensate or function well when provided with appropriate  
accommodations or support services, especially during the school 
years.

Moderate: Marked difficulties learning skills in one or more academic 
domains, so that the individual is unlikely to become proficient 
without some intervals of intensive and specialized teaching during 
the school years. Some accommodations or supportive services at 
least part of the day at school, in the workplace, or at home may be 
needed to complete activities accurately and efficiently.

Severe: Severe difficulties learning skills, affecting several academic 
domains, so that the individual is unlikely to learn those skills without 
ongoing intensive individualized and specialized teaching for most of 
the school years. Even with an array of appropriate accommodations  
or services at home, at school, or in the workplace, the individual may 
not be able to complete all activities efficiently.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. Washington, 
DC: American Psychiatric Association; 2013:66–67.

Table 52.1    � Parent Resources for the Child with Math 
Learning Disability

Let’s Talk About Math. Available from http://www.zerotothree.org/p
arenting-resources/early-math-video-series. Accessed September 
19, 2021.

Mixing in Math. Available from https://www.terc.edu/mixinginmath/. 
Accessed September 19, 2021.

PBS Parents. Math resources available to parents through the Public 
Broadcasting Service website. Accessed September 19, 2021.

http://www.pbs.org/parents/earlymath/index.html
http://www.pbs.org/parents/education/math/
Understood: Math. Available from https://www.understood.org/topi

cs/en/math.
U.S. Department of Education. Helping your child learn 

mathematics. Available from https://www2.ed.gov/parents/academ
ic/help/math/index.html. Accessed September 19, 2021.

Table 52.2    � Risk Factors for a Specific Learning Disability 
Involving Mathematics

The child is at or below the 20th percentile in any math area, as 
reflected by standardized testing or ongoing measures of progress 
monitoring.

The teacher expresses concerns about the child’s ability to “take the 
next step” in math.

There is a positive family history for math learning disability (this 
alone will not initiate an intervention).

Parents think they have to “reteach” math concepts to their child.
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A child understands instructions and uses grammatically normal sentences but consistently
misproduces speech sounds, making words hard to understand. Which domain is most directly
impaired?

A. Speech production

B. Receptive language

C. Pragmatic language

D. Working memory

E. Written language
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Table 53.1    � Definitions of Basic Terms in Communication, Language, and Speech

TERM DEFINITION EXAMPLES

Communication 	•	� Broad umbrella term that encompasses  
understanding and producing language, speech, 
nonverbal communicative gestures, and written 
language

	•	� Humans share ideas using verbal or signed speech 
and language

	•	� Nonverbal communicative gestures include  
nodding one’s head up and down to convey “yes” 
in some cultures

Language 	•	� Verbal, signed, written, or other systems that use 
arbitrary but conventional, rule-governed symbols 
to communicate about objects, events, and ideas 
in the past, present, and future

	•	� Verbal symbols include words (e.g., apple in 
English or manzana in Spanish, both of which 
represent a red, tasty fruit)

	•	� Signed symbols include the word apple in  
American Sign Language, produced by the twist of 
the knuckle of the index finger on the cheek

Speech 	•	� Perception of the meaningful units of sounds 
that comprise verbal language and production of 
these sounds by coordinating the mouth, tongue, 
airflow, and vibration of the vocal folds

	•	� Speech sounds or phonemes make a difference in 
meaning (e.g., b, p, a, i, and t affect the meaning 
of bat, bit, pat, and pit)

	•	� Speech does not include all vocal sounds, such as 
coughs or throat clearing

	•	� Phonemes in sign language are based on spatial, 
temporal features, such as hand shape

Receptive language 	•	� Hearing and understanding verbal or sign  
language

	•	� Recognizing own name
	•	� Following two-step directions

Expressive language 	•	� Speaking using verbal or sign language 	•	� Speaking first words or signs in a sign language
	•	� Telling stories

Phonology 	•	� The system of relationships among speech sounds 
or phonemes that constitute a fundamental  
component of language

	•	� Understanding seetheredball can be segmented 
into see the red ball

	•	� Babbling, consonant-vowel combinations that use 
phonemes

Lexicon 	•	� All of the words or vocabulary of a person or a 
language

	•	� The lexicon of the mathematician may vary from 
the lexicon of the lawyer

Morphology 	•	� Units of meaning that can be combined to form 
vocabulary

	•	� In English dogs is made of two morphemes, dog 
and the plural -s; untie is made of un- and tie

Syntax 	•	� Grammar and word order to make sentences 	•	� In English word order, the dog chases the cat, 
while in Hindi word order, the cat the dog chases

Pragmatics 	•	� Verbal and nonverbal communication skills that 
govern how language and communication are 
used in context

	•	� Includes intonation, facial expression, and body 
language

	•	� Use of eye contact and gestures to make a point 
forcefully

	•	� The timing and responsiveness between  
communication partners (e.g., engaging, responding, 
and maintaining reciprocal exchanges)

Nonliteral or figurative language 
skill

	•	� Meaning of a word or phrase that is not literal but 
understood in context

	•	� Hints (e.g., a teacher saying, “I think I hear children 
talking”)

	•	� Idioms (e.g., “Give me a hand”)
	•	� Metaphor (e.g., “You are my sunshine”)
	•	� Hyperbole (e.g., “That’s the biggest thing I’ve ever 

seen!”)

Advanced language skills 	•	� Ability to listen, speak, read, write, and reason  
using language

	•	� Academic language
	•	� Ability to debate and deliver speeches

Literacy skills 	•	� Skills required for reading and writing 	•	� Reading an alphabetic language requires  
awareness of the sounds of language, print, and 
the relationship between letters and sounds

	•	� Spelling is a literacy skill

Bilingualism and multilingualism 	•	� Ability to speak and/or sign two or more  
languages

	•	� Ability to communicate verbally in Chinese and 
English

	•	� Ability to communicate verbally in English and to 
use American Sign Language

	•	� Ability to use Chinese, English, and American Sign 
Language

Biliteracy and multiliteracy 	•	� Ability to read and write in two or more languages 	•	� Ability to read and write Chinese, Spanish, and 
English

Phonologic processes 	•	� Errors in speech production that affect more than 
a single sound and are based on violations of 
predictable, rule-based features

	•	� Fronting, when a sound that should be made in 
the back of the mouth (cat) is made in the front of 
the mouth (tat)

	•	� Cluster reduction, when a consonant cluster (as in 
stop) is reduced to a single consonant (top)
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At a well visit, a 12-month-old responds to a request such as “come here” and uses a first
word. Which age band of communication development in the table is the closest match?

A. Birth to 3 months

B. 4 to 6 months

C. 7 to 12 months

D. 3 to 4 years

E. 4 to 5 years

Original table 53.2  |  Nelson printed p. 326  |  PDF p. 373

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 30
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pragmatic skills is the ability to adapt how to narrate events or stories 
for different audiences (e.g., friends vs teachers). 

Advanced Language Skills
Once children enter school, they continue to develop new vocabulary 
and use increasingly complex sentence constructions to communicate 
about abstract, hypothetical, and imaginary topics. By adolescence, 
many students in Westernized school systems are required to deliver 

expository speeches or to debate. Formal schooling also affords new 
situations to communicate with a broader network of individuals, 
including teachers, coaches, and supervisors. The diversity of the situ-
ations requires nuanced attention to social rules and conventions and 
increases exposure to diverse forms of nonliteral language use, though 
proficiency in the use of nonliteral language varies by the language 
and culture of the speaker and addressee. Finally, the introduction 
of formal schooling presents children with the demands of acquiring 

Table 53.2    � Speech, Language, and Communication Milestones from Birth to 5 Years, Based on Typically Developing Children 
Acquiring a Single Verbal Language

HEARING AND UNDERSTANDING SPEAKING

BIRTH TO 3 MO

	•	� Startles at loud sounds
	•	� Recognizes voices and quiets if crying
	•	� Turns head toward sounds
	•	� Watches faces
	•	� Quiets or smiles when spoken to

	•	� Makes pleasure sounds (cooing, gooing)
	•	� Cries differently for different needs

4-6 MO
	•	� Moves eyes in direction of sounds
	•	� Responds to changes in tone of voice
	•	� Notices music and sounds
	•	� Recognizes familiar people and things at a distance

	•	� Vocalizes differently to show excitement, being tired, or in pain
	•	� Makes sounds when alone and when playing
	•	� Makes babbling sounds that are speechlike and uses consonant 

sounds, such as p, b, and m
	•	� Reaches for toys or objects
	•	� Engages in turn-taking and protoconversations

7-12 MO
	•	� Listens when spoken to
	•	� Turns and looks in direction of sounds
	•	� Enjoys social games, such as peek-a-boo and pat-a-cake
	•	� Responds to own name
	•	� Recognizes words for common items, such as cup, shoe, and juice
	•	� Begins to respond to simple requests (Come here; Want more?) or 

No
	•	� Looks when an adult points at something

	•	� Uses speech sounds or gestures to get and keep attention and to 
respond to others

	•	� Imitates different speech sounds and gestures
	•	� Babbles with long and short groups of sounds, such as bababa upup 

bibi, and mixes different syllables, such as badadeda
	•	� Says one or two words (bye-bye, dada, mama)
	•	� Points to or shows things to spontaneously share interest with  

familiar people
	•	� Uses gestures such as waving for hi and bye or shaking head for no

1-2 YR
	•	� Listens to simple stories, songs, and rhymes
	•	� Follows simple commands and understands simple questions (Roll 

the ball; Kiss the baby; Where’s your shoe?)
	•	� Points to things when asked or when named such as body parts and 

objects

	•	� Learns to say more words every month
	•	� Uses some one- and two-word questions (Where kitty? Go bye-bye? 

What’s that?)
	•	� Combines two words in their own ways (more cookie, no juice, 

mommy book)
	•	� Uses consonant sounds such as p, b, m, h, and w in English

2-3 YR
	•	 �Understands differences in meaning (e.g., go–stop, in–on, big–little, 
up–down)

	•	� Follows two-step requests (Get the book and put it on the table.)

	•	� Often asks for or directs attention to objects by naming them
	•	� Has a word for almost everything
	•	� Uses prepositions like in, on, and under
	•	� Often uses two- to three-word “sentences”
	•	� Speech is mostly understood by familiar listeners
	•	� Uses consonant sounds such as k, g, f, t, d, and n in English

3-4 YR
	•	� Understands simple who, what, where, and why questions
	•	� Understands words for colors like red, blue, or green and shapes like 

circle or square
	•	� Responds when you call from another room

	•	� Uses pronouns like I, you, me, we, and they
	•	� Uses sentences that have four or more words with more complex 

grammar such as negative (I no want to) and questions
	•	� Talks about activities outside the home
	•	� Usually understood by people outside the family

4-5 YR
	•	� Hears and understands most of what is said at home and in school
	•	� Pays attention to a short story and answers simple questions about it
	•	� Understands words for time like yesterday, today, and tomorrow
	•	� Understands words for order like first, next, and last
	•	� Follows longer directions such as (Find an animal you like, draw a 

circle around it, and bring the paper to me)

	•	� Uses sentences that include details (I like to read my books) and  
different action words like jump or play; may still make some  
grammar mistakes (I gots one game and he got three games)

	•	� Tells simple stories using mostly full sentences
	•	� Communicates easily with other children and adults
	•	� Says most sounds correctly except a few that are harder to say, such 

as l, s, r, v, z, ch, sh, and th in English

Milestones may not apply to bilingual children, children exposed to sign languages, children learning a second language, and children with language and learning disorders
For Spanish translations and more information, including activities for families:
• American Speech-Language-Hearing Association: http://www.asha.org/public/speech/development/chart.htm
• The American Academy of Pediatrics: https://healthychildren.org/English/Pages/default.aspx
• Centers for Disease Control and Prevention Milestones checklist: https://www.cdc.gov/ncbddd/actearly/milestones/index.html
Adapted from the American Speech-Language-Hearing Association (2021), the American Academy of Pediatrics (2009), and the Centers for Disease Control and Prevention  
Milestones checklist (2021).
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An 8-year-old has age-inappropriate difficulties understanding spoken directions and
producing sentences, with academic impairment despite adequate hearing. Which diagnosis
from the criteria table best fits?

A. Language disorder

B. Speech sound disorder

C. Childhood-onset fluency disorder

D. Selective mutism

E. Panic disorder

Original table 53.3  |  Nelson printed p. 330  |  PDF p. 377

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 1
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Cerebellar Mutism Syndrome
In the aftermath of operations for tumors in the posterior fossa, such as 
medulloblastoma, many children lose the ability to speak. Fortunately, 
though the presentation is initially profound, most children recover the 
ability to use language. Cerebellar mutism syndrome demonstrates 
that the cerebellum probably plays a fundamental role in language and 
communication. The syndrome is thought to result from damage to the 
superior cerebellar peduncle that connects the cerebellum to language 
centers in the frontal lobes. 

Stroke
Strokes in childhood can occur prenatally, in the perinatal period, or at 
any time in childhood. As in adults, a brain territory frequently affected 
is supplied by the middle cerebral artery resulting in damage to the left 
frontal and temporal lobes that are associated with language function 
in adults. However, young children with stroke show greater plasticity 
of language function than do adults with similar brain injuries. Many 
children with left hemisphere stroke go on to demonstrate typical or 
near-typical language functions. Functional imaging studies document 
that these children activate uninjured regions of the left hemisphere 
around the stroke or homologous regions in the right hemisphere. 
This demonstrates that though under usual circumstances the left 
hemisphere serves language, alternative networks can substitute in the 
case of early injury. The quality of the home language environment is 
strongly associated with the language skills of children with strokes. 

Metabolic and Neurodegenerative Disorders (see 
Part IX and Chapter 639)
Regression of language development may accompany loss of neuromo-
tor function at the outset of a number of metabolic diseases, includ-
ing lysosomal storage disorders (metachromatic leukodystrophy), 

peroxisomal disorders (adrenal leukodystrophy), ceroid lipofusci-
nosis (Batten disease), and mucopolysaccharidosis (Hunter disease, 
Hurler disease). A creatine transporter deficiency was identified as an 
X-linked disorder that manifests with language delay in males and with 
mild learning disability in female carriers. 

Hydrocephalus (see Chapter 631.11)
Children with hydrocephalus may be described as having cocktail-
party syndrome. In this syndrome, children may use sophisticated 
words, but their comprehension of abstract concepts is limited, prag-
matic conversational skills are weak, their analyses are superficial, and/
or they appear to be carrying on a monologue. 

Language in the Context of Psychologic or Mental 
Health Conditions
Selective Mutism
In selective mutism, children do not speak in specific social situations, 
such as school or other settings outside the home, though they speak 
normally in certain settings, such as within their home or when they 
are alone with their parents. Other symptoms include excessive shy-
ness, withdrawal, dependency on parents, and oppositional behavior. 
Most cases of selective mutism are the manifestation of a chronic pat-
tern of anxiety. Children with selective mutism often report that they 
want to speak in social settings but are too afraid, worried, or distressed 
to do so. The family history is often positive for anxiety symptoms. 
Children with selective mutism may also have a language or speech 
impairment, contributing to their sense of distress in speaking. Treat-
ment of selective mutism generally uses evidence-based approaches to 
reducing general anxiety, including cognitive-behavioral therapy and/
or selective serotonin reuptake inhibitors in conjunction with speech-
language therapy. 

Table 53.3    � DSM-5 Diagnostic Criteria for Communication Disorders

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. Washington, DC: American Psychiatric Association; 2013:42, 44, 47–48.

LANGUAGE DISORDER

	A.	�Persistent difficulties in the acquisition and use of language across 
modalities (i.e., spoken, written, sign language, or other) due to 
deficits in comprehension or production that include the following:

	 1.	� Reduced vocabulary (word knowledge and use).
	 2.	� Limited sentence structure (ability to put words and word  

endings together to form sentences based on the rules of 
grammar and morphology).

	 3.	� Impairments in discourse (ability to use vocabulary and connect 
sentences to explain or describe a topic or series of events or 
have a conversation).

	B.	� Language abilities are substantially and quantifiably below those 
expected for age, resulting in functional limitations in effective 
communication, social participation, academic achievement, or 
occupational performance, individually or in any combination.

	C.	�Onset of symptoms is in the early developmental period.
	D.	�The difficulties are not attributable to hearing or other sensory 

impairment, motor dysfunction, or another medical or neurologic 
condition and are not better explained by intellectual disability 
(intellectual developmental disorder) or global developmental delay.

SPEECH SOUND DISORDER
	A.	�Persistent difficulty with speech sound production that interferes 

with speech intelligibility or prevents verbal communication of 
messages.

	B.	� The disturbance causes limitations in effective communication 
that interfere with social participation, academic achievement, 
or occupational performance, individually or in any  
combination.

	C.	�Onset of symptoms is in the early developmental period.
	D.	�The difficulties are not attributable to congenital or acquired 

conditions, such as cerebral palsy, cleft palate, deafness or hearing 
loss, traumatic brain injury, or other medical or neurologic  
conditions.

SOCIAL (PRAGMATIC) COMMUNICATION DISORDER
	A.	�Persistent difficulties in the social use of verbal and nonverbal 

communication as manifested by all of the following:
	 1.	� Deficits in using communication for social purposes, such as 

greeting and sharing information, in a manner that is appropriate 
for the social context.

	 2.	� Impairment of the ability to change communication to match 
context or the needs of the listener, such as speaking differently  
in a classroom than on a playground, talking differently to 
a child than to an adult, and avoiding use of overly formal 
language.

	 3.	� Difficulties following rules for conversation and storytelling, 
such as taking turns in conversation, rephrasing when  
misunderstood, and knowing how to use verbal and  
nonverbal signals to regulate interaction.

	 4.	� Difficulties understanding what is not explicitly stated (e.g., 
making inferences) and nonliteral or ambiguous meanings of 
language (e.g., idioms, humor, metaphors, multiple meanings 
that depend on the context for interpretation).

	B.	� The deficits result in functional limitations in effective communication, 
social participation, social relationships, academic achievement, or 
occupational performance, individually or in combination.

	C.	�The onset of the symptoms is in the early developmental  
period (but deficits may not become fully manifest until social 
communication demands exceed limited capacities).

	D.	�The symptoms are not attributable to another medical or neurologic 
condition or to low abilities in the domains of word structure and 
grammar and are not better explained by autism spectrum disorder, 
intellectual disability (intellectual developmental disorder), global 
developmental delay, or another mental disorder.
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A child has repeated sound prolongations and blocks during speech. Which term in the
terminology table is synonymous with the DSM-5 label childhood-onset fluency disorder?

A. Aphasia

B. Stuttering

C. Apraxia

D. Dysarthria

E. Selective mutism

Original table 53.4  |  Nelson printed p. 333  |  PDF p. 380

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 2
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Physical examination should include measurement of height 
(length), weight, and head circumference, even in children over age 2 
years. The skin should be examined for lesions consistent with phakom-
atosis (see Chapter 636). Anomalies of the head and neck, such as white 
forelock and hypertelorism (Waardenburg syndrome), ear malforma-
tions (Goldenhar syndrome), facial and cardiac anomalies (Williams 
syndrome, VCFS), retrognathism of the chin (Pierre Robin anomaly), 
or cleft lip/palate, are associated with hearing and speech abnormali-
ties. Neurologic examination might reveal muscular hypertonia or 
hypotonia, both of which can affect neuromuscular control of speech. 
Generalized muscular hypotonia, with increased range of motion of 
the joints, is frequently seen in children with language impairment. 
The reason for this association is not clear, but it might account for the 
fine and gross motor clumsiness often seen in these children. How-
ever, mild hypotonia is not a sufficient explanation for the impairment 
of receptive and expressive language. Language impairment may be a 
component of a syndrome or other recognizable condition. The physi-
cal examination gathers information to make other diagnoses.

No routine diagnostic studies are indicated for isolated language dis-
orders with the exception of the hearing assessment. When language 
delay is a part of a generalized cognitive or physical disorder, referral 
for further genetic evaluation, genetic testing (e.g., fragile X testing, 
microarray, whole exome or whole genome sequencing), neuroimag-
ing studies, and EEG should be considered. 

Treatment of Language and Speech Disorders
Disorders of language and speech are often treated by SLPs working 
alone or as part of a multidisciplinary team with others, such as early 
intervention specialists or occupational therapists. SLPs may work in 
hospital in-patient and out-patient settings. More commonly, they 
work in schools and early intervention programs. The nature and inten-
sity of treatment are predicated on the nature and cause of the language 
or speech disorder and the explicit objectives of treatment. Childhood 
apraxia of speech typically requires that the child participate in four or 
five short sessions per week to achieve intelligible speech, whereas lan-
guage impairment disorder may require once- or twice-weekly therapy 
in a peer-group setting to increase communicative attempts. Speech-
language therapy for young children is typically play-based. Even drills 
are couched in naturally occurring, enjoyable, or fun activities. Group 
therapy with other young children is often well suited to children with 
language and communication disorders because children practice their 
emerging skills with peers in naturalistic settings. A strong family com-
ponent to therapy is important to leverage the limited time that thera-
pists can spend with children. Caregivers can be taught to use effective 
techniques designed to meet the objectives of the treatment program. 
For children who do not develop useful verbal language, the SLP may 
consider the use of assistive and augmentative communication (AAC; 
see Chapter 54), which may use high-technology devices, such as 
voice-generating computer programs, or low-technology solutions, 
such as sign language or picture exchanges. The use of AAC allows the 
nonverbal child to communicate within the human community. Sev-
eral systematic reviews and meta-analyses provide compelling data 
that speech-language therapy is effective for improving many aspects 
of language and speech. Therefore a timely referral for treatment with 
an SLP is recommended over watchful waiting for many children with 
delays and disorders of language and speech.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

53.1  Childhood-Onset Fluency Disorder
Kenneth L. Grizzle and Karolyn Mirasola

Dysfluent speech describes speech, language, and voice behaviors that 
interrupt the production and fluency of sounds, words, and thoughts. 
All speakers produce dysfluent speech, but not all dysfluent speech is 
stuttering. The words stuttering, stammering, and dysfluency are often 
used interchangeably. Stutter is used informally, particularly in the 

United States, to describe when an individual is struggling to express 
themself and may speak in a halting manner. Stammering is used in 
the United Kingdom in place of stuttering (Table 53.4). It is important 
for clinicians to have a general understanding about what stuttering is 
and when to counsel and refer families to speech-language pathologists 
(SLPs). It is important to distinguish between stuttered and nonstut-
tered dysfluencies and other fluency disorders and to identify concom-
itant symptoms.

DIAGNOSIS
In the Diagnostic and Statistical Manual for Mental Disorders, Fifth Edi-
tion (DSM-5), the term stuttering has been removed from the diagnos-
tic classification, and the disorder is referred to as childhood-onset 
fluency disorder (Table 53.5). Note that impact on functional behav-
ior is a component of the psychiatric diagnosis. In contrast, commu-
nication disorder specialists would consider anxiety and avoidance 
of various activities as concomitant symptoms, but not necessarily a 
requirement for the diagnosis of stuttering.

Child-onset stuttering (formerly known as developmental stut-
tering) is a speech disorder that often begins in the preschool period 

Table 53.4    � Terminology Related to Childhood-Onset 
Fluency Disorder

TERM DEFINITION

Stuttering A speech disorder manifested through abnormal 
speech patterns referred to as dysfluencies

Childhood-onset 
fluency disorder

Term used in DSM-5 that is synonymous with 
stuttering

Stammering The clinical term used in the United Kingdom 
rather than stuttering; stammering also used 
informally to describe halting speech

Cluttering A speech disorder characterized by an 
excessively rapid and irregular rate of speech

Dysfluency Speech disruptions that can occur in normal or 
disordered speech

Table 53.5    � DSM-5 Diagnostic Criteria for Childhood-Onset 
Fluency Disorder

	A.	�Disturbances in the normal fluency and time patterning of speech 
that are inappropriate for the individual’s age and language skills, 
persist over time, and are characterized by frequent and marked 
occurrences of one (or more) of the following:

	 1.	� Sound and syllable repetitions.
	 2.	� Sound prolongations of consonants and vowels.
	 3.	� Broken words (e.g., pauses within a word).
	 4.	� Audible or silent blocking (filled or unfilled pauses in speech).
	 5.	 �Circumlocutions (word substitutions to avoid problematic 

words).
	 6.	� Words produced with an excess of physical tension.
	 7.	 �Monosyllabic whole-word repetitions (e.g., “I-I-I-I see him”).
	B.	� The disturbance causes anxiety about speaking or limitations in 

effective communication, social participation, or academic or  
occupational performance, individually or in any combination.

	C.	�The onset of symptoms is in the early developmental period.  
Note: Later-onset cases are diagnosed as 307.0 [F98.5] adult-onset 
fluency disorder.

	D.	�The disturbance is not attributable to a speech-motor or sensory 
deficit, dysfluency associated with neurologic insult (e.g., stroke, 
tumor, trauma), or another medical condition and is not better 
explained by another mental disorder.

From the Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, 
DC: American Psychiatric Association; 2013:45–46.
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A 7-year-old frequently repeats syllables, prolongs sounds, and has speech blocks that disrupt
classroom participation. Which diagnosis best follows the criteria?

A. Childhood-onset fluency disorder

B. Receptive language disorder

C. Specific learning disorder in mathematics

D. Tourette disorder

E. Social anxiety disorder alone
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Physical examination should include measurement of height 
(length), weight, and head circumference, even in children over age 2 
years. The skin should be examined for lesions consistent with phakom-
atosis (see Chapter 636). Anomalies of the head and neck, such as white 
forelock and hypertelorism (Waardenburg syndrome), ear malforma-
tions (Goldenhar syndrome), facial and cardiac anomalies (Williams 
syndrome, VCFS), retrognathism of the chin (Pierre Robin anomaly), 
or cleft lip/palate, are associated with hearing and speech abnormali-
ties. Neurologic examination might reveal muscular hypertonia or 
hypotonia, both of which can affect neuromuscular control of speech. 
Generalized muscular hypotonia, with increased range of motion of 
the joints, is frequently seen in children with language impairment. 
The reason for this association is not clear, but it might account for the 
fine and gross motor clumsiness often seen in these children. How-
ever, mild hypotonia is not a sufficient explanation for the impairment 
of receptive and expressive language. Language impairment may be a 
component of a syndrome or other recognizable condition. The physi-
cal examination gathers information to make other diagnoses.

No routine diagnostic studies are indicated for isolated language dis-
orders with the exception of the hearing assessment. When language 
delay is a part of a generalized cognitive or physical disorder, referral 
for further genetic evaluation, genetic testing (e.g., fragile X testing, 
microarray, whole exome or whole genome sequencing), neuroimag-
ing studies, and EEG should be considered. 

Treatment of Language and Speech Disorders
Disorders of language and speech are often treated by SLPs working 
alone or as part of a multidisciplinary team with others, such as early 
intervention specialists or occupational therapists. SLPs may work in 
hospital in-patient and out-patient settings. More commonly, they 
work in schools and early intervention programs. The nature and inten-
sity of treatment are predicated on the nature and cause of the language 
or speech disorder and the explicit objectives of treatment. Childhood 
apraxia of speech typically requires that the child participate in four or 
five short sessions per week to achieve intelligible speech, whereas lan-
guage impairment disorder may require once- or twice-weekly therapy 
in a peer-group setting to increase communicative attempts. Speech-
language therapy for young children is typically play-based. Even drills 
are couched in naturally occurring, enjoyable, or fun activities. Group 
therapy with other young children is often well suited to children with 
language and communication disorders because children practice their 
emerging skills with peers in naturalistic settings. A strong family com-
ponent to therapy is important to leverage the limited time that thera-
pists can spend with children. Caregivers can be taught to use effective 
techniques designed to meet the objectives of the treatment program. 
For children who do not develop useful verbal language, the SLP may 
consider the use of assistive and augmentative communication (AAC; 
see Chapter 54), which may use high-technology devices, such as 
voice-generating computer programs, or low-technology solutions, 
such as sign language or picture exchanges. The use of AAC allows the 
nonverbal child to communicate within the human community. Sev-
eral systematic reviews and meta-analyses provide compelling data 
that speech-language therapy is effective for improving many aspects 
of language and speech. Therefore a timely referral for treatment with 
an SLP is recommended over watchful waiting for many children with 
delays and disorders of language and speech.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

53.1  Childhood-Onset Fluency Disorder
Kenneth L. Grizzle and Karolyn Mirasola

Dysfluent speech describes speech, language, and voice behaviors that 
interrupt the production and fluency of sounds, words, and thoughts. 
All speakers produce dysfluent speech, but not all dysfluent speech is 
stuttering. The words stuttering, stammering, and dysfluency are often 
used interchangeably. Stutter is used informally, particularly in the 

United States, to describe when an individual is struggling to express 
themself and may speak in a halting manner. Stammering is used in 
the United Kingdom in place of stuttering (Table 53.4). It is important 
for clinicians to have a general understanding about what stuttering is 
and when to counsel and refer families to speech-language pathologists 
(SLPs). It is important to distinguish between stuttered and nonstut-
tered dysfluencies and other fluency disorders and to identify concom-
itant symptoms.

DIAGNOSIS
In the Diagnostic and Statistical Manual for Mental Disorders, Fifth Edi-
tion (DSM-5), the term stuttering has been removed from the diagnos-
tic classification, and the disorder is referred to as childhood-onset 
fluency disorder (Table 53.5). Note that impact on functional behav-
ior is a component of the psychiatric diagnosis. In contrast, commu-
nication disorder specialists would consider anxiety and avoidance 
of various activities as concomitant symptoms, but not necessarily a 
requirement for the diagnosis of stuttering.

Child-onset stuttering (formerly known as developmental stut-
tering) is a speech disorder that often begins in the preschool period 

Table 53.4    � Terminology Related to Childhood-Onset 
Fluency Disorder

TERM DEFINITION

Stuttering A speech disorder manifested through abnormal 
speech patterns referred to as dysfluencies

Childhood-onset 
fluency disorder

Term used in DSM-5 that is synonymous with 
stuttering

Stammering The clinical term used in the United Kingdom 
rather than stuttering; stammering also used 
informally to describe halting speech

Cluttering A speech disorder characterized by an 
excessively rapid and irregular rate of speech

Dysfluency Speech disruptions that can occur in normal or 
disordered speech

Table 53.5    � DSM-5 Diagnostic Criteria for Childhood-Onset 
Fluency Disorder

	A.	�Disturbances in the normal fluency and time patterning of speech 
that are inappropriate for the individual’s age and language skills, 
persist over time, and are characterized by frequent and marked 
occurrences of one (or more) of the following:

	 1.	� Sound and syllable repetitions.
	 2.	� Sound prolongations of consonants and vowels.
	 3.	� Broken words (e.g., pauses within a word).
	 4.	� Audible or silent blocking (filled or unfilled pauses in speech).
	 5.	 �Circumlocutions (word substitutions to avoid problematic 

words).
	 6.	� Words produced with an excess of physical tension.
	 7.	 �Monosyllabic whole-word repetitions (e.g., “I-I-I-I see him”).
	B.	� The disturbance causes anxiety about speaking or limitations in 

effective communication, social participation, or academic or  
occupational performance, individually or in any combination.

	C.	�The onset of symptoms is in the early developmental period.  
Note: Later-onset cases are diagnosed as 307.0 [F98.5] adult-onset 
fluency disorder.

	D.	�The disturbance is not attributable to a speech-motor or sensory 
deficit, dysfluency associated with neurologic insult (e.g., stroke, 
tumor, trauma), or another medical condition and is not better 
explained by another mental disorder.

From the Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, 
DC: American Psychiatric Association; 2013:45–46.
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A nonverbal child with intact eye movements needs a low-technology aided way to
communicate choices. Which option is listed?

A. Eye-gaze picture board

B. Unassisted speech

C. An implanted speech generator

D. Automated text-to-speech application only

E. Electroencephalography

Original table 54.1  |  Nelson printed p. 337  |  PDF p. 384
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and use symbols as well as text. Table 54.1 provides examples of the 
range of AAC systems.

Mobile technology (e.g., iPad) and greater use of social media tools 
have increased acceptance of AAC and reduced attitudinal barriers to 
AAC use. However, the increased diversity of communication tools 
also means increased operational demands, given that each tool is 
designed with different representations, organizations, and layouts of 
information as well as different access techniques (e.g., swiping, tap-
ping). Each design may reflect different motor, cognitive, perceptual, 
and linguistic learning demands. A combination of gestures/signs, 
low-technology systems, mobile technology devices, and SGDs can 
provide AAC users with the most effective communication options 
to suit their needs. 

AAC Teams
AAC teams serving individuals with CCNs are the groups of people 
that guide the AAC intervention decision-making process and imple-
ment communication supports. Team members include the children 
and adolescents with CCN themselves, parents/caregivers, and profes-
sionals playing a variety of roles.

Children with CCN. The most important member of the team is the 
individual relying on AAC techniques. The role may change in response 
to the individual’s maturation and capability, but to the extent possible, 
the child or adolescent should participate in the decision-making pro-
cess regarding goals, social relationships, and support options related 
to the AAC system and interventions.

AAC facilitators. The term facilitator refers to parents/family mem-
bers, friends, professionals, and frequent communication partners who 
assume some responsibility for keeping the AAC system operational 
and/or supporting the person with CCN to use it effectively. They sup-
port communication interactions by coaching, serving as interpreters, 
and/or helping resolve communication breakdowns. Importantly, the 
role of facilitator is to support independent communication by the 
individual with CCN, not to communicate for the individual.

AAC specialists. AAC specialists provide direct AAC interven-
tion services by instructing and educating about AAC and design-
ing and implementing AAC interventions. AAC specialists work 
with clinicians and educators, such as speech-language patholo-
gists, occupational therapists, teachers, and pediatric healthcare 
providers who provide clinical and educational services to youth 
with CCN. 

AAC Assessment
AAC assessment involves gathering information so that informed deci-
sions can be made about the adequacy of current communication, the 
communication needs, the AAC techniques that are most appropriate, 
how to provide instruction in AAC techniques, and how to evaluate 
outcomes. Proper evaluation and support for the use of AAC devices 
are of paramount importance.

Studies comparing acquisition of communication skills reveal few 
differences in terms of how quickly many children can learn to use 
some of the available AAC options. For example, PEC and sign lan-
guage comparison studies vary—some show PECs were acquired more 
easily than signing, and others suggest both PECs and signing were 

acquired at an equal pace. Studies comparing PECs with SGDs simi-
larly vary in terms of effectiveness of device use.

Physicians, therapists, and other professionals who prescribe AAC 
must make sure the child (and family) receives training and monitor-
ing for using the device and that the device is accessible across settings 
in which the child functions (e.g., home, school, community activi-
ties). A substantial number of AAC devices are abandoned shortly 
after implementation without support for their use. AAC assessment 
and intervention is a dynamic process, and usually ongoing, as often 
the children and adolescents requiring the AAC system are unable to 
speak or write because of physical, cognitive, language, and/or sensory 
impairments. Assessment generally consists of four phases as outlined 
here:
Phase 1: Referral. The “finder” role is an important role for pediatric 

healthcare providers. They may be the impetus for recognizing that 
a child has a CCN and that an AAC intervention may be helpful. 
They then assist the patient and their family by initiating a referral 
to an appropriate resource. The pediatric provider can support the 
AAC funding application by certifying a medical diagnosis and sign-
ing a prescription for the recommended service. Although the role 
is episodic, it is nonetheless a key role in the AAC assessment and 
treatment process.

Phase 2: Initial Assessment. The goal of this phase is to gather infor-
mation to design an AAC intervention to match the child’s exist-
ing needs and capabilities. The AAC specialist(s) assesses the child’s 
current communication interaction needs and his or her physical, 
cognitive, language, and sensory abilities. This typically focuses on 
enabling communicative interactions between the child and familiar 
AAC facilitators. The intervention is refined as the child learns about 
the operational requirements of the AAC system and the AAC team 
gathers information on how well the system works for the child. 
Demonstrations and simulators are available to help with training 
before the actual equipment is ordered.

Phase 3: Assessment for Other Settings. The goal is to develop a solid 
communication system that supports the child with CCN in a va-
riety of environments, including home, school, and recreational 
environments. A child must have access to a system that allows edu-
cational and social participation.

Phase 4: Follow-Up Assessment. This involves maintaining a com-
prehensive AAC system that accommodates the child’s changing 
capabilities. The communication equipment must be examined 
regularly to assess the needs of new communication partners, de-
tect replacement/repair needs, and reassess the child’s capabilities 
as they change. 

Specific Assessment Details
Assess Current Communication. The initial step is to assess the effective-
ness of the child’s current communication system. The assessment of 
communication access focuses on the operational and social aspects 
of communicative competence. A child with spastic quadriplegia, for 
example, may be unable to use eye gaze consistently and therefore 
operationally unable to use an eye-gaze AAC system. On the other 
hand, a minimally verbal adolescent with ASD may be able to operate 
an electronic AAC device but never use it to initiate a social interaction. 

Table 54.1    � Types of Augmentative and Alternative Communication

LOW TECH MID-HIGH TECH

Unaided 	•	 �Sign language
	•	 �Gestures

—

Aided 	•	 �Communication boards/books
	•	 �Picture exchange systems
	•	 �Visual schedules
	•	 �Eye-gaze picture board
	•	 �Simple single-message speech output devices

	•	 �Voice output communication aids (VOCAs)/speech-
generating devices (SGDs) with prestored recordings of 
natural speech or computer-generated speech

	•	 �Specialized software on electronic tablet, smartphone
	•	 �Spelling and/or symbol systems to represent language

Unaided systems: Do not require special materials or equipment; rely on user’s body to covey messages.
Aided systems: Require the use of tools or equipment; can require power or no power.
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A newborn passes the initial hearing screen, but parents later report poor response to sound.
Which alternative approach in the table addresses the false assumption that the initial pass
excludes later hearing loss?

A. Provide audiologic evaluation for new concerns

B. Dismiss concerns because screening was normal

C. Wait until the child enters school

D. Assess only vision

E. Assume the child has autism

Original table 55.1  |  Nelson printed p. 340  |  PDF p. 387

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 5
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Including access to Deaf individuals as part of healthcare teams 
involved in the care of D/HH infants and children is an important first 
step in including this cultural perspective in health service delivery and 
decision-making.

It is also important to recognize the concept of intersectionality (the 
interconnected nature of social categorizations such as race, ethnicity, 
class, and gender), which plays a role in the Deaf community. Being 
Deaf and Black is not just the sum of the experiences of Deaf individu-
als and Black individuals—the two constructs existing simultaneously 
in the same person makes for a unique life experience. Intersectionality 
is recognized within the context of the Deaf Plus community because 
those individuals do not simply experience life as a Deaf person who 
also happens to have an additional condition. The interplay of these 
aspects of individuals is a critical part of identity formation, self-
esteem, cultural engagement, potential experiences of disadvantage/
discrimination, and personhood in general. 

EARLY DETECTION AND LANGUAGE 
DEVELOPMENT
Deaf children who are born to deaf/signing parents are natively 
exposed to sign language from the first day of life and subsequently 
can be expected to acquire sign language milestones in a predictable 
manner similar to typically developing hearing children acquiring 
spoken language milestones. Deaf children of signing parents achieve 
their first signs, vocabulary expansion, combining of two discrete sign 
concepts, progression to more complex phrases and sentences, and 
other language-related milestones at expected ages if assessed in sign 
language. However, more than 90% of deaf infants are born to hearing 
parents who most often do not sign fluently. This creates an immediate 
and significant loss of a shared intact language. Families will turn to 
professionals for advice on making decisions regarding language, edu-
cation, amplification technology, and social engagement. Sometimes 
these clinicians make false assumptions that delay detection or inter-
vention for children who are D/HH (Table 55.1).

Clinicians should be aware that although language delay may be a 
presenting symptom in a D/HH child, being deaf in and of itself does 
not inherently cause delayed language development. Rather, the inabil-
ity for a parent and an infant to share a common accessible language 
creates a barrier to the development of language. This is why early iden-
tification and support are critical for D/HH infants to support language 
access, whether to spoken language through amplification and therapy 
or access to sign language (or both). Even children who have passed 
their newborn hearing screening who have language delays must have 
a full audiologic evaluation, as a substantial number of factors can con-
tribute to delayed-onset hearing loss (DOHL) at any time during early, 
middle, or late childhood. Parental concern about language delay or 
responsiveness of their child is a sensitive, but not specific, indicator of 
possible hearing loss. It is important to respond to parental concerns 
of hearing or language with referrals for hearing assessment, language 
evaluation, and age-appropriate therapeutic support systems.

Clinicians should also consider the possibility of hearing loss in 
young children with other behavioral changes. An older child may 
report a sudden dramatic hearing loss. However, younger children may 
not have the linguistic capacity or awareness to describe loss of hear-
ing and may present instead with changes in behavior (being upset, 
aggressive, withdrawn). Some children with a progressive or sudden 
change in hearing status may appear to have a behavioral condition 
such as attention-deficit/hyperactivity disorder (ADHD) or may be 
described as defiant. Children with unidentified hearing changes and 
children with ADHD can share behaviors—they are perceived as not 
paying attention, they often are not aware of what is happening in the 
moment, they may not respond as expected when being addressed, and 
they may not focus on the things that are being discussed.

Another problematic issue known as diagnostic overshadowing can 
occur when all developmental or behavioral challenges are attributed 
to one cause (in this case, hearing status) when the symptoms should 
suggest the possibility of another disorder. For example young neuro-
typical D/HH children who have adequate access to language (through 
amplification technology and spoken language, sign language, or a 
combination of both) should not automatically be expected to have 
substantial challenges with language development, behavior, and social 
engagement. If clinicians reflexively attribute delays in social and lan-
guage development to the fact that the child is D/HH, they may miss 
the diagnosis of a developmental disorder when they would not have 
missed the diagnosis in a hearing child.

Sign language has many benefits for D/HH infants and children 
and should not be regarded as an inferior last resort only to be 
used if spoken language efforts are not successful. ASL is a full and 
complex language. Much of the grammatical structure and concept 
complexity in ASL is conveyed through spatial placement of signs 
and body movements. Body movements can include body lean and 
eyebrow shift to indicate a question, furrowing of the brow and 
pursing of lips to convey negation, and shifting of body position 
in space to define multiple individuals involved in conversation, to 
name a few.

The active discouragement of using visual language with any D/
HH child is a developmental disservice, particularly so with the pro-
foundly deaf infant whose hearing level is too low to benefit from 
traditional hearing aids. For these infants, a cochlear implant is 
likely the only potential route for accessing spoken language input, 
and the earliest that the Food and Drug Administration (FDA) cur-
rently approves cochlear implantation is 9 months of age. There 
remains a number of children who are not achieving such early ages 
of cochlear implantation. Lack of access to sign language can mean 
up to a year or more of complete lack of accessible linguistic input 
during a period of cortical development when language input is 
critical; that lack of language input can in turn affect infant bonding 
with parents. Even after cochlear implantation, it takes a substantial 
amount of therapy (auditory-verbal/listening and speech-language 
therapy) to build spoken language skills. 

Table 55.1    � Common False Assumption About Deaf or Hard of Hearing (D/HH) Infants and Children

FALSE ASSUMPTION ALTERNATIVE APPROACH

Being D/HH causes language delay. Often, the parent and deaf infant do not share a common language, creating a language barrier leading 
to delays. Early identification (by 1-3 mo of age) and intervention by 6 mo of age are critical for language 
development.

Passing newborn hearing screening 
tests means one does not need to 
be concerned about hearing.

Many factors can cause delayed-onset hearing loss. A full audiologic evaluation is indicated for any 
caregiver concern about hearing or for delays in language development—a “wait and see” approach is 
never indicated.

All behavioral symptoms or 
developmental delays are 
caused by the hearing loss.

Young neurotypical deaf children with adequate access to language through amplification and spoken 
language, sign language, or both should not be expected to have challenges in development, behavior, 
or social engagement. Referral for evaluation is essential if these symptoms are present.

Sign language is a last resort for 
communication for D/HH infants or 
children.

American Sign Language (ASL) is a full and complex language with a clear syntax and grammar structure. 
Learning sign language can promote language development when children cannot access spoken 
language during a period when this input is critical for cortical brain development.
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A family of a deaf child wants a natural visual language with its own linguistic rules rather than
a word-for-word manual version of English. Which option in the communication table matches?

A. American Sign Language

B. Cued English speech only

C. An oral-only approach

D. Finger spelling of every English word

E. An audiogram

Original table 55.2  |  Nelson printed p. 341  |  PDF p. 388
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INTERVENTIONS
Supporting children who are D/HH requires a combination of a proac-
tive approach to care, ongoing monitoring for delays in all developmen-
tal domains, and timely recognition and intervention of gaps that can 
occur because of the impact of hearing status on language and overall 
development.

There is a tendency, especially for those who are not familiar with D/
HH children, to assume that a child who does not hear will have reduced 
developmental outcomes compared to their hearing peers. There is 
robust evidence supporting the importance of early identification and 
intervention for long-term outcomes in children who are D/HH. A 
child’s developmental and learning potential should not be defined by 
their hearing; clinicians should encourage and support families’ high 
expectations for a child’s development regardless of hearing status.

The medical home can fill a critical role in supporting a family’s journey, 
though often primary care providers have relatively few children who are 
D/HH in their practice and may not be well-versed in how to monitor 
the medical and psychosocial needs of a D/HH child. This prompts the 
need to seek out information from a variety of sources and link families 
with reputable information. Because D/HH is a low-incidence condition, 
it is challenging for one setting (early intervention–based, school-based, 
clinical-based) to include a variety of children and match appropriate com-
munication approaches. Interventions can be categorized in a variety of 
ways. A framework for various communication approaches is commonly 
used for understanding how to support language development in children 
who are D/HH (Table 55.2), including technology and environmental 
modifications.

Communication Approaches
Often different approaches to communication are presented as a choice to 
make during the early years of critical language growth. Many communi-
cation approaches have passionate national organizations advocating for a 
specific approach (Table 55.3). The educational philosophy known as total 
communication is often misunderstood to mean using both signing and 
spoken language; however, it refers to incorporating an array of communi-
cation modalities (formal signs and fingerspelling, gestures, body language, 
lip reading, speaking, listening), with the goal of optimizing language 
development that is tailored to be most effective for the individual child.

We have chosen to refer to the national organizations and the Cen-
ters for Disease Control and Prevention (CDC) to guide definitions 

of communication approaches (see Table 55.2). Each approach has 
specific components needed for successful implementation and lan-
guage outcomes. The overall goal to support communication develop-
ment can be an unfolding journey. Choices and strategies that worked 
well for a child in early childhood may not be as effective as the child 
matures, particularly as social engagement and academic demands 
evolve with age and advancement in school. Thus it is important for 
families to recognize that communication needs can change over time, 
prompting a shift from a prior decision to an alternative approach. 

Technology
Hearing Aids
Hearing aid technology is very refined. Hearing aids are essentially mini-
computers that take sound from the environment and are programmed 
to adjust how this sound is processed and delivered to the ear. Hearing 
aids have a number of different features that can augment the quality 
of sound a child will hear. Hearing aids can analyze the sounds coming 
into the device and preferentially reduce background noise. They can 
compress sound waves to preferentially make soft sounds louder and 
try to avoid distortion of loud sounds (wide dynamic range compres-
sion). Hearing aids can have microphones that can receive sound from 
many directions or focus primarily on sounds coming from in front of 
a child. A hearing aid can also carry a variety of programs for differ-
ent listening settings. This allows a child to have a different program 
for a quiet environment compared to a noisy environment. Technol-
ogy can also include Bluetooth to link to other devices. There are a 
number of apps to help monitor battery life and adjust the program for 
the setting through the app. Follow-up care with audiology is impor-
tant to ensure continued supports for any amplification used and to 
monitor for changes in hearing. For children with conductive hearing 
changes, bone conduction aids may be indicated. These devices bypass 
the outer and middle ear, conducting sound through the skull directly 
to the cochlea and auditory nerve. When children are 5 years or older, 
they can be considered for a surgically implanted bone conduction aid 
called a bone-anchored hearing aid (BAHA). These devices also have 
the capacity to link to a frequency modulation (FM) system.

It is helpful to remember that even with advancements in tech-
nology, what children hear with hearing aids is not the same as 
what people hear with a typically functioning auditory system. It is 
equally important to consider environmental supports to optimize 

Table 55.2    � Communication Approaches for Children Who Are Deaf and Hard of Hearing (D/HH)

COMMUNICATION MODALITY DESCRIPTION CITATION/ORGANIZATION

American Sign Language (ASL) ASL is the recognized sign language of the deaf community in 
the United States. ASL conforms to linguistic principles and is 
distinct from English.

National Association of the Deaf 
(https://www.nad.org/about-us/position-
statements/position-statement-on-
american-sign-language)

Conceptually Accurate Signed 
English (CASE)

Using conventional ASL signs in an English word order. https://www.cdc.gov/ncbddd/hearingloss/ 
parentsguide/building/case.html

Manually coded English Signing Exact English is an example of a manually coded 
English. It is a sign system that matches signs with the 
English language and includes manual representation of all 
components of the English language.

www.signingexactenglish.com

Fingerspelling/Rochester  
method

The Rochester method was intended to support English literacy 
and uses fingerspelling for all words.

Cued Speech Cued Speech is a visual communication system that uses eight 
handshapes in four different placements near the face in 
combination with the mouth movements of speech to make the 
sounds of spoken language look different from each other.

National Cued Speech Association (https://
www.mdaap.org/pdf/CuedSpeech.pdf)

Spoken language and listening Children learn to listen and talk with the support of hearing 
technology such as hearing aids, assistive listening devices 
(such as an FM system), or cochlear implants.

Auditory-oral approaches include gestures, listening, speech/
lip reading, and spoken speech.

Auditory-verbal relies on listening and spoken speech.

Communication Options (https://www.agb
ell.org/Families/Communication-Options)

Centers for Disease Control and 
Prevention: How People with Hearing 
Loss Learn Language (https://www.cdc.go
v/ncbddd/hearingloss/language.html)
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The parents of a child with newly identified hearing loss are weighing communication options.
Which medical-home strategy best matches the table's family-centered approach?

A. Elicit family priorities and support informed decisions

B. Choose one method before discussing family goals

C. Withhold referral until school age

D. Avoid asking what the family already knows

E. Discourage collaboration with specialists
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Table 55.5    � Approaches in the Medical Home to Support the Family Journey

FAMILY JOURNEY THEMES CONSIDERATIONS AND STRATEGIES

Family-centered decision-making:
Ensure families are central in decision-making

Before the visit:
	⦁	� Physician reflection on their own knowledge, expertise, and biases
At the visit:
	⦁	� Listen to family concerns actively and address concerns, referring to others when outside 

provider expertise is necessary

Families’ need for informed choice Before the visit:
	⦁	� Recognize that each family and child are unique and decisions may vary across families
	⦁	� Recognize that decisions may change over the life span of the child
	⦁	� Recognize the passion across communication modalities, which drive potential biases in 

information and guidance
At the visit:
	⦁	� Listen actively to understand the family’s values and intended goals and outcomes
	⦁	� Collaboratively seek information from a variety of reputable sources and discuss potential 

biases across various “experts” in the field (see resource list)
	⦁	� Incorporate the family’s values in an action plan together
	⦁	� Refer to experts as appropriate

Family-to-family support:
Because having a child who is D/HH can feel 

isolating and professionals do not carry the 
same day-to-day experiences, family-to-
family connection is an important component 
of support

Before the visit:
	⦁	� Recognize the importance of family-to-family support
	⦁	� Identify resources to link families with other families (see resources)
During the visit:
	⦁	� Discuss the possible isolation families face
	⦁	� Determine interest and readiness for family networking
	⦁	� Share resources that they can rely on when ready to reach out

Access to D/HH adults: To support the family’s 
recognition of what success can be and to 
provide children with a conceptual framework 
for D/HH individuals as adults

Before the visit:
	⦁	� Recognize families may be experiencing grief over the loss of their child’s expected future 

and that experiences with other individuals who are D/HH may be limited or nonexistent
	⦁	� Identify resources to link families with Deaf adults and Deaf mentoring programs (see Table 55.3)
During the visit:
	⦁	� Discuss family’s hopes and fears
	⦁	� Highlight the importance of high expectations for their child
	⦁	� Discuss ways to promote identity, connection, and independence for their child

Child interactions and supports Before the visit:
	⦁	� Recognize the variability and uniqueness of children who are D/HH in terms of capabilities, 

skills, and opportunities
At the visit:
	⦁	� Engage D/HH children directly rather than rely solely on family members for interpreting 

communication; for children who use sign language, access to an interpreter is a right under 
the Americans with Disabilities Act

	⦁	� Recognize children’s strengths and resilience
	⦁	� Ensure children have access to their own health information (at their developmental level) 

and have the opportunity for inclusion in decisions as appropriate
	⦁	� Advocate with children and families to have high expectations for skills, recognizing that 

often medical and educational settings use a deficit model (the child must be behind) to 
access supports

simply has to take a look at some of the family stories that are available 
in the public realm to appreciate the diversity of the family experience in 
raising a D/HH child.

A number of parent support organizations are available to families, 
some of which are organized around specific communication philoso-
phies (see Table 55.3).

The pediatrician may be the first medical professional that families 
turn to if there is concern about language development and/or hearing. 
Although these physician/family relationships are often just as diverse 
as the families themselves, some universal concepts start to emerge 
when listening to parent stories (Table 55.5). Recognizing these themes 

and identifying ways to partner and support families is a critical role of 
the medical home.
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An infant with developmental delay is found to have phenylketonuria. Which early intervention
is paired with this condition in the table?

A. Phenylalanine-restricted diet

B. High-protein unrestricted diet

C. Copper supplementation

D. Complete elimination of all carbohydrates

E. Corticosteroid monotherapy

Original table 56.3  |  Nelson printed p. 348  |  PDF p. 395

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 8

348  Part IV  u  Learning and Developmental DisordersTable 56.2    � Genetic Tests Commonly Used in Evaluation of Neurodevelopmental Disorders

TEST RESULTS/VARIANTS DETECTED DETECTION LIMITATIONS

Chromosomal  
microarray (CMA)

	•	� Copy number variants (CNV)  
(generally >250 kb but could be 
smaller if region is specifically 
targeted)

	•	� Regions of homozygosity*

	•	� Repetitive DNA sequences, including trinucleotide repeat expansions 
(e.g., FMR1 repeat expansion)

	•	� Balanced chromosomal rearrangements
	•	� Sequence-level variants in the exome/genome
	•	� Mitochondrial variants
	•	� Epigenetics alterations (e.g., methylation abnormalities, uniparental  

heterodisomy)
	•	� Low-level mosaicism

Exome sequencing 
(ES)

	•	� Sequence-level variants in the  
coding region (exome)

	 •	� Copy number variants**

	•	� Repetitive DNA sequences, including trinucleotide repeat expansions 
(e.g., FMR1 repeat expansion)

	•	� Balanced chromosomal rearrangements
	•	� Smaller copy number variants, including deletions/duplications involving one 

to two exons
	•	� Mitochondrial variants
	•	� Epigenetics alterations (e.g., methylation abnormalities)
	•	� Intronic/noncoding variants
	•	� Variants in regions of the exome that are not well-covered by sequencing

FMR1 CGG repeat 
testing

	•	� CGG repeat number in 
the FMR1 gene

	•	� Sequence-level variants in FMR1 or elsewhere in the exome/genome
	•	� Copy number variants
	•	� Balanced chromosomal rearrangements
	•	� Exon-level deletions/duplications
	•	� Mitochondrial variants
	•	� Epigenetics alterations (e.g., methylation abnormalities)

*Single-nucleotide polymorphism–based chromosomal microarray (SNP-CMA)
**Several laboratories are now calling CNVs as a routine part of ES, and this trend will continue to expand.
From Savatt JM, Myers SM. Genetic testing in neurodevelopmental disorders. Front Pediatr. 2021;9:526779, Table 2.

CONDITION TREATMENT

Galactosemia Lactose-free diet

Fructosemia Fructose-free diet

Phenylketonuria Phenylalanine-free diet

Maternal phenylketonuria Phenylalanine-free diet during 
pregnancy

Maple syrup urine disease Diet restricted in branched-chain 
amino acids + dialysis or  
exchange transfusion

Hypoglycemia from any cause Prevent hypoglycemia and/or 
provide glucose

Lead intoxication Separate child from source of 
lead; chelation therapy

Hypothyroidism Thyroid replacement

Recurrent otitis media Antibiotic prophylaxis, pressure-
equalizing tubes

Malnutrition Adequate nutrition

Increased intracranial pressure 
(e.g., hydrocephalus, neoplasm)

Shunt ventricles or cystic structure

Congenital HIV infection Prenatal/postnatal treatment with 
AZT (zidovudine)

Congenital toxoplasmosis Prenatal treatment with  
spiramycin, pyrimethamine,  
and sulfonamide

Dopa-responsive dystonia Responds to levodopa; may be 
misdiagnosed as cerebral palsy

Biotinidase deficiency Oral biotin

Biotin-thiamine–responsive 
basal ganglia disease

Biotin, thiamine

Wilson disease Copper chelation; liver transplant

Cerebral folate disorder Folinic acid

CONDITION TREATMENT

Creatine disorders Creatine monohydrate

Vitamin B12 deficiency Vitamin B12

Cerebral glucose transporter 
defect

Ketogenic diet

Metachromatic leukodystrophy BMT

Niemann-Pick disease BMT, liver transplantation,  
implanted amniotic epithelial cells

Adrenoleukodystrophy BMT

Glycogen storage disease type IV Liver transplantation

Menkes disease Parenteral copper histidinate

Lesch-Nyhan syndrome Allopurinol + BMT

Krabbe disease BMT

α-Mannosidosis ERT: velmanase alfa

Aspartylglucosaminuria BMT

Gaucher disease type III ERT: Ceredase; SRT: Cerdelga; 
PCT: Mucosolvan

Hunter syndrome (MPS II) ERT: Elaprase

Hurler syndrome (MPS I) ERT: Aldurazyme

Sanfilippo syndrome A (MPS IIIa) SRT: Genistein

Sanfilippo syndrome B (MPS IIIb) SRT: Genistein

Sanfilippo syndrome C (MPS IIIc) SRT: Genistein

Sanfilippo syndrome D (MPS IIId) SRT: Genistein

Sly syndrome (MPS VII) ERT: Mepsevii

Neuronal ceroid lipofuscinosis 
type II

ERT: Brineura

Table 56.3    � Conditions in Which Early Treatment May Significantly Improve the Course of the Disease

BMT, Bone marrow transplant; ERT, enzyme replacement therapy; MPS, mucopolysaccharidosis; PCT, pharmacologic chaperone therapy; SRT, substrate reduction therapy.
From Muriello M. Neurocognitive and developmental regression. In: Kliegman RM, Toth H, Bordini BJ, Basel D (eds). Nelson Pediatric Symptom-Based Diagnosis, 2nd ed. 
Philadelphia: Elsevier; 2023: Table 28.10, p. 481.
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A 2-year-old has marked language delay prompting evaluation for intellectual disability. Which
developmental period in the table commonly first brings language delay to clinical attention?

A. Newborn period

B. Early infancy at 2-4 months

C. Toddler years at 2-3 years

D. Middle adolescence

E. Only adulthood

Original table 56.6  |  Nelson printed p. 352  |  PDF p. 399

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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uncertain during the early years and becomes clearer as the demands of 
the school setting increase.

With increasing expectations for independence at home and socially, 
limitations among those with mild ID become more salient. Older school-
age children and adolescents with mild ID are typically up to date on 
current trends and are conversant as to “who,” “what,” and “where.” It is 
not until the “why” and “how” questions are asked that their limitations 
become apparent. If allowed to interact at a superficial level, their mild ID 
might not be appreciated, even by professionals such as healthcare pro-
viders. Because of the stigma associated with ID, adolescents may refer 
to themselves as learning disabled, dyslexic, language disordered, or slow 
learners. Some people with ID emulate their social milieu to be accepted. 
Adolescents with mild ID are both at high risk of being bullied and of 
being taken advantage of from a social perspective. 

ETIOLOGIC EVALUATION
ID is one of the most frequent reasons for referral to pediatric genetic 
providers, with separate but similar etiologic evaluation guidelines 
(see Table 56.1). ID is a diagnosis of great clinical heterogeneity, with 
only a subset of syndromic etiologies identifiable through classic dys-
morphology. If diagnosis is not made after conducting an appropriate 

history and physical examination, chromosomal microarray and test-
ing for fragile X syndrome are often the recommended first steps in 
the etiologic evaluation of ID. Other testing to consider in the etiologic 
evaluation include exome or whole genome sequencing, neuroimag-
ing, metabolic testing, and electroencephalography (Fig. 56.1).

Decisions to pursue an etiologic diagnosis should be based on the 
medical and family history, physical examination, and the family’s 
wishes. Table 56.7 summarizes clinical practice guidelines and the 
yields of testing to assist in decisions about evaluating the child with 
GDD or ID. Yield of testing tends to increase with worsening severity 
of delays (see also Tables 56.1 and 56.2).

Microarray analysis has replaced a karyotype as first-tier testing, 
given that it discerns abnormalities that are far below the resolution 
of a karyotype. Microarray analysis will detect copy number varia-
tions but may result in identification of variants of unknown signifi-
cance or benign variants and therefore should be used in conjunction 
with a genetic consultation. Karyotyping has a role when concerns 
for trisomy, inversions, balanced insertions, and reciprocal translo-
cations are present. If microarray analysis is not diagnostic, whole 
exome sequencing (WES) increases the diagnostic yield in children 
with nonsyndromic severe ID, especially when associated conditions 
such as autism, epilepsy, or movement disorders are present. WES 
will identify nucleotide sequence variants within the coding region of 
genes which affect protein function, missing structural and noncod-
ing variants, and trinucleotide repeat disorders. Starting with WES 
may be more cost-effective and may substantially reduce time to diag-
nosis with higher ultimate yields compared with the traditional diag-
nostic pathway. Whole genome sequencing, which identifies variants 
within both exons and introns, represents the most comprehensive 
sequencing option, providing roughly 3,000 times more data than a 
microarray. Multimodal genome-wide analysis has identified mono-
genic etiologies in difficult to diagnose patients when previous testing 
did not reveal a diagnosis.

Molecular genetic testing for fragile X syndrome is currently rec-
ommended, although a relatively low diagnostic yield has led some to 
suggest that this should not be considered a first-line test for all chil-
dren with ID or GDD. Yields are highest in males with moderate ID, 
unusual physical features, and/or a family history of ID or for females 
with more subtle cognitive deficits associated with severe shyness and 
a relevant family history, including premature ovarian failure or later-
onset tremor-ataxia symptoms (see Chapter 59). For children with a 
strong history of X-linked ID, specific testing of genes or the entire 
chromosome may be revealing. Testing for Rett syndrome (methyl 
CpG–binding protein 2 [MECP2]) should be considered in females 
with moderate to severe disability, though WES may supplant this.

Table 56.6    � Common Presentations of Intellectual Disability 
by Age

AGE AREA OF CONCERN

Newborn Dysmorphic syndromes, (multiple  
congenital anomalies), microcephaly

Major organ system dysfunction (e.g., 
feeding, breathing)

Early infancy (2-4 mo) Failure to interact with the environment
Concerns about vision and hearing 

impairments

Later infancy (6-18 mo) Gross motor delay

Toddlers (2-3 yr) Language delays or difficulties

Preschool (3-5 yr) Language difficulties or delays
Behavior difficulties, including play
Delays in fine motor skills: cutting,  

coloring, drawing

School age (>5 yr) Academic underachievement
Behavior difficulties (e.g., attention,  

anxiety, mood, conduct)

Table 56.5    � Physical Examination of a Child with Suspected Developmental Disabilities—cont’d

ITEM POSSIBLE SIGNIFICANCE

Nails Hypoplastic or dysplastic: fetal alcohol, trisomies, Coffin Siris syndrome

NEUROLOGIC
Asymmetry of strength and tone Focal lesion, hemiplegic cerebral palsy

Hypotonia Prader-Willi, Down, and Angelman syndromes; gangliosidosis; early cerebral palsy; muscle disorders 
(dystrophy or myopathy)

Hypertonia Neurodegenerative conditions involving white matter, cerebral palsy, trisomy 18

Ataxia Ataxia-telangiectasia, metachromatic leukodystrophy, Angelman syndrome

Spine Sacral dimple/hairy patch: spina bifida

OTHER
Neck Webbed neck/low posterior hairline: Turner syndrome, Noonan syndrome

Chest Shield-shaped chest: Turner syndrome
Inverted nipples; congenital disorders of glycosylation

CHARGE, Coloboma, heart defects, atresia choanae, retarded growth, genital anomalies, ear anomalies (deafness); CATCH-22, cardiac defects, abnormal face, thymic hypoplasia, 
cleft palate, hypocalcemia, defects on chromosome 22; PKU, phenylketonuria.

Modified from Simms M. Intellectual and developmental disability. In: Kliegman RM, Lye PS, Bordini BJ, et al, (eds). Nelson Pediatric Symptom-Based Diagnosis. Philadelphia: 
Elsevier; 2018: Table 24.11, p. 376.
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A child has global developmental delay of unclear cause. Which element belongs in the
recommended initial assessment?

A. A three-generation family pedigree and detailed developmental history

B. A single school report without examination

C. Empirical antipsychotic treatment for all children

D. No hearing evaluation if newborn screening passed

E. Genetic testing only after adulthood

Original table 56.7  |  Nelson printed p. 354  |  PDF p. 401

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10
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Before making the diagnosis of ID, other disorders that affect cogni-
tive abilities and adaptive behavior should be considered. These include 
conditions that mimic ID and others that involve ID as an associated 
impairment. Sensory deficits (severe hearing and vision loss), com-
munication disorders, refractory seizure disorders, poorly controlled 
mood disorders, or unmanaged severe attention deficits can mimic 
ID; certain progressive neurologic disorders can appear as ID before 
regression is appreciated. Approximately half of children with cere-
bral palsy (see Chapter 638.1) and one third of children with autism 
spectrum disorder (see Chapter 58) also have ID. Differentiation of 
isolated CP from ID relies on motor skills being more affected than 
cognitive skills and on the presence of pathologic reflexes and tone 
changes. Importantly, cognitive testing may be limited because of 
motor and communication impairments in CP such that an accurate 

diagnostic assessment often hinges on evaluation by a professional with 
experience with this population.

In ASD, social communication and social adaptive skills are more 
affected than nonverbal reasoning skills, whereas in ID, there are usu-
ally more equivalent deficits in social, fine motor, adaptive, and cogni-
tive skills. The discrepancy between social communication abilities and 
overall developmental abilities and the presence, severity, and intensity 
of restricted and repetitive behaviors differentiates whether an individ-
ual has ID alone or a comorbid diagnosis of ASD. Among toddlers with 
ASD, those with lower verbal and nonverbal cognitive test scores in 
conjunction with poor adaptive skills have an 85–90% chance of being 
classified as having ID in adulthood. However, across all levels of cog-
nition in ASD, there is a significant trend toward much lower adaptive 
functioning than would be expected otherwise. 

Table 56.7    � Suggested Evaluation of the Child with Intellectual Disability (ID) or Global Developmental Delay (GDD)

TEST COMMENT

In-depth history Includes prenatal, perinatal, and postnatal events (including seizures); developmental attainments; and 
three-generation pedigree in family history (focusing on neurologic or developmental abnormalities,  
miscarriages, consanguinity, etc.)

Physical examination Particular attention to minor or subtle dysmorphisms; growth issues; neurocutaneous findings; eye and 
skull abnormalities; hepatosplenomegaly; and neurologic examination for focality

Behavioral phenotype

Vision and hearing evaluation Essential to detect and treat; can mask as developmental delay

Gene microarray analysis A ∼15% yield overall
Better resolution than with karyotype; may identify up to twice as many abnormalities as karyotyping
Often included in exome testing

Karyotype No longer a first-line test
Reserve use when concerned for trisomic/monosomic conditions, inversions and balanced insertions, or 

reciprocal translocations

Fragile X screen Combined yield of 2%, preselection on clinical grounds can increase yield to 7.6%

Next-generation gene sequencing Detects inherited and de novo point mutations, especially in nonsyndromic severe intellectual disability
Whole exome sequencing gives an additional yield of about 30–40%
Pilot studies of whole genome sequencing (WGS) reveal additional yield of about 15%

Neuroimaging MRI preferred; positive findings increased by abnormalities of skull contour or microcephaly and  
macrocephaly or focal neurologic examination (30–40% if indicated, 10–14% if screening)

Identification of specific etiologies is rare; most conditions that are found do not alter the treatment plan; 
need to weigh risk of sedation against possible yield

Thyroid (T4, TSH) Near 0% in settings with universal newborn screening program

Serum lead If there are identifiable risk factors for excessive environmental lead exposure (e.g., low socioeconomic 
status, home built before 1950)

Metabolic testing Yield of 0.2–4.6% based on clinical indicators and tests performed
Urine organic acids, plasma amino acids, ammonia, lactate, and capillary blood gas
Focused testing based on clinical findings is warranted if lack of newborn screen results or suggestive  

history/exam (e.g., regression, consanguinity, hepatosplenomegaly, course facies)
Tandem mass spectrometry newborn screening has allowed for identification of many disorders in the perinatal 

period and has decreased yield in older children; other disorders have emerged, such as congenital  
disorders of glycosylation (yield 1.4%) and disorders of creatine synthesis and transport (yield 2.8%)

MECP2 for Rett syndrome 1.5% of females with criteria suggestive of Rett (e.g., acquired microcephaly, loss of skills)
0.5% of males

EEG May be deferred in absence of history of seizures or significant language regression

Repeated history and physical 
examination

Can give time for maturation of physical and behavioral phenotype; new technology may be available for 
evaluation

EEG, Electroencephalogram; CGH, comparative genomic hybridization; MECP2, methyl CpG–binding protein 2; T4, thyroxine; TSH, thyroid-stimulating hormone.
Data from Michelson DJ, Shevell MI, Sheer EH, et al. Evidence report. Genetic and metabolic testing on children with global developmental delay: Report of the Quality Standards 
Subcommittee of the American Academy of Neurology and the Practice Committee of Child Neurology. Neurology. 2011;77:1629–1635; Curry CJ, Stevenson RE, Aughton D, et al. 
Evaluation of mental retardation: Recommendations of a Consensus Conference: American College of Medical Genetics. Am J Med Genet. 1997;12:72:468–477; Shapiro BK, Batshaw 
ML. Mental retardation. In: Burg FD et al: Gellis and Kagan’s Current Pediatric Therapy, 18th ed, Philadelphia: Saunders; 2005; and Shevell M, Ashwal S, Donley D, et al. Practice 
parameter: Evaluation of the child with global developmental delay. Neurology. 2003;60:367–380.
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A child with unexplained global developmental delay is being screened for potentially treatable
metabolic disorders. Which blood test appears in the first-tier TIDE protocol?

A. Plasma amino acids

B. Serum troponin alone

C. Hemoglobin electrophoresis alone

D. A rheumatoid factor alone

E. Skin prick testing

Original table 56.8  |  Nelson printed p. 355  |  PDF p. 402

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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β-Ketothiolase Deficiency

Urine Organic Acids (n=22)

Urine Glycosaminoglycans (n=7)

Urine Creatine Metabolites (n=3)

Urine Oligosaccharides (n=2)

Urine Purines & Pyrimidines (n=2)

Plasma Amino-Acids (n=13)

Blood Tests

Urine Tests

Plasma Total Homocysteine (n=9)

Cobalamin A Deficiency
Cobalamin B Deficiency
Cobalamin C Deficiency (&tHcy)
Cobalamin D Deficiency (&tHcy)
Cobalamin F Deficiency (&tHcy)
Ethylmalonic Encephalopathy (&ACP)
Glutaric Acidemia type I

Hunter syndrome (MPS II)

AGAT deficiency
GAMT deficiency

α-Mannosidosis

Pyrimidine 5’nucleotidase
superactivity
Molybdenum Cofactor Type A
deficiency

I.o. Argininosuccinic Aciduria HHH syndrome I.o. OTC Deficiency
Phenylketonuria
PDH Complex Deficiency
Tyrosinemia type II (&UOA)

Maple Syrup Urine Disease
(Variant)
I.o. MTHFR Deficiency (&tHcy)
I.o. NAGS Deficiency

I.o. Citrullinemia
I.o. Citrullinemia Type II
I.o. CPS Deficiency
I.o. Argininemia

Homocystinuria (&UOA) Cobalamin E Deficiency
Cobalamin F Deficiency (&UOA)
Cobalamin G Deficiency

I.o. MTHFR Deficiency (&PAA)
Cobalamin C Deficiency (&UOA)
Cobalamin D Deficiency (&UOA)

Aspartylglucosaminuria

Transporter Defect
Creatine

Hurler syndrome (MPS I)
Sanfilippo syndrome (type a, b, c, d)
Sly syndrome (MPS VI)

Glutaric Acidemia type II
HMG-CoA Lyase Deficiency

MHBD Deficiency
mHMG-CoA Synthase Deficiency
I.o. Propionic Acidemia (&ACP)
SCOT Deficiency
SSADH Deficiency
Tyrosinemia type II (&PAA)

Holocarboxylase Synthetase Deficiency
Homocystinuria
I.o. Isovaleric Acidemia (&ACP)
3-Methylcrotonyl Glycinuria (&ACP)
3-Methylglutaconic Aciduria
I.o. Methylmalonic Acidemia (&ACP)

Fig. 56.2  Summary of treatable inherent errors of metabolism (IEM) that can be detected by metabolic tests in affected children, each of which is 
affordable and accessible and has the potential to identify at least 2 IEM (and up to 22). Each bar represents the yield of the specific screening test 
and lists the number and types of treatable IEM it can identify. PAA, Plasma amino acids; tHcy, total homocysteine; ACP, plasma acylcarnitine profile; 
UOA, urine organic acids. (From van Karnebeek CD, Stockler S. Treatable inborn errors of metabolism causing intellectual disability: A systematic 
literature review. Mol Genet Metab. 2012;105:368–381, Fig. 1, p. 374.)

Table 56.8    � Treatable Intellectual Disability Endeavor (TIDE) Diagnostic Protocol

TIER 1: NONTARGETED METABOLIC SCREENING TO IDENTIFY 54 (60%) TREATABLE IEM

Blood Plasma amino acids, total homocysteine, acylcarnitine profile, copper, ceruloplasmin

Urine Organic acids, purine and pyrimidines, creatine metabolites, oligosaccharides, 
glycosaminoglycans, amino acids (when indicated)

TIER 2: CURRENT PRACTICE ADHERING TO INTERNATIONAL GUIDELINES* (ONE OR MORE OF THE FOLLOWING)
Blood Cytogenetic testing (array CGH), thyroid studies, complete blood count, lead, metabolic 

testing, fragile X, targeted gene sequencing/molecular panel

Diagnostics Brain MRI and 1H spectroscopy (where available)

Referrals Audiology, ophthalmology

TIER 3: TARGETED WORKUP TO IDENTIFY 35 (40%) TREATABLE IEM REQUIRING SPECIFIC TESTING
According to patient’s symptomatology and clinician’s expertise
Use of digital tools (www.treatable-id.org)

Blood Plasma cholestanol, 7-dehydroxycholesterol:cholesterol ratio, pipecolic acid and urine α-amino 
adipic semialdehyde (AASA), very-long-chain fatty acids

Plasma vitamin B12 and folate, serum lactate to pyruvate ratio, whole blood manganese

CSF Lactate to pyruvate ratio, amino acids, neurotransmitters, CSF to plasma glucose ratio

Urine Urine deoxypyridinoline

Other Enzyme activities (leukocytes): arylsulfatase A, biotinidase, glucocerebrosidase, fatty aldehyde 
dehydrogenase

CoQ measurement: fibroblasts
Molecular analysis: CA5A, NPC1, NPC2, SC4MOL, SLC18A2, SLC19A3, SLC30A10, SLC52A2, 

SLC52A3, PDHA1, DLAT, PDHX, SPR, TH genes

*Low threshold for ordering tests.
IEM, Inborn errors of metabolism; CSF, cerebrospinal fluid; CGH, comparative genomic hybridization; CoQ, coenzyme Q (ubiquinone).
Adapted from Van Karnebeek CD, Stockler-Ipsiroglu S. Early identification of treatable inborn errors of metabolism in children with intellectual disability: The Treatable Intellectual 
Disability Endeavor protocol in British Columbia. Paediatr Child Health. 2014;19(9):469–471.
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A child with intellectual disability develops new constipation and reflux symptoms. Which
associated condition category in the table should be assessed?

A. Gastrointestinal conditions

B. Normal visual maturation

C. Dental eruption alone

D. Simple myopia

E. Seasonal pollen exposure

Original table 56.9  |  Nelson printed p. 356  |  PDF p. 403

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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DIAGNOSTIC PSYCHOLOGIC TESTING
The formal diagnosis of ID requires the administration of individual 
tests of intelligence and adaptive functioning.

The Bayley Scales of Infant and Toddler Development, Fourth Edition 
(BSID-4), the most used infant intelligence test, provides an assessment 
of cognitive, language, motor, behavior, social-emotional, and general 
adaptive abilities between 16 days and 42 months of age. The BSID-4 
correlates more strongly with other standardized tests of cognition and 
motor development than did prior versions of the test and permits 
the differentiation of infants with severe ID from typically developing 
infants, but it is less helpful in distinguishing between a typical child 
and one with mild ID.

The most used intelligence tests for children older than 3 years 
are the Wechsler Scales, although others are also used. The Wechsler 
Preschool and Primary Scale of Intelligence, Fourth Edition (WPPSI-
IV) is used for children with mental ages of 2.5-7.6 years. The 
Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V) is 
used for children who function above a 6-year-old mental age. Both 
scales contain numerous subtests in the areas of verbal and perfor-
mance skills. Although children with ID usually score low on all 
subscales, they occasionally score in the average range in one or 
more performance areas. Among children who have marked lan-
guage or verbal limitations, tests like the Differential Ability Scales-
II (DAS-II) or the Leiter International Performance Scale, Third 
Edition (Leiter-3) may be used to optimally capture nonverbal per-
formance skills.

Several normative scales are used in practice to evaluate adaptive 
functioning, often through questionnaire or interview formats, with 
information being attained from caregivers and educators in mul-
tiple different environments when possible (home, school, work). 
For example, the Vineland Adaptive Behavior Scale (VABS-3) uses 
semi-structured interviews with parents and caregivers/teachers 
to assess adaptive behavior in four domains: communication, daily 
living skills, socialization, and motor skills. Other tests of adaptive 
behavior include the Adaptive Behavior Assessment System (ABAS-
3), the Woodcock-Johnson Scales of Independent Behavior–Revised, 
and the AAIDD Diagnostic Adaptive Behavior Scale (DABS). There 
is usually (but not always) a good correlation between scores on the 
intelligence and adaptive scales in ID. However, it is important to 
recognize that adaptive behavior can by influenced by environmen-
tally based opportunities and by family or cultural expectations. 
Basic practical adaptive skills (feeding, dressing, hygiene) are more 
responsive to remedial efforts than is the IQ score itself. The trajec-
tory of adaptive skill acquisition may not be consistent over time 
because of the underlying condition, response to interventions, and 
environmental expectations. 

COMPLICATIONS AND ASSOCIATED CONDITIONS
Children with ID have higher rates of vision, hearing, neurologic, 
orthopedic, and behavioral or emotional disorders than typically 
developing children (Table 56.9). These problems are often detected 
later in children with ID. If untreated, the associated impairments 
may adversely affect the individual’s outcome more than the ID 
itself.

The more severe the ID, the greater the number and severity 
of associated impairments. Knowing the cause of the ID can help 
predict which associated impairments are most likely to occur. For 
example, fragile X syndrome (see Chapter 59) and fetal alcohol syn-
drome (see Chapter 146) are associated with a high rate of behav-
ioral disorders and may be amenable to certain treatments. Children 
with fetal alcohol syndrome may have a less robust response to 
stimulant use, whereas preliminary data suggest that children with 
fragile X syndrome may see behavioral improvements with the use 
of metformin. Other genetic conditions may have well-established 
medical comorbidities that should be screened for throughout the 
life span. For example, Down syndrome (see Chapter 57) has many 

medical complications (hypothyroidism, hearing and vision impair-
ments, obstructive sleep apnea, congenital heart disease, atlantoax-
ial subluxation). Such associated impairments can require ongoing 
physical therapy, occupational therapy, speech-language therapy, 
behavioral therapy, adaptive and mobility equipment, glasses, hear-
ing aids, and medication or other medical management. Failure to 
identify and treat these impairments can hinder successful habilita-
tion and result in difficulties in the school, home, and neighbor-
hood environment.

Special attention should be given to screening for accidental injury, 
neglect, and abuse. Children with ID have a greater risk of prevent-
able death from accidental injury. They are more likely to be victims of 
frequent, continual abuse at the hands of multiple abusers and are more 
frequently abused by unrelated or unfamiliar perpetrators compared to 
typically developing peers. Up to 15–30% of children with ID are victims 
of sexual abuse, with female teens with ID being at highest risk. Abuse may 
precipitate the onset of maladaptive behaviors and changes in mood. As 
such, a high index of suspicion must be maintained, with the knowledge 
that even individuals with severe ID may be able to reliably disclose vic-
timization and abuse. 

PREVENTION
Examples of primary programs to prevent ID include the following:
	u	 �Increasing the public’s awareness of the adverse effects of alco-

hol and other drugs of abuse on the fetus (the most common  
preventable cause of ID in the Western world is fetal alcohol ex-
posure).

	u	 �Encouraging safe sexual practices, preventing teen pregnancy, and 
promoting early prenatal care with a focus on preventive programs 
to limit transmission of diseases that may cause congenital infection 
(syphilis, toxoplasmosis, cytomegalovirus, HIV).

	u	 �Preventing traumatic injury by encouraging the use of safety tech-
nologies (car seats, window locks, helmets, gun locks).

	u	 �Preventing poisonings by teaching parents about securing medica-
tions and potential poisons.

Table 56.9    � Conditions Associated with ID

MEDICAL/PHYSICAL  
CONDITIONS

DEVELOPMENTAL/ 
PSYCHIATRIC CONDITIONS

Cerebral palsy/severe motor 
impairment

Attention-deficit/hyperactivity 
disorder

Seizures
Endocrine abnormalities (e.g., 

hypothyroidism, short stature)
GI issues (constipation, reflux)
Dysphagia
Other organ system anomalies 

(e.g., congenital heart disease, 
malformations)

Hearing loss
Vision impairment (refractive  

error, cataracts, strabismus)
Dental caries
Lead poisoning from associated 

pica
Sleep disorders (OSA, behavioral 

sleep dysfunction)
Obesity

Emotional disorders (anxiety, 
mood disorders, posttraumatic 
stress disorder)

Obsessive-compulsive disorder
Behavioral disorders (self-

injurious behavior, aggression, 
adjustment disorder, disruptive 
behavior)

Autism spectrum disorder
Eating and feeding disorders
Psychotic disorders
Movement disorders (tics,  

stereotypies,)
Developmental coordination 

disorder
Learning disabilities (difficulties not 

explained by cognition alone)
Substance abuse
Victimization (bullying, sexual 

abuse, physical abuse)

GI, Gastrointestinal; OSA, obstructive sleep apnea.
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An adolescent with mild intellectual disability has learned to use public transport, complete
basic job tasks, and manage simple daily routines with occasional support. Which support level
in the comparison table best fits?

A. Intermittent support

B. Pervasive round-the-clock support

C. No assessment of adaptive functioning

D. Intensive medical ventilation

E. Emergency-only neurologic support

Original table 56.11  |  Nelson printed p. 360  |  PDF p. 407

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13
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Periodic Reevaluation
The child’s abilities and the family’s needs change over time. As the 
child grows, more information must be provided to the child and 
family, goals must be reassessed, and programming needs should be 
adjusted. A periodic review should include information about the 
child’s health status and the child’s functioning at home, at school, and 
in other community settings. Other information, such as psychologic 
or educational testing, may be helpful. Reevaluation should be under-
taken at routine intervals (every 6-12 months during early childhood), 
at any time the child is not meeting expectations, or when the child is 
moving from one service delivery system to another. This is especially 
true during the transition to adulthood, beginning at age 16, as man-
dated by the IDEA Amendments of 2004, and lasting through age 21, 
when care should be transitioned to adult-based systems and providers 
(see Chapter 152). 

Federal and Education Services
Education is the single most important discipline involved in the 
treatment of children with an ID. In the United States, the IDEA, 
Part B, mandates a free and appropriate public education (FAPE) in 
the least restrictive environment (LRE) for all school-age children 
(3-21 years of age). Additionally, Part C mandates early interven-
tion services from birth through 36 months of age to be delivered in 
a natural environment (usually home) for all qualifying infants and 
toddlers. The developmental and educational program for children 
with GDD or ID must be relevant to the child’s unique needs and 
address the child’s individual strengths and challenges. The child’s 

developmental level, requirements for support, and goals for inde-
pendence provide a basis for early intervention services to establish 
an individualized family service plan (IFSP), which focuses on 
the family’s needs to help them optimize the development of their 
child. For children over 36 months of age, the school system devel-
ops an individualized education program (IEP), which focuses 
on the child’s educational needs. Inclusive education seeks to sup-
port the right of every child, regardless of ability, to participate in a 
broad range of activities and contexts as full members of families, 
communities, and societies with an effort to maximize access, par-
ticipation, and supports. Research on inclusion reveals benefits for 
individuals with disabilities and for typically developing children. 
As such, to the maximum extent appropriate, children with dis-
abilities should be educated with children who do not have disabili-
ties. In general, removal from the regular educational environment 
should occur only when the nature or severity of the child’s dis-
ability is such that education in regular classes with the use of sup-
plementary aids and services cannot be achieved satisfactorily, not 
simply because significant curriculum modifications are needed. 
Children who are educated in more inclusive settings, regardless 
of overall developmental level, tend to have higher rates of com-
munity participation as adults. Behavioral challenges are the most 
limiting factor in terms of full inclusion, both in school and within 
the community, emphasizing the importance of implementing early 
and consistent behavior management strategies.

Beyond education services, families of children with ID often 
are eligible for federal or state-provided social services. All states 
offer developmental disabilities programs that provide home and 

Table 56.11    � Severity of Intellectual Disability and Adult-Age Functioning

LEVEL SUPPORT LEVEL
FUNCTIONAL AGE  

EQUIVALENT AS ADULT ADULT ADAPTATION

Mild Intermittent 9-11 yr Reads at fourth- to fifth-grade level; simple multiplication and division; can 
write a simple list or letter; completes job application; basic independent 
job skills (arrive on time, stay at task, interact with coworkers); uses public 
transportation, might qualify for driver’s license; keeps house, cooks  
using recipes; challenges with planning and money management; at risk 
of being manipulated by others; may need support for making decisions 
in healthcare, shopping, finances, and raising a family.

Moderate Limited 6-8 yr Sight-word reading; copies information (e.g., address from card to job  
application); matches written number to number of items; recognizes time 
on clock; communicates; some independence in self-care;  
housekeeping with supervision or cue cards; meal preparation, can  
follow picture recipe cards; job skills learned with much repetition;  
employment in a supported environment; use of public transportation 
with some supervision; successful friendships attained, but social  
judgment and life decisions require support.

Severe Extensive 3-5 yr Little understanding of written language or number, time, and money 
concepts; needs extensive supports for problem solving; trainable in 
some basic activities of daily living, but needs some level of continuous 
support and supervision for most activities; might communicate wants 
and needs with use of basic words, phrases, gestures, or with the use of 
augmentative and alternative communication techniques; trainable in 
some basic activities of daily living.

Profound Pervasive <3 yr Dependent for self-care, continence, communication needs with supports 
required for all activities of everyday living; co-occurring physical and  
sensory limitations are common; may use objects in a goal-directed fashion 
for recreation or self-care; limited understanding of symbolic communication, 
but may understand some gestures and emotional cues; uses nonverbal 
expressions; might need complete custodial or nursing care.

Data from World Health Organization. International Statistical Classification of Diseases and Related Health Problems, 10th revision. Geneva: WHO; 2011 and American Psychiatric 
Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed. Washington, DC: American Psychiatric Association.
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A neonate has holoprosencephaly, cleft lip and palate, and scalp defects. Which chromosomal
condition in the comparison table is most likely?

A. Trisomy 13

B. Trisomy 18

C. Turner syndrome

D. Klinefelter syndrome

E. Trisomy 21

Original table 57.1  |  Nelson printed p. 362  |  PDF p. 409

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14
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moderate to mild ID). Conversely, some children who have a diagnosis 
of a specific learning disability or communication disorder might not 
maintain their rate of cognitive growth and may fall into the range of 
ID over time.

The apparent higher prevalence of ID in low- and middle-income 
countries is of concern, given the limitations in available resources. 
Community-based rehabilitation (CBR) is an effort promoted by 
the World Health Organization (WHO) over the past 4 decades as a 
means of making use of existing community resources for persons 
with disabilities in low-income countries, with the goal of increas-
ing inclusion and participation within the community. CBR is now 
being implemented in >90 countries, although the efficacy of such 
programs has not been established.

The long-term outcome of persons with ID depends on the underly-
ing cause; degree of cognitive and adaptive deficits; presence of associ-
ated medical, developmental, and behavioral impairments; capabilities 
of the families and schools; and availability of community supports, 
services, and training provided to the child and family (see Table 
56.10). As adults, many persons with mild ID can gain economic and 
social independence with functional literacy, but they may need peri-
odic support or supervision (especially when under social, economic, 
or health-related stress). Most live successfully in the community, 
either independently or in supervised settings. Many will marry, some 
will have children, and meaningful and long-lasting relationships can 
be expected.

For persons with moderate ID, the goals of education are to 
enhance adaptive abilities and “survival” academic and vocational 
skills, so they are better able to live and function in the adult world 
(Table 56.11). The concept of supported employment has been very 
beneficial to these individuals; the person is trained by a coach to 
do a specific job in the setting where the person is to work, bypass-
ing the need for a “sheltered workshop” experience and resulting 
in successful work adaptation in the community and meaningful 
inclusion. These persons generally live at home with family or in 
a supervised setting in the community, such as a community inte-
grated living arrangement (CILA) where different levels of super-
vision and support are provided depending on the needs of the 
individuals. There has been a strong movement away from institu-
tionalized living, defined as residence in a facility of four or more 
people who did not choose to live together.

As adults, people with severe to profound ID usually require exten-
sive to pervasive supports (see Table 56.11). These individuals often 
have associated impairments, such as CP, behavioral disorders, epi-
lepsy, or sensory impairments, that further limit their adaptive func-
tioning. They can perform simple tasks in supervised settings. Most 
people with this level of ID can live in the community with appropri-
ate supports, though some may require a higher level of “institutional 
care” that is best provided though smaller community-run group 
home settings.

The life expectancy of people with mild ID is similar to the gen-
eral population, with a mean age at death in the early 70s. However, 
persons with severe and profound ID have a decreased life expec-
tancy at all ages, presumably from associated serious neurologic or 
medical disorders, with a mean age at death in the mid-50s. Given 
that persons with ID are living longer and have high rates of comor-
bid health conditions in adulthood (e.g., obesity, hypertension, dia-
betes), ID is now one of the costliest ICD-10 diagnoses, with an 
average lifetime cost of 1-2 million dollars per person. Thus the pri-
orities for pediatric primary care are to improve healthcare delivery 
systems during childhood; facilitate the transition of care to adult 
providers; and ensure high-quality, integrated, community-based 
services for all persons with ID.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

PRINCIPLES OF CARING FOR CHILDREN WITH 
COMPLEX GENETIC DISORDERS
Down syndrome (trisomy 21) is the most common genetic cause 
of intellectual disability, with an incidence of 1 in 700 live births 
in the United States. Many of the principles of care for individuals 
with Down syndrome generalize to other complex genetic disor-
ders. Genetic disorders generally affect all cells in the body, and 
hence tend to be multisystemic disorders. Trisomy 21’s multisystem 
effects require monitoring of all organ systems for potential related 
issues.

Chromosome 21 is the smallest human autosome, which likely 
accounts for the relatively high fetal survival rate in trisomy 21. The 
clinical manifestations of other trisomies and aneuploidies are shown 
in Tables 57.1 and 57.2 and Figs. 57.1, 57.2, and 57.3. Fetuses with other 

Chapter 57

Down Syndrome and 
Other Abnormalities of 
Chromosome Number
Mary Pipan

Table 57.1    � Chromosomal Trisomies (13, 18) and Their 
Clinical Findings

TRISOMY 13 TRISOMY 18

HEAD AND FACE

Scalp defects (e.g., cutis aplasia)
Microphthalmia, corneal  

abnormalities
Cleft lip and palate in 60–80% 

of cases
Microcephaly
Microphthalmia
Sloping forehead
Holoprosencephaly  

(arrhinencephaly)
Capillary hemangiomas
Deafness

Small and premature appearance
Tight palpebral fissures
Narrow nose and hypoplastic 

nasal alae
Narrow bifrontal diameter
Prominent occiput
Micrognathia
Cleft lip or palate
Microcephaly

CHEST
Congenital heart disease (e.g., 
VSD, PDA, ASD) in 80% of 
cases

Thin posterior ribs (missing ribs)

Congenital heart disease (e.g., 
VSD, PDA, ASD)

Short sternum, small nipples

EXTREMITIES
Overlapping of fingers and toes 

(clinodactyly)
Polydactyly
Hypoplastic nails, hyperconvex 

nails

Limited hip abduction
Clinodactyly and overlapping 

fingers; index over third, fifth 
over fourth; closed fist

Rocker-bottom feet
Hypoplastic nails

GENERAL
Severe developmental delays 

and prenatal and postnatal 
growth restriction

Renal abnormalities
1-year survival <10%

Severe developmental delays 
and prenatal and postnatal 
growth restriction

Premature birth, polyhydramnios
Inguinal or abdominal hernias
1-year survival <10%

ASD, Atrial septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal defect.
From Behrman RE, Kliegman RM. Nelson Essentials of Pediatrics, 4th ed. Philadelphia: 
Saunders;2002: 142.
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A child with developmental delay and deep palmar and plantar furrows has a mosaic extra
autosome. Which rare aneuploidy in the table best fits?

A. Mosaic trisomy 8

B. Full trisomy 21

C. Monosomy X

D. 47,XXY

E. Trisomy 13

Original table 57.2  |  Nelson printed p. 363  |  PDF p. 410

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15
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Table 57.2    � Other Rare Aneuploidies and Partial Autosomal Aneuploidies

DISORDER KARYOTYPE CLINICAL MANIFESTATIONS

Trisomy 8 47,XX/XY,+8 Growth and mental deficiency are variable.
The majority of patients are mosaics.
Deep palmar and plantar furrows are characteristic.
Joint contractures are present.

Trisomy 9 47,XX/XY,+9 The majority of patients are mosaics.
Clinical features include craniofacial (high forehead, microphthalmia, low-set malformed ears, 
bulbous nose) and skeletal (joint contractures) malformations and heart defects (60%).

Trisomy 16 47,XX/XY,+16 The most commonly observed autosomal aneuploidy in spontaneous abortion; the recurrence 
risk is negligible.

Tetrasomy 12p 46,XX[12]/46,XX, +i(12p)
[8] (mosaicism for an 
isochromosome 12p)

Known as Pallister-Killian syndrome
Sparse anterior scalp hair (more so temporal region), eyebrows, and eyelashes; prominent 

forehead; chubby cheeks; long philtrum with thin upper lip and cupid-bow configuration; 
polydactyly; streaks of hyperpigmentation and hypopigmentation

A B C

Fig. 57.1  Several physical manifestations of trisomy 18. A, Typical profile reveals prominent occiput and low-set, posteriorly rotated malformed 
auricles. B, Clenched hand showing typical pattern of overlapping fingers. C, Rocker-bottom feet. (Courtesy Kenneth Garver, MD, Pittsburgh, PA.)

Fig. 57.2  Trisomy 13 syndrome. Note sloping forehead with variable defect in facial development. (From Jones KL, Jones MC, Del Campo M. 
Smith’s Recognizable Patterns of Human Malformation, 8th ed. Philadelphia: Elsevier; 2022: Fig. 1 A-C, p. 16.)
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A hypotonic newborn has upslanting palpebral fissures, a flat facial profile, and a poor Moro
reflex. Which syndrome in the neonatal-features table is most consistent?

A. Trisomy 21

B. Trisomy 13

C. Fragile X premutation

D. Turner syndrome

E. Phenylketonuria

Original table 57.3  |  Nelson printed p. 366  |  PDF p. 413

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16
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Table 57.3    � Clinical Features of Trisomy 21 in the Neonatal Period

CENTRAL NERVOUS SYSTEM
Hypotonia*
Developmental delay
Poor Moro reflex*

CRANIOFACIAL
Brachycephaly with flat occiput
Flat face*
Upward slanted palpebral fissures*
Epicanthal folds
Speckled irises (Brushfield spots)
Three fontanels
Delayed fontanel closure
Frontal sinus and midfacial hypoplasia
Mild microcephaly
Short, hard palate
Small nose, flat nasal bridge
Protruding tongue, open mouth
Small dysplastic ears*

CARDIOVASCULAR
Endocardial cushion defects
Ventricular septal defect
Atrial septal defect
Patent ductus arteriosus
Aberrant subclavian artery
Pulmonary hypertension

MUSCULOSKELETAL
Joint hyperflexibility*
Short neck, redundant skin*
Short metacarpals and phalanges
Short fifth digit with clinodactyly*
Single transverse palmar creases*
Wide gap between first and second toes
Pelvic dysplasia*
Short sternum
Two sternal manubrium ossification centers

GASTROINTESTINAL
Duodenal atresia
Annular pancreas
Tracheoesophageal fistula
Hirschsprung disease
Imperforate anus
Neonatal cholestasis

CUTANEOUS
Cutis marmorata

*Hall’s criteria to aid in diagnosis.

Table 57.4    � Frequency of Medical Conditions in Trisomy 21

SYSTEM CONDITION ESTIMATED FREQUENCY (IF KNOWN)

EYE
Cataracts (birth/later) 1.4%/5–37 %
Glaucoma 1%
Nystagmus 18–30%
Strabismus 19–34%
Refractive errors 80%
Astigmatism 67–74%
Nasolacrimal duct obstruction 11–30%

ENT
Stenotic ear canals 50%
Choanal atresia
Bifid uvula/mucosal cleft 5%
Laryngomalacia
Middle ear effusions 50–90%
Adeno/tonsillar hypertrophy
Hearing loss 37–78%

DENTAL
Tooth agenesis 54–58%
Malocclusion >70%
Periodontal disease ∼100% under 30 years

ENDOCRINE
Congenital hypothyroidism 1:113 to 1:141 live births
Acquired hypothyroidism 13–34%
Subclinical hypothyroidism 7–40%
Hyperthyroidism 6.5%
Type 1 diabetes mellitus 0.3–1%

CARDIAC
Congenital heart disease 44–54%
AV canal defects 42% (of CHD)
VSD 22–35%
ASD 8–16%
Tetralogy of Fallot 2–4%
Acquired mitral, tricuspid, or aortic regurgitation PDA 5–7%

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 046 / 300

46



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 17 / 30

A child with trisomy 21 has increasing difficulty with speech intelligibility despite progress in
other motor skills. Which domain in the table specifically describes this problem?

A. Speech and language

B. Cardiac anatomy

C. Renal function

D. Olfaction

E. Skin pigmentation

Original table 57.6  |  Nelson printed p. 370  |  PDF p. 417

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 17
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asymptomatic renal pelvic dilatation, kidney ectopia, proteinuria 
and hematuria, immunoglobulin A (IgA) nephropathy, and focal 
segmental glomerulosclerosis, occur more frequently than in the 
general population. There are no current guidelines for regular sur-
veillance, but clinicians need to maintain a high index of suspicion. 

Sexuality and Reproductive Health
Males and females with DS undergo puberty at similar ages to peers. In 
males, after puberty, testicular volume decreases and gonadal dysfunc-
tion worsens with age. Males are infertile, with few exceptions. Females 

with DS are fertile, having a 33% chance of having a child with DS. 
Menstrual problems, including irregular periods, and premenstrual 
irritability are common reasons for use of oral contraceptives. Most 
females manage menstrual periods well, but there may be difficulties 
with hygiene. Menopause tends to occur early.

Individuals with DS are at increased risk for sexual abuse, and care-
givers should discuss appropriate and inappropriate contact and rela-
tionships from an early age. Sexuality education should be included in 
their educational curriculum. Clinicians should discuss sexuality, birth 
control, and reproductive issues at health maintenance visits. 

Table 57.6    � Neurodevelopmental, Neurobehavioral, and Psychiatric Characteristics of Trisomy 21

MOTOR SKILLS
Gross motor skills 0-24 mo: Mild delays initially which widen with age

At 2 years 25% walking
Oromotor Dysphagia 0-6 mo: 50%

Self-feeding delays: 70%
Fine motor skill Early skills delays: ∼75%

Bimanual skill delays: 100%

SPEECH AND LANGUAGE
Intelligibility Frequently unintelligible (parent report): 5-21 yr: 54–57%

Motor speech impairment:
Delay: 27%
Articulation: 60%
Apraxia: 33%
Dysfluency:
Stuttering: 10–45%
Cluttering (abnormally rapid or irregular pace or both): 80%

Language Receptive: Similar to mental age–matched controls
Expressive: More delayed relative to mental age–matched controls
Syntax: More impaired than expressive vocabulary
Pragmatics: Same variety of language functions as mental age–matched peers; may be less 

likely to ask for clarification

SOCIAL AND EMOTIONAL DEVELOPMENT
High sociability
Joint attention compared with mental age–matched peers
Strong imitation skills
Pro-social empathetic responses to others in distress
Underexpression of emotional distress
Less frequent and shorter social referencing
Reduced ability to read facial expressions
More restricted repetitive behaviors and interests
Average social motivation but lower social cognition

COGNITION
Intellectual disability:
Mild: ∼25%
Moderate: ∼50%
Severe: ∼25%
Decline in IQ throughout childhood (slowing in developmental progress relative to same-age peers)
Strengths: Implicit memory, visual spatial sequencing, visual spatial construction, and nonverbal memory
Weaknesses: Working memory capacity, explicit memory, verbal processing, auditory short-term 

memory, complex visual spatial skills, executive functioning
Oppositional behaviors 70%
Aggression 4–15%
Self-injurious behavior 18%
Autism spectrum disorders 15–20%
ADHD 14–40%
Anxiety disorders 10–22%
Obsessive-compulsive disorders 0.5–4.5%
Depression 5–11%
Catatonia/Down syndrome disintegrative 

disorder
Multiple case series and case reports

IQ, Intelligence quotient; ADHD, attention-deficit/hyperactivity disorder.
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A preschooler has persistent deficits in social reciprocity and nonverbal communication plus
repetitive, restricted play patterns beginning early in development. Which diagnosis fits the
listed core criteria?

A. Autism spectrum disorder

B. Specific phobia

C. Provisional tic disorder

D. Isolated speech sound disorder

E. Conduct disorder

Original table 58.1  |  Nelson printed p. 374  |  PDF p. 421

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 18
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Table 58.2    � Associated Features of Autism Not in DSM-5 
Criteria

Atypical language development and abilities
Age <6 yr: frequently disordered and delayed in comprehension; 

two thirds have difficulty with expressive phonology and grammar
Age ≥6 yr: disordered pragmatics, semantics, and morphology, 

with relatively intact articulation and syntax (i.e., early difficulties 
are resolved)

Motor abnormalities: motor delay; hypotonia; catatonia; deficits in 
coordination, movement preparation and planning, praxis, gait, 
and balance

For version with full references, see American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition. Washington DC: American 
Psychiatric Association; 2013. Adapted from Lai MC, Lombardo MV, Baron-Cohen S. 
Autism. Lancet. 2014;383:896–910.

Table 58.1    � DSM-5 Diagnostic Criteria for Autism Spectrum 
Disorder

	A.	�Persistent deficits in social communication and social interaction 
across multiple contexts, as manifested by the following, currently 
or by history:

	 1.	� Deficits in social-emotional reciprocity.
	 2.	� Deficits in nonverbal communicative behaviors used for social 

interaction.
	 3.	� Deficits in developing, maintaining, and understanding 

relationships.
	B.	� Restricted, repetitive patterns of behavior, interests, or activities, as 

manifested by at least two of the following, currently or by history:
	 1.	� Stereotyped or repetitive motor movements, use of objects, or 

speech.
	 2.	� Insistence on sameness, inflexible adherence to routines, or 

ritualized patterns of verbal or nonverbal behavior.
	 3.	� Highly restricted, fixated interests that are abnormal in 

intensity or focus.
	 4.	� Hyperreactivity or hyporeactivity to sensory input or unusual 

interest in sensory aspects of the environment.
	C.	�Symptoms must be present in the early developmental period (may 

not become fully manifest until social demands exceed limited 
capacities, or may be masked by learned strategies in later life).

	D.	�Symptoms cause clinically significant impairment in social, 
occupational, or other important areas of current functioning.

	E.	� These disturbances are not better explained by intellectual 
disability (intellectual developmental disorder) or global 
developmental delay.

From the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. 
(Copyright 2013). American Psychiatric Association, pp. 50–51.

until preschool or school age, when the social demands for peer inter-
action and group participation are higher.

Social Communication and Social Interaction
Individuals with ASD have difficulty understanding and engaging in 
social relationships. The problems are pervasive and affect three major 
areas: social-emotional reciprocity, nonverbal communication, and 
understanding of social relationships. The presentation can vary with 
severity and developmental functioning. A diagnosis of ASD requires 
the presence of symptoms from all three categories (Table 58.3).

Social-Emotional Reciprocity
Reduced social interactions in ASD may range from active avoidance 
or reduced social response to having an interest in, but lacking ability 
to initiate or sustain, an interaction with peers or adults. A young child 
with ASD may not respond when their name is called, may exhibit lim-
ited showing and sharing behaviors, and may prefer solitary play. In 

addition, the child may avoid attempts by others to play and may not 
participate in activities that require taking turns, such as peek-a-boo 
and ball play. An older child with ASD may have an interest in peers 
but may not know how to initiate or join in play. The child may have 
trouble understanding the rules of conversation and may either talk at 
length about an area of interest or abruptly exit the interaction. Younger 
children often have limited capacity for imaginative or pretend play. 
Older children may engage in play and conversation but lack flexibility 
and may be highly directive to peers. Some children with ASD interact 
well with adults but struggle to interact with same-age peers. 

Nonverbal Communicative Behavior
Difficulties with nonverbal communication may manifest as reduced or 
overly intense use of eye contact and gestures such as pointing. Children 
may also show reduced awareness or response to the eye gaze or pointing 
of others. They may use eye contact only when communicating a highly 
preferred request or may have difficulty coordinating the use of nonver-
bal with verbal communication. Children with ASD may have limited 
range of facial social-communicative expression or expressed emotion.

Developing, Maintaining, and Understanding  
Relationships
Children with ASD have limited insight regarding social relationships. 
They may have difficulty understanding the difference between a true 
friend and a casual acquaintance, and even when the definitions are 
well understood, there may still be difficulty in developing and main-
taining more intimate relationships They have trouble picking up on 
the nuances of social interactions and understanding social expecta-
tions for polite behavior. They may have reduced understanding of per-
sonal boundaries and may stand too close to others. In addition, they 
can have trouble understanding and inferring others’ emotions and are 
less likely to share emotion or enjoyment with others. Adolescents and 
young adults have difficulty engaging in group interactions and navi-
gating romantic relationships. 

Restrictive and Repetitive Behavior
A diagnosis of ASD requires the presence of two of the four symptoms 
of restrictive and repetitive patterns of behavior discussed next.

Stereotyped Motor Movements or Speech
Stereotyped (or stereotypic) movements and repetitive behaviors 
may include hand flapping, finger movements, body rocking and 
lunging, jumping, running and spinning, and repetitive speech such 
as echoing words immediately after they are said. Repetitive pat-
terns of play may be present, such as lining up objects, repetitively 
turning light switches on and off or opening and closing doors, 
spinning objects, or arranging toys in a specific manner. These 
repetitive patterns may not be seen in very young toddlers but may 
develop as they get older. Stereotyped movements can change over 
time and in older children are seen more often in individuals with 
lower cognitive functioning. 

Insistence on Sameness
Children with ASD have difficulty tolerating transitions or change. 
They may insist on certain routines or schedules and can become 
very distressed with unexpected events or new situations. They may 
repeat scripts from shows or movies or watch the same portion of 
a video repeatedly. Intolerance for change can cause significant 
impairment and irritability and have an effect on child and family 
function. 

Restricted Interests
This symptom may manifest as interests that seem of greater intensity 
when compared to same-age peers. Younger children may play with a 
limited range of toys or may insist on retaining a small object in each 
hand. Older children may have a strong preference for a particular 
story or movie. The area of interest may be shared by peers (e.g., Dis-
ney movies, Legos, Thomas the Train) but unusual in its intensity. 
Other affected children may have interests that are both intense and 
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A child with autism has motor abnormalities and unusual language development. How does the
table classify these findings?

A. Associated features not required by DSM-5 core criteria

B. Mandatory evidence of a separate psychotic disorder

C. Features that exclude autism

D. Evidence of a primary hearing deficit in every case

E. Required proof of an inborn error of metabolism

Original table 58.2  |  Nelson printed p. 374  |  PDF p. 421

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19
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Table 58.2    � Associated Features of Autism Not in DSM-5 
Criteria

Atypical language development and abilities
Age <6 yr: frequently disordered and delayed in comprehension; 

two thirds have difficulty with expressive phonology and grammar
Age ≥6 yr: disordered pragmatics, semantics, and morphology, 

with relatively intact articulation and syntax (i.e., early difficulties 
are resolved)

Motor abnormalities: motor delay; hypotonia; catatonia; deficits in 
coordination, movement preparation and planning, praxis, gait, 
and balance

For version with full references, see American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition. Washington DC: American 
Psychiatric Association; 2013. Adapted from Lai MC, Lombardo MV, Baron-Cohen S. 
Autism. Lancet. 2014;383:896–910.

Table 58.1    � DSM-5 Diagnostic Criteria for Autism Spectrum 
Disorder

	A.	�Persistent deficits in social communication and social interaction 
across multiple contexts, as manifested by the following, currently 
or by history:

	 1.	� Deficits in social-emotional reciprocity.
	 2.	� Deficits in nonverbal communicative behaviors used for social 

interaction.
	 3.	� Deficits in developing, maintaining, and understanding 

relationships.
	B.	� Restricted, repetitive patterns of behavior, interests, or activities, as 

manifested by at least two of the following, currently or by history:
	 1.	� Stereotyped or repetitive motor movements, use of objects, or 

speech.
	 2.	� Insistence on sameness, inflexible adherence to routines, or 

ritualized patterns of verbal or nonverbal behavior.
	 3.	� Highly restricted, fixated interests that are abnormal in 

intensity or focus.
	 4.	� Hyperreactivity or hyporeactivity to sensory input or unusual 

interest in sensory aspects of the environment.
	C.	�Symptoms must be present in the early developmental period (may 

not become fully manifest until social demands exceed limited 
capacities, or may be masked by learned strategies in later life).

	D.	�Symptoms cause clinically significant impairment in social, 
occupational, or other important areas of current functioning.

	E.	� These disturbances are not better explained by intellectual 
disability (intellectual developmental disorder) or global 
developmental delay.

From the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. 
(Copyright 2013). American Psychiatric Association, pp. 50–51.

until preschool or school age, when the social demands for peer inter-
action and group participation are higher.

Social Communication and Social Interaction
Individuals with ASD have difficulty understanding and engaging in 
social relationships. The problems are pervasive and affect three major 
areas: social-emotional reciprocity, nonverbal communication, and 
understanding of social relationships. The presentation can vary with 
severity and developmental functioning. A diagnosis of ASD requires 
the presence of symptoms from all three categories (Table 58.3).

Social-Emotional Reciprocity
Reduced social interactions in ASD may range from active avoidance 
or reduced social response to having an interest in, but lacking ability 
to initiate or sustain, an interaction with peers or adults. A young child 
with ASD may not respond when their name is called, may exhibit lim-
ited showing and sharing behaviors, and may prefer solitary play. In 

addition, the child may avoid attempts by others to play and may not 
participate in activities that require taking turns, such as peek-a-boo 
and ball play. An older child with ASD may have an interest in peers 
but may not know how to initiate or join in play. The child may have 
trouble understanding the rules of conversation and may either talk at 
length about an area of interest or abruptly exit the interaction. Younger 
children often have limited capacity for imaginative or pretend play. 
Older children may engage in play and conversation but lack flexibility 
and may be highly directive to peers. Some children with ASD interact 
well with adults but struggle to interact with same-age peers. 

Nonverbal Communicative Behavior
Difficulties with nonverbal communication may manifest as reduced or 
overly intense use of eye contact and gestures such as pointing. Children 
may also show reduced awareness or response to the eye gaze or pointing 
of others. They may use eye contact only when communicating a highly 
preferred request or may have difficulty coordinating the use of nonver-
bal with verbal communication. Children with ASD may have limited 
range of facial social-communicative expression or expressed emotion.

Developing, Maintaining, and Understanding  
Relationships
Children with ASD have limited insight regarding social relationships. 
They may have difficulty understanding the difference between a true 
friend and a casual acquaintance, and even when the definitions are 
well understood, there may still be difficulty in developing and main-
taining more intimate relationships They have trouble picking up on 
the nuances of social interactions and understanding social expecta-
tions for polite behavior. They may have reduced understanding of per-
sonal boundaries and may stand too close to others. In addition, they 
can have trouble understanding and inferring others’ emotions and are 
less likely to share emotion or enjoyment with others. Adolescents and 
young adults have difficulty engaging in group interactions and navi-
gating romantic relationships. 

Restrictive and Repetitive Behavior
A diagnosis of ASD requires the presence of two of the four symptoms 
of restrictive and repetitive patterns of behavior discussed next.

Stereotyped Motor Movements or Speech
Stereotyped (or stereotypic) movements and repetitive behaviors 
may include hand flapping, finger movements, body rocking and 
lunging, jumping, running and spinning, and repetitive speech such 
as echoing words immediately after they are said. Repetitive pat-
terns of play may be present, such as lining up objects, repetitively 
turning light switches on and off or opening and closing doors, 
spinning objects, or arranging toys in a specific manner. These 
repetitive patterns may not be seen in very young toddlers but may 
develop as they get older. Stereotyped movements can change over 
time and in older children are seen more often in individuals with 
lower cognitive functioning. 

Insistence on Sameness
Children with ASD have difficulty tolerating transitions or change. 
They may insist on certain routines or schedules and can become 
very distressed with unexpected events or new situations. They may 
repeat scripts from shows or movies or watch the same portion of 
a video repeatedly. Intolerance for change can cause significant 
impairment and irritability and have an effect on child and family 
function. 

Restricted Interests
This symptom may manifest as interests that seem of greater intensity 
when compared to same-age peers. Younger children may play with a 
limited range of toys or may insist on retaining a small object in each 
hand. Older children may have a strong preference for a particular 
story or movie. The area of interest may be shared by peers (e.g., Dis-
ney movies, Legos, Thomas the Train) but unusual in its intensity. 
Other affected children may have interests that are both intense and 
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A 2-year-old has lost previously used words and now rarely points to share interest. Which next
step best follows the preschool warning-sign table?

A. Prompt developmental and hearing assessment for possible autism

B. Reassure that regression is expected at this age

C. Wait until age 5 for evaluation

D. Prescribe antibiotics without examination

E. Restrict interaction with peers

Original table 58.3  |  Nelson printed p. 375  |  PDF p. 422

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20
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unusual, such as an interest in brands of vehicles, license plate num-
bers, or fans and heating systems. These interests interfere with social 
interactions; a child may only want to talk about their area of interest 
or may insist that peers act out a particular story in a rigid and inflex-
ible manner. 

Hyporeactivity or Hyperreactivity to Sensory Input
Children with ASD may be overly sensitive to sensory input, such 
as noise, smells, or texture. Children may scream or react strongly 
when they hear a siren or vacuum and may gag and choke with cer-
tain foods or odors. They may refuse to wear certain clothing or may 
become very distressed with bathing or with cutting nails and hair. 
Conversely, some affected children seem to crave sensory input. They 
may engage in repetitive jumping or hugging and may smell or lick 
objects or people. Young children may inappropriately touch the face 
or hair of others.

Diagnosing ASD with DSM-5 criteria can be challenging in very 
young children because of reduced expression of repetitive behaviors, 
particularly stereotyped behavior and intense interests. Studies moni-
toring development in high-risk young children who have an older 
sibling with ASD indicate these additional symptoms may emerge 
over time. This creates a dilemma for specialty clinicians evaluating 
very young children for ASD, because they may not be able to endorse 
sufficient symptoms to make an early diagnosis and access specialized 
intervention services. 

Severity Levels Defined in DSM-5
Severity levels in ASD are based on the level of support the individual 
requires in each of the major domains impacted—social communica-
tion and restricted interests and repetitive behavior. Levels range from 
“needing support” (level 1), to “needing substantial support” (level 2), 
to “needing very substantial support” (level 3) (Table 58.4). 

Specifiers Defined in DSM-5
A formal diagnosis of ASD also includes documenting associated 
conditions, including whether the individual has cognitive and/or 
language impairment; any related medical, genetic, or environmen-
tal factors; and any other neurodevelopmental or behavioral health 
conditions, including catatonia (Table 58.5). This process helps 
to better characterize the presentation in an individual child and 
ensures that the diagnosis has been made by considering the symp-
toms in the context of the child’s current cognitive and language 
abilities. 

EPIDEMIOLOGY
The prevalence of ASD is estimated at 1 in 36 persons by the U.S. 
Centers for Disease Control and Prevention (CDC). This infor-
mation comes from prevalence data of 8-year-olds derived from 
11 sites participating in the Autism and Developmental Disabili-
ties Network (ADDM) and shows a greater than 300% increase in 
prevalence since systematic surveillance began in the year 2000. 
The increased prevalence relates, at least in part, to improved diag-
nosis and case finding, as well as inclusion of less severe presenta-
tions within the autism spectrum. There is a 4:1 male predominance, 
although new emerging information suggests that the prevalence in 
females may be higher than previously believed. Females with ASD 
often use “camouflaging,” which is intentionally or unconsciously 
hiding social communication difficulties by mimicking the facial 
expressions of others, having more effective compensatory behav-
iors, and displaying less clearly unusual preoccupying interests. All 
of these things, including clinician bias, may decrease girls with 
ASD being diagnosed. The prevalence is increased in siblings (up 
to 18% recurrence rate) and particularly in identical twins. There 
are no racial or ethnic differences in prevalence. Individuals from 
racial minorities and lower socioeconomic status are at risk for later 

Table 58.3    � Signs and Symptoms of Possible Autism in Preschool Children (or Equivalent Mental Age)

Spoken Language
Language delay (in babbling or using words; e.g., using <10 words 

by age 2 yr).
Regression in, or loss of, use of speech.
Spoken language (if present) may include unusual features, such 

as vocalizations that are not speechlike; odd or flat intonation; 
frequent repetition of set words and phrases (echolalia); reference 
to self by name or “you” or “she” or “he” beyond age 3 yr.

Reduced and/or infrequent use of language for communication (e.g., 
use of single words, although able to speak in sentences).

Responding to Others
Absent or delayed response to name being called, despite normal 

hearing.
Reduced or absent responsive social smiling.
Reduced or absent responsiveness to other people’s facial 

expressions or feelings.
Unusually negative response to the requests of others (“demand 

avoidance” behavior).
Rejection of cuddles initiated by parent or caregiver, although the 

child may initiate cuddles.

Interacting with Others
Reduced or absent awareness of personal space, or unusually 

intolerant of people entering their personal space.
Reduced or absent social interest in others, including children of 

own age—may reject others; if interested in others, child may 
approach others inappropriately, seeming to be aggressive or 
disruptive.

Reduced or absent imitation of others’ actions.
Reduced or absent initiation of social play with others; plays alone.
Reduced or absent enjoyment of situations that most children like 

(e.g., birthday parties).
Reduced or absent sharing of enjoyment.

Eye Contact, Pointing, and Other Gestures
Reduced or absent use of gestures and facial expressions 

to communicate (although may place an adult’s hand on 
objects).

Reduced and poorly integrated gestures, facial expressions, body 
orientation, eye contact (looking at people’s eyes when speaking), 
and speech used in social communication.

Reduced or absent social use of eye contact (assuming adequate 
vision).

Reduced or absent “joint attention” (when one person alerts another 
to something by means of gazing, finger pointing, or other verbal 
or nonverbal indication for the purpose of sharing interest). This 
would be evident in the child from lack of:
Gaze switching
Following a point (looking where the other person points to—may 

look at hand)
Using pointing at or showing objects to share interest

Ideas and Imagination
Reduced or absent imagination and variety of pretend play.

Unusual or Restricted Interests and/or Rigid and Repetitive  
Behaviors
Repetitive “stereotypic” movements such as hand flapping, body 

rocking while standing, spinning, and finger flicking.
Repetitive or stereotyped play (e.g., opening and closing doors).
Overfocused or unusual interests.
Excessive insistence on following own agenda.
Extremes of emotional reactivity to change or new situations; 

insistence on things being “the same.”
Overreaction or underreaction to sensory stimuli, such as textures, 

sounds, or smells.
Excessive reaction to the taste, smell, texture, or appearance of 

food, or having extreme food fads.

Adapted from Baird G, Douglas HR, Murphy MS. Recognizing and diagnosing autism in children and young people: Summary of NICE guidance. BMJ. 2011;343:d6360, Box 1, p. 901.
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A child with autism initiates few social interactions and has repetitive behaviors that markedly
interfere with function across settings despite redirection. Which concept does the severity
table emphasize?

A. Support needs in both social communication and restricted/repetitive behaviors

B. A classification based only on IQ

C. A severity level based solely on age

D. Severity determined only by speech articulation

E. No need to assess functional support

Original table 58.4  |  Nelson printed p. 376  |  PDF p. 423

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 21
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diagnosis, although the most recent prevalence data suggest that 
this gap is closing. 

ETIOLOGY
The etiology of ASD is thought to result from disrupted neural con-
nectivity and is primarily impacted by genetic variations affecting 
early brain development. Animal models and studies of individuals 
with ASD indicate changes in brain volume and neural cell density 
in the limbic system, cerebellum, and frontotemporal regions. One 
study documented changes in early brain development, character-
ized as “hyperexpansion of cortical surface area,” at age 6-12 months 
on brain MRI, which correlated with later development of impaired 
social skills. Functional studies show abnormalities of processing 
information, particularly related to foundational social skills such 
as facial recognition. The disruptions in early brain development 
likely are responsive to treatment. Early developmental therapies in 
young children with ASD have demonstrated the capacity for nor-
malization of electrophysiologic response to visual stimuli, includ-
ing faces.

Numerous genes involved in brain development and synaptic func-
tion have been associated with ASD. Pathogenic variants that include 
large genetic deletions or duplications and small sequencing changes 
have been implicated; these can be inherited or occur de novo. Hetero-
zygous mutations in genes, such as present in deletion or duplication 
of 15q11.2 or 16p11.2, may have variable expression within a family. 
Rare recessive mutations have been implicated in some populations 
with high levels of consanguinity. Patients with a number of genetic 
syndromes (e.g., fragile X, Down, Smith-Lemli-Opitz, Rett, Angelman, 
Timothy, Joubert), as well as disorders of metabolism and mitochon-
drial function have higher rates of ASD than the general population 
(Tables 58.5, 58.6, and 58.7).

There is also possible evidence for environmental contributions to 
ASD. Older maternal or paternal age may increase the risk of ASD. 
In addition, factors influencing the intrauterine environment, such as 
maternal obesity or overweight, short interval from prior pregnancy, 
premature birth, and certain prenatal infections (e.g., rubella, cyto-
megalovirus), are associated with ASD. Population-level associations 
have been investigated for environmental toxins such as organophos-
phates, pesticides, air pollution, and volatile organic compounds. An 
epigenetic model is considered one explanation for the etiology; indi-
viduals with genetic vulnerability may be more sensitive to environ-
mental factors influencing early brain development.

Despite frequent concerns from families that vaccines or the pre-
servatives in vaccines lead to ASD, there is no evidence to support this 
claim. Multiple research studies and meta-analyses have failed to show 
an association of vaccines with ASD.

No biomarkers are available yet, but there is emerging evidence from 
neuroimaging findings, electrophysiologic testing, and eye tracking 
that hold the promise for presymptomatic detection along with accu-
rate clinical diagnosis and prognostic assessment. 

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of ASD is complex because many conditions 
in the differential can also occur with ASD. The most important condi-
tions to consider in young children are language disorder (see Chapter 
53), ID or GDD (Chapter 56), and hearing loss (Chapter 55). Children 
with language disorder may have impairments in social commu-
nication and play; their social and play skills, however, are typically 
on par with their language level. In addition, they do not have asso-
ciated restricted and repetitive behavior or atypical use of language, 
such as scripting. The diagnosis of social communication disorder 
is also distinguished from ASD by the lack of restrictive and repeti-
tive behaviors. Children with ID or GDD may have delays in social 
and communication skills as well as stereotyped behavior. However, 
social and communication skills are typically commensurate with their 
cognitive and adaptive functioning. Children with hearing loss may 
present with some “red flags” for ASD, such as poor response to 
name. However, they typically develop nonverbal communication 
and play skills as expected and do not have stereotyped or restricted 
behavior patterns.

In older children, disorders of attention, learning, and mood regula-
tion must be considered in the differential diagnosis of ASD. Children 
with attention-deficit/hyperactivity disorder (ADHD) may pres-
ent with reduced eye contact and response to name caused by poor 
attention rather than lack of social awareness. Children with ADHD, 
however, do not have associated impairments in shared enjoyment and 
social reciprocity or repetitive behaviors. Children with social anxiety 
or other anxiety disorders may present with some symptoms suggestive 
of ASD. Shy children may have reduced eye contact and social initia-
tion. Anxious children can be resistant to change and prefer familiar 
routines. Children with anxiety, however, typically will have preserved 
social interest and insight and will not exhibit high levels of stereotyped 
behaviors. Reactive attachment disorder can be difficult to distinguish 
from ASD, particularly in younger children with a history of prolonged 

Table 58.4    � DSM-5 Severity Levels for Autism Spectrum Disorder

SEVERITY LEVEL SOCIAL COMMUNICATION RESTRICTED, REPETITIVE BEHAVIORS

Level 3
“Requiring very 

substantial 
support”

Severe deficits in verbal and nonverbal social communication skills cause 
severe impairments in functioning, very limited initiation of social 
interactions, and minimal response to social overtures from others. 
For example, a person with few words of intelligible speech who 
rarely initiates interaction and, when he or she does, makes unusual 
approaches to meet needs only and responds to only very direct social 
approaches.

Inflexibility of behavior, extreme difficulty 
coping with change, or other restricted/
repetitive behaviors markedly interfere with 
functioning in all spheres. Great distress/
difficulty changing focus or action.

Level 2
“Requiring 

substantial 
support”

Marked deficits in verbal and nonverbal social communication skills; 
social impairments apparent even with supports in place; limited 
initiation of social interactions; and reduced or abnormal responses to 
social overtures from others. For example, a person who speaks simple 
sentences, whose interaction is limited to narrow special interests, and 
who has markedly odd nonverbal communication.

Inflexibility of behavior, difficulty coping with 
change, or other restricted/repetitive behaviors 
appear frequently enough to be obvious to the 
casual observer and interfere with functioning 
in a variety of contexts. Distress and/or difficulty  
changing focus or action.

Level 1
“Requiring support”

Without supports in place, deficits in social communication cause 
noticeable impairments. Difficulty initiating social interactions, 
and clear examples of atypical or unsuccessful responses to social 
overtures of others. May appear to have decreased interest in social 
interactions. For example, a person who is able to speak in full 
sentences and engages in communication but whose to-and-fro 
conversation with others fails and whose attempts to make friends are 
odd and typically unsuccessful.

Inflexibility of behavior causes significant 
interference with functioning in one or 
more contexts. Difficulty switching between 
activities. Problems of organization and 
planning hamper independence.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed (Copyright 2013). American Psychiatric Association, p. 52.
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A child with autistic-like behavior also has seizures and developmental delay. Which listed
genetic syndrome involving SHANK3 merits consideration?

A. Phelan-McDermid syndrome

B. Turner syndrome

C. Classic galactosemia

D. Hereditary angioedema

E. Congenital hypothyroidism

Original table 58.6  |  Nelson printed p. 378  |  PDF p. 425
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neglect or trauma. However, social behaviors in these children gener-
ally improve with positive caretaking.

The differentiation of ASD from obsessive-compulsive disorder 
(OCD), tics, and stereotyped behaviors can sometimes be challenging. 
In general, stereotyped behaviors may be calming or preferred, whereas 
tics and compulsive routines generally are distressing to the individual. 
Children with OCD have intense interests, as well as repetitive behav-
iors and rituals, but do not have impairment in social communication 
or interaction. Children with stereotypic movement disorder will not 
have impaired social skills or other types of restricted and repetitive 
behaviors. Children with Landau Kleffner syndrome (LKS) present 
with a loss of skills in language comprehension (auditory verbal agno-
sia) and verbal expression (aphasia) associated with onset of epileptic 
seizures during sleep (see Chapter 53). In contrast to ASD, children 
with LKS usually present with typical early development followed by 
loss of language function at age 3-6 years. 

CO-OCCURRING CONDITIONS
Between 35% and 50% of individuals with ASD have ID, ranging in 
severity from mild to severe (see Table 58.5). An additional 23% of 
children have intellectual functioning in the borderline range (IQ 
= 71-85), and approximately 40% of individuals with ASD are non-
verbal. ID is associated with higher rates of both identified genetic 
conditions and epilepsy. Children with ASD often have associated 
language impairments, including delays in expressive, receptive, 
and pragmatic (social) language skills. Language function can range 

Table 58.5    � Common Co-occurring Conditions in Autism Spectrum Disorder (ASD)—cont’d

COMORBIDITY
INDIVIDUALS WITH 
AUTISM AFFECTED COMMENTS

BEHAVIORAL DISORDERS
Aggressive behaviors ≤68% Often directed toward caregivers rather than noncaregivers.

Could be a result of empathy difficulties, anxiety, sensory overload, disruption of 
routines, and difficulties with communication.

Self-injurious behaviors ≤50% Associated with impulsivity and hyperactivity, negative affect, and lower levels of ability 
and speech.

Could signal frustration in individuals with reduced communication, as well as anxiety, 
sensory overload, or disruption of routines.

Could also become a repetitive habit.
Could cause tissue damage and need for restraint.

Pica ∼36% More likely in individuals with intellectual disability.
Could be a result of a lack of social conformity to cultural categories of what is deemed 

edible, or sensory exploration, or both.
Suicidal ideation or attempt 11–14% Risks increase with concurrent depression and behavioral problems and after being 

teased or bullied.

*Coloboma of the eye; heart defects; atresia of the choanae; retardation of growth and development, or both; genital and urinary abnormalities, or both; and ear abnormalities and deafness.
†Particularly in high-functioning adults.
DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
Adapted from Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet. 2014;383:896–910.

Table 58.6    � Syndromes with Autistic-Like Behaviors

CHROMOSOME DELETIONS
1q21
7q11.28
16p11.2
17q12
2q23.1 (MBD5*)
12q24.3
Cri-du-chat (5p15.2-p15.33)
22q deletion syndrome
Jacobsen (11q23.2)
Phelan-McDermid (SHANK3; 

22q13)
Pitt-Hopkins (18q21.2)

CHROMOSOME DUPLICATIONS
15q11.1-q13.3
7q11.23
18q12.2
16p11.2
1q21.1
22q11.2
Potocki-Lupski (17p11.2)

EPILEPSY ENCEPHALOPATHIES, 
EPILEPSY
Cortical dysplasia focal epilepsy
SCN1A-related syndromes 

(Dravet, Lennox Gastaut, others)
Early myoclonic encephalopathies 

(Ohtahara: STXBP1, ARX, SIK1)
SCN2A-related syndromes 

(West, others)
SLC6A1 myotonic-atonic 

epilepsy
HCN1-related epilepsies
CDKL5
SCN8A
PCDH19
SCL35A2-related disorders
Epilepsy-aphasia spectrum 

(Landau-Kleffner; GRIN2A; 
continuous spike wave during 
low-wave sleep)

Juvenile myoclonic epilepsy 
(RING2)

OTHER SYNDROMES
2q37 monosomy
Angelman
Bardet-Biedl
Cardiofaciocutaneous
CHARGE association
Cohen
Congenital rubella
Cornelia de Lange
Costello
FOXG1 variants
Fragile X
Hypomelanosis of Ito
Joubert
Kleefstra (EHMT1)
Lujan-Fryns
Moebius sequence
Muscle-eye brain disease
Myotonic dystrophy
Neurofibromatosis
Nonsyndromic intellectual 

disability due to SYNGAP1 
variants

Noonan
Oculoauriculovertebral spectrum 

(including Goldenhar)
Partial monosomy 1p36
Partial tetrasomy 15
Prader-Willi
PTEN variants
Rett complex (female >> male)
Ring chromosome 14
SETD1B variants
Sex chromosome aneuploidies
Sashi-Pena (ASXL2)
Smith-Lemli-Opitz
Smith-Magenis
Sotos
Timothy
Tolchin-Le Caignec (TOLCAS)
Trisomy 21
Tuberous sclerosis
WAGR
Wiedemann-Steiner (KMT2A)
Williams

*Italics denoted affected gene
Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis, 2nd ed. Philadelphia: Elsevier; 2023: Table 32.6, p. 537.

Table 58.7    � Inborn Errors of Metabolism with Autistic-Like 
Behavior

Adenylosuccinate lyase deficiency
Biotinidase deficiency
Cerebral creatinine deficiency
Cerebral folate deficiency
Ceroid lipofuscinosis (infantile)
Cystathionine β-synthase deficiency
Dihydropyrimidinase deficiency
Disorders of creatine transport or metabolism
Homocystinuria
Lesch-Nyhan syndrome
Methylenetetrahydrofolate reductase deficiency
Mitochondrial disorders
Mucopolysaccharidosis
Phenylketonuria (untreated)

Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis, 2nd ed. Philadelphia: Elsevier; 2023: Table 32.8, p. 539.
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A child with autism-like behavior has a suggestive metabolic history and seizures. Which
treatable metabolic disorder listed in the table warrants consideration?

A. Biotinidase deficiency

B. Isolated familial tall stature

C. Uncomplicated myopia

D. Primary dental caries

E. Habitual snoring alone

Original table 58.7  |  Nelson printed p. 378  |  PDF p. 425
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neglect or trauma. However, social behaviors in these children gener-
ally improve with positive caretaking.

The differentiation of ASD from obsessive-compulsive disorder 
(OCD), tics, and stereotyped behaviors can sometimes be challenging. 
In general, stereotyped behaviors may be calming or preferred, whereas 
tics and compulsive routines generally are distressing to the individual. 
Children with OCD have intense interests, as well as repetitive behav-
iors and rituals, but do not have impairment in social communication 
or interaction. Children with stereotypic movement disorder will not 
have impaired social skills or other types of restricted and repetitive 
behaviors. Children with Landau Kleffner syndrome (LKS) present 
with a loss of skills in language comprehension (auditory verbal agno-
sia) and verbal expression (aphasia) associated with onset of epileptic 
seizures during sleep (see Chapter 53). In contrast to ASD, children 
with LKS usually present with typical early development followed by 
loss of language function at age 3-6 years. 

CO-OCCURRING CONDITIONS
Between 35% and 50% of individuals with ASD have ID, ranging in 
severity from mild to severe (see Table 58.5). An additional 23% of 
children have intellectual functioning in the borderline range (IQ 
= 71-85), and approximately 40% of individuals with ASD are non-
verbal. ID is associated with higher rates of both identified genetic 
conditions and epilepsy. Children with ASD often have associated 
language impairments, including delays in expressive, receptive, 
and pragmatic (social) language skills. Language function can range 

Table 58.5    � Common Co-occurring Conditions in Autism Spectrum Disorder (ASD)—cont’d

COMORBIDITY
INDIVIDUALS WITH 
AUTISM AFFECTED COMMENTS

BEHAVIORAL DISORDERS
Aggressive behaviors ≤68% Often directed toward caregivers rather than noncaregivers.

Could be a result of empathy difficulties, anxiety, sensory overload, disruption of 
routines, and difficulties with communication.

Self-injurious behaviors ≤50% Associated with impulsivity and hyperactivity, negative affect, and lower levels of ability 
and speech.

Could signal frustration in individuals with reduced communication, as well as anxiety, 
sensory overload, or disruption of routines.

Could also become a repetitive habit.
Could cause tissue damage and need for restraint.

Pica ∼36% More likely in individuals with intellectual disability.
Could be a result of a lack of social conformity to cultural categories of what is deemed 

edible, or sensory exploration, or both.
Suicidal ideation or attempt 11–14% Risks increase with concurrent depression and behavioral problems and after being 

teased or bullied.

*Coloboma of the eye; heart defects; atresia of the choanae; retardation of growth and development, or both; genital and urinary abnormalities, or both; and ear abnormalities and deafness.
†Particularly in high-functioning adults.
DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
Adapted from Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet. 2014;383:896–910.

Table 58.6    � Syndromes with Autistic-Like Behaviors

CHROMOSOME DELETIONS
1q21
7q11.28
16p11.2
17q12
2q23.1 (MBD5*)
12q24.3
Cri-du-chat (5p15.2-p15.33)
22q deletion syndrome
Jacobsen (11q23.2)
Phelan-McDermid (SHANK3; 

22q13)
Pitt-Hopkins (18q21.2)

CHROMOSOME DUPLICATIONS
15q11.1-q13.3
7q11.23
18q12.2
16p11.2
1q21.1
22q11.2
Potocki-Lupski (17p11.2)

EPILEPSY ENCEPHALOPATHIES, 
EPILEPSY
Cortical dysplasia focal epilepsy
SCN1A-related syndromes 

(Dravet, Lennox Gastaut, others)
Early myoclonic encephalopathies 

(Ohtahara: STXBP1, ARX, SIK1)
SCN2A-related syndromes 

(West, others)
SLC6A1 myotonic-atonic 

epilepsy
HCN1-related epilepsies
CDKL5
SCN8A
PCDH19
SCL35A2-related disorders
Epilepsy-aphasia spectrum 

(Landau-Kleffner; GRIN2A; 
continuous spike wave during 
low-wave sleep)

Juvenile myoclonic epilepsy 
(RING2)

OTHER SYNDROMES
2q37 monosomy
Angelman
Bardet-Biedl
Cardiofaciocutaneous
CHARGE association
Cohen
Congenital rubella
Cornelia de Lange
Costello
FOXG1 variants
Fragile X
Hypomelanosis of Ito
Joubert
Kleefstra (EHMT1)
Lujan-Fryns
Moebius sequence
Muscle-eye brain disease
Myotonic dystrophy
Neurofibromatosis
Nonsyndromic intellectual 

disability due to SYNGAP1 
variants

Noonan
Oculoauriculovertebral spectrum 

(including Goldenhar)
Partial monosomy 1p36
Partial tetrasomy 15
Prader-Willi
PTEN variants
Rett complex (female >> male)
Ring chromosome 14
SETD1B variants
Sex chromosome aneuploidies
Sashi-Pena (ASXL2)
Smith-Lemli-Opitz
Smith-Magenis
Sotos
Timothy
Tolchin-Le Caignec (TOLCAS)
Trisomy 21
Tuberous sclerosis
WAGR
Wiedemann-Steiner (KMT2A)
Williams

*Italics denoted affected gene
Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis, 2nd ed. Philadelphia: Elsevier; 2023: Table 32.6, p. 537.

Table 58.7    � Inborn Errors of Metabolism with Autistic-Like 
Behavior

Adenylosuccinate lyase deficiency
Biotinidase deficiency
Cerebral creatinine deficiency
Cerebral folate deficiency
Ceroid lipofuscinosis (infantile)
Cystathionine β-synthase deficiency
Dihydropyrimidinase deficiency
Disorders of creatine transport or metabolism
Homocystinuria
Lesch-Nyhan syndrome
Methylenetetrahydrofolate reductase deficiency
Mitochondrial disorders
Mucopolysaccharidosis
Phenylketonuria (untreated)

Modified from Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric 
Symptom-Based Diagnosis, 2nd ed. Philadelphia: Elsevier; 2023: Table 32.8, p. 539.
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A child with autism spectrum disorder has never had genetic evaluation. Which investigation is
listed for all individuals in the table?

A. Chromosomal microarray

B. PET scan of the brain

C. Routine muscle biopsy

D. A lead level in every child regardless of exposure

E. Whole-body CT

Original table 58.8  |  Nelson printed p. 380  |  PDF p. 427
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380  Part IV  u  Learning and Developmental Disorders

standard deviations (SD) above the mean should have testing for patho-
logic variants in the PTEN gene because there is a risk for hamartoma 
tumor disorders (Cowden, Proteus-like, Bannayan-Riley-Ruvakaba 
syndromes) in these individuals. Cytogenetic testing (karyotype) has a 
lower yield than CMA. Karyotype is recommended if microarray is not 
available and in children with suspected balanced translocation, such 
as history of multiple prior miscarriages.

Further medical diagnostic testing is indicated by the child’s history 
and presentation. Brain imaging (MRI) is indicated in cases of micro-
cephaly, significant developmental regression, seizures, or focal findings 
on neurologic examination. Because of the high rate (up to 25%) of mac-
rocephaly in ASD, imaging is not indicated for macrocephaly alone. MRI 
is not recommended for minor language regression (loss of a few words) 
during the second year of life that is often described in toddlers with 
ASD. Children with concern for seizures, spells, or developmental regres-
sion should have an electroencephalogram (EEG). Metabolic screening is 
indicated for children with signs of a metabolic or mitochondrial disor-
der, such as developmental regression, weakness, fatigue, lethargy, cyclic 
vomiting, or seizures (see Table 58.7 and Chapters 56 and 104).

Next-Generation Sequencing
Whole exome sequencing (WES) can identify single-nucleotide vari-
ants, including pathogenic loss of function mutations and missense 
mutations; studies have identified a molecular diagnosis in nearly 30% 
of individuals tested because of the presence of a neurodevelopmental 

disorder. If the initial genetic testing is negative, clinicians should con-
sider ordering this test in conjunction with genetic counseling to aid in 
understanding results. 

TREATMENT AND MANAGEMENT
Approaches to Intervention
The primary treatment for ASD is done outside the medical setting 
and includes developmental and educational programming (Fig. 58.1). 
Numerous resources have been developed that can help families in the 
complex process of treatment planning (Table 58.9). Intensive behav-
ioral therapies have the strongest evidence to date. Earlier age at ini-
tiation of treatment and higher intensity of treatment are associated 
with better outcomes, although recent studies comparing two different 
treatments at different levels of intensity (15 vs 25 hr/wk) did not show 
significant differences between groups in any of the outcomes assessed. 
Programming must be individualized, and no approach is successful 
for all children. In addition, research treatments are often conducted 
with a high level of intensity and fidelity that is difficult to scale up 
or reproduce in community settings. Higher cognitive, play, and joint 
attention skills and lower symptom severity at baseline are predictors 
for better outcomes in core symptoms, intellectual function, and lan-
guage function.

There are many evidence-based approaches to treating children with 
ASD, with three main approaches identified. The intervention with the 
strongest evidence base is applied behavioral analysis (ABA), which 
is based on the principles of direct incremental teaching of skills within 
a traditional behavioral framework using reinforcement of desired 
behavior, careful data collection, and analysis and adjustment of the 
treatment program based on review of data. The second is develop-
mental relationship-based intervention (DRBI), which includes 
parent-mediated interventions that focus on building warm, mean-
ingful interaction to improve communication, learning, and problem 
solving. The best-known approach in this category is Floortime. The 
third approach is the naturalistic developmental behavioral inter-
vention, which builds upon ABA to incorporate more choices for chil-
dren and is implemented in natural situations. Comprehensive models 
integrating behavioral and developmental approaches that build on 
key foundational skills, such as joint attention, shared enjoyment, and 
reciprocal communication, show strong evidence of efficacy for young 
children, particularly toddlers, with ASD. Examples include the Early 
Start Denver Model (ESDM), Joint Attention Symbolic Play Engagement 
and Regulation (JASPER), and Social Communication/Emotional Regu-
lation/Transactional Support (SCERTS).

Educational approaches such as the Treatment and Education of 
Autistic and Communication Handicapped Children (TEACCH) incor-
porate structured teaching, visual supports, and adjustment of the 
environment to the individual needs of students with ASD, such as dif-
ficulty with communication, understanding time, and need for routine. 
These approaches have demonstrated efficacy for improved cognitive 
and adaptive skills. For older children with more severe symptoms, 
approaches that use behavioral principles in addition to adjusting the 
environment may be most effective.

Speech and language therapy can help build vocabulary, comprehen-
sion, and pragmatic skills. Children with ASD benefit from visual supports 
for comprehension, understanding expectations, and communicating their 
needs. Augmentative communication approaches using photographs or 
picture icons can improve comprehension and ability to communicate (see 
Chapter 54). There are a range of options with varying levels of complex-
ity, flexibility, and technology. Using augmentative communication does 
not inhibit acquisition of verbal language. On the contrary, supporting a 
child’s language development with augmentative supports can facilitate the 
development of spoken language, even in older children.

Additional strategies to build social skills are used for school-age 
children and adolescents and may be administered in the school 
or community setting by a variety of specialists, including speech 
therapists, psychologists, and counselors. Social skills programs 
that include training peer mentors have higher rates of efficacy. 

Table 58.8    � Medical and Genetic Evaluation of Children 
with Autism Spectrum Disorder

PHYSICAL EXAMINATION
Dysmorphic physical features
Muscle tone and reflexes
Head circumference
Wood lamp examination for tuberous sclerosis

DIAGNOSTIC TESTING
Chromosomal microarray (CMA) in all individuals
Fragile X DNA test in males
Audiology and vision evaluation
Lead test in children with pica

ADDITIONAL TARGETED GENETIC TESTING
Fragile X DNA test in females with symptoms suggestive of fragile 

X, family history of X-linked intellectual disability, tremor, ataxia, or 
premature ovarian failure

MeCP2 sequencing in females
PTEN testing if head circumference >2.5 standard deviations (SD) 

above the mean
MeCP2 deletion/duplication testing in males with significant 

developmental regression, drooling, respiratory infections, and 
hypotonia

Karyotype if unable to obtain CMA or if balanced translocation 
suspected

ADDITIONAL TARGETED DIAGNOSTIC TESTING
Electroencephalogram (EEG) in children with seizures, staring spells, 

or developmental regression
Brain MRI in children with dysmorphology, microcephaly, focal neurologic 

findings, seizures, severe hypotonia, or developmental regression
Metabolic testing in children with developmental regression, 

hypotonia, seizures, food intolerance, cyclic vomiting, lethargy, 
hearing loss, ataxia, or course facial features

Exome or genome sequencing if atypical features are present 
(behavioral or dysmorphic) (see Table 56.1)

Data from Schaefer GB, Mendelsohn NJ. Clinical genetics evaluation in identifying 
the etiology of autism spectrum disorders: 2013 guideline revisions. Genet Med. 
2013;15(5):399–407 and Lord C, Charman T, Havdahl A, et al. The Lancet Commission 
on the future of care and clinical research in autism. Lancet. 2022;399:271–326.
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A child with autism is prescribed a stimulant for significant hyperactivity. Which parameters
listed in the treatment table should be monitored?

A. Height, weight, blood pressure, and heart rate

B. Only a weekly chest radiograph

C. Only serum amylase

D. Only visual acuity

E. No physical parameters

Original table 58.10  |  Nelson printed p. 382  |  PDF p. 429
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developing children. Children with pica should have lead and iron 
levels monitored.

Management of co-occurring attention and mood disorders 
is similar to that for typically developing children. Strategies to 
increase structure and organization in the environment and use of 
visual supports (e.g., schedules) can improve attention and reduce 
anxiety. Some children with ASD benefit from modified cognitive-
behavioral therapy to address anxiety and OCD. (see Chapter 31).

Strategies to promote sleep hygiene and use of behavioral 
approaches, such as structured bedtime routines, can address 
delayed sleep onset. Other medical problems, such as epilepsy or 
GERD, can also contribute to poor sleep and should be treated 
directly. In cases refractory to behavioral approaches, medications 
may be used.

Structured behavioral approaches for delayed toilet training in 
concert with treatment to prevent constipation are often needed 
for children with ASD. For children with highly restrictive diets, 
nutrition counseling and behaviorally based feeding therapy may 
be needed to address poor caloric intake or lack of nutritional qual-
ity. Because of limited diets, children with ASD may be at risk for 
low levels of calcium, vitamins C and D, and iron. Children who are 
overweight may still have poor nutrition as a result of restrictive 
diets.

Irritability is a nonspecific symptom and can be a reflection of pain, 
anxiety, distress, or lack of sleep. Children with ASD are prone to irri-
tability because of their difficulty tolerating change and their limited 
communication skills. Management of irritability includes evaluating 
carefully for medical problems that may be causing pain and for any 
factors in the child’s home or school environment that may be caus-
ing distress. Possible causes of distress range from common experi-
ences such as changes in the routine to undisclosed abuse or bullying. 
Treatment should be targeted first at any underlying cause. Medica-
tions are often used to treat irritability in ASD, but should only be used 
after appropriate behavioral and communication supports have been 
implemented. 

Pharmacology
There are currently no medications that treat the core symptoms of 
ASD. Medications can be used to target specific co-occurring condi-
tions or symptoms (Table 58.10; see also Table 58.5). Families should 
be cautioned, however, that the effect size may be lower and the rate of 
medication side effects higher in children with ASD.

Preliminary data suggested that intranasal therapy with neuropep-
tide oxytocin may improve social functioning in children with ASD, 
particularly those with low pretreatment oxytocin levels, but a recent 
randomized trial did not demonstrate any effect of oxytocin on social 
or cognitive functioning.

There is evidence to support the use of stimulant medications, 
atomoxetine, and α-agonists for ADHD in ASD. Selective serotonin 
reuptake inhibitors (SSRIs) can be used for anxiety and OCD and in 
adolescents may also be useful for depression. Benzodiazepines may 
be useful for situational anxiety, for example, triggered by dental and 
medical procedures or air travel. Medications used to treat ADHD and 
anxiety may result in activation or irritability in ASD and require care-
ful monitoring.

Melatonin can be used to improve sleep onset but will not address 
night waking. Clonidine or trazodone may be used for sleep onset and 
maintenance. No medications are specifically labeled for treatment of 
insomnia in ASD.

The α-adrenergic agonists may be helpful in children who pres-
ent with significant behavioral dysregulation. There are two atypical 
antipsychotic medications that have U.S. Food and Drug Admin-
istration (FDA) recommendation for irritability and aggression in 
children with ASD. Both risperidone and aripiprazole have several 
studies documenting efficacy for reducing irritability, aggression, 
and self-injury. Secondary improvements in attention and repeti-
tive behavior were also noted. Side effects include weight gain and 
metabolic syndrome, as well as tardive dyskinesia and extrapyra-
midal movements. Careful laboratory monitoring is recommended. 
Mood-stabilizing antiepileptic medications have also been used to 
treat irritability. 

Table 58.10    � Common Pharmacologic Treatments in Autism Spectrum Disorder (ASD)

TARGET SYMPTOM MEDICATION CLASS* EFFECTS SIDE EFFECTS MONITORING

Hyperactivity and/or 
Inattention

Stimulants Decreased hyperactivity,  
impulsivity, improved 
attention

Activation, irritability, emotional  
lability, lethargy/social withdrawal, 
stomach ache, reduced appetite, 
insomnia, increased stereotypy

Height, weight, BP, HR

α2-Agonists Decreased hyperactivity,  
impulsivity, improved  
attention

Drowsiness, irritability, enuresis, 
decreased appetite, dry mouth, 
hypotension

Height, weight, BP, HR

Selective norepinephrine 
reuptake inhibitor

Decreased hyperactivity, 
impulsivity, improved 
attention

Irritability, decreased appetite, 
fatigue, stomach ache, nausea, 
vomiting, racing heart rate

Height, weight, BP, HR

Anxiety Selective serotonin 
reuptake inhibitors

Decreased anxiety Activation, hyperactivity,  
inattention, sedation, change in 
appetite, insomnia, stomachache, 
diarrhea

Citalopram: prolonged QTc interval

Weight, BP, HR

Irritability Atypical antipsychotics  
(risperidone, 
aripiprazole)

Decreased irritability,  
aggression, self-injurious 
behavior, repetitive 
behavior, hyperactivity

Somnolence, weight gain, 
extrapyramidal movements, 
drooling, tremor, dizziness, 
vomiting, gynecomastia

Weight, BP, HR
Monitor CBC, cholesterol, 

ALT, AST, prolactin,  
glucose or hemoglobin 
A1c

Insomnia Melatonin Shortened sleep onset Nightmares, enuresis —

*Specific medication names are provided in parentheses when there is a Food and Drug Administration (FDA)–approved indication for the use of the medication to treat the 
symptom in children with ASD. Further information about these medications is available in Chapter 33.

BP, Blood pressure; HR, heart rate; CBC, complete blood count; ALT, alanine transaminase; AST, aspartate transaminase.
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A child has an FMR1 allele with more than 200 CGG repeats and gene silencing by methylation.
Which category in the table does this represent?

A. Full mutation

B. Intermediate allele

C. Normal allele

D. Autosomal trisomy

E. Mitochondrial deletion
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Table 59.1    	�  Risk of Expansion of a Premutation to a 
Full Mutation in Male Offspring Based on 
Maternal Number of CGG Triplet Repeats

MATERNAL CGG TRIPLET 
REPEAT NUMBER

RISK FOR EXPANSION OF  
PREMUTATION TO FULL MUTATION

59-69 37%

70-79 65%

80-89 70%

90-99 95%

100 or more 100%

CGG triplet repeat, Cytosine-guanine-guanine trinucleotide repeat.
From Fragile X Syndrome. Clinical Overview. Elsevier Point of Care. https://www.clinica
lkey.com/#!/content/clinical_overview/67-s2.0-c9588237-6031-4f21-b273-34970f89cd2e. 
Updated June 14, 2021. Copyright Elsevier. All rights reserved; with data from 
Hersh JH et al. Health supervision for children with fragile X syndrome. Pediatrics. 
2011;127(5):994–1006, Table 1; and Saul RA et al. FMR1-related disorders. In: Pagon RA 
et al, eds. GeneReviews [internet]. University of Washington; 1993–2018.

Table 59.2    	  Phenotypic and Genetic Effect of Number of CGG Repeats

VARIATION TYPE CGG ALLELE SIZE TYPICAL PHENOTYPE GENETIC CONSEQUENCES

Full mutation More than 200 repeats Males are affected with fragile X syndrome
About 50% of females are affected with 

fragile X syndrome

Repeat expansion and methylation typically 
result in partial or complete silencing of FMR1

Females usually benefit from having two X 
chromosomes, because usually one of them is 
unaffected (i.e., no expanded CGG repeats) and 
X-inactivation does not silence all copies of it

Premutation About 55-200 repeats Patients typically have normal intellect, 
and some may have mild manifestations 
associated with fragile X syndrome

Carriers may be at increased risk for fragile 
X–associated tremor ataxia syndrome and 
FMR1-related primary ovarian insufficiency

FMRP expression is usually not significantly 
impaired; however, larger mutations may have 
lowered expression

Alleles are at risk for CGG expansion during 
maternal gametogenesis, and offspring are at 
risk for fragile X syndrome

Intermediate (gray 
zone)

About 45-54 repeats Patient does not have fragile X syndrome 
caused by CGG repeats

A minority of intermediate/gray zone alleles may 
have minor instability; however, expansion of 
CGG repeats is unlikely, and if it occurs, it will 
not reach full mutation number within a single 
generation

Normal About 5-44 repeats Patient does not have fragile X syndrome 
caused by CGG repeats

No meiotic or mitotic instability is present; 
alleles are transmitted without any change in 
repeat number

FMR1 gene, FMRP translational regulator 1; FMRP, fragile X mental retardation protein.
From Fragile X Syndrome. Clinical Overview. Elsevier Point of Care. https://www.clinicalkey.com/#!/content/clinical_overview/67-s2.0-c9588237-6031-4f21-b273-34970f89cd2e. 
Updated June 14, 2021. Copyright Elsevier. All rights reserved; with data from Hersh JH et al. Health supervision for children with fragile X syndrome. Pediatrics. 2011;127(5):994–1006, 
Table 1; and Saul RA et al. FMR1-related disorders. In: Pagon RA et al, eds. GeneReviews [internet]. University of Washington; 1993–2018.

Adolescents should be monitored for seizures and heart murmurs, and 
adults with FXS are at increased risk for mitral valve prolapse. Adults 
are also at risk for intention tremor and ataxia and premature meno-
pause, which can also occur in those with the premutation. Table 59.3 
includes phenotypic features, clinical signs, and their typical age of 
onset.

Family History and Premutation Carriers
Collecting a detailed family history can help identify potential risk 
factors for FXS. Individuals with premutation triplet repeat expan-
sions have been found to have a variety of clinical manifestations. 
Fragile X–associated tremor/ataxia syndrome (FXTAS) is a pro-
gressive neurodegenerative disorder that most commonly affects 

males over age 50 years. Females are less commonly affected and 
tend to have mild disease. Symptoms include an intention tremor 
followed by ataxia that may manifest as needing support when 
walking or with a wide-based gait. Females with premutation tri-
ple repeat expansions are at risk for developing fragile X–associ-
ated premature ovarian insufficiency (FXPOI). Women with this 
condition undergo menopause approximately 5 years earlier than 
women without the condition, but symptoms are variable, with the 
most severely affected experiencing irregular or absent menstrual 
periods before age 40 and often infertility. A variety of neuropsychi-
atric symptoms, including anxiety, ADHD, social deficits, or autism 
spectrum disorder (ASD), have also been associated with the pre-
mutation. Asking about family members for a history of develop-
mental, behavioral, or learning problems or adult family members 
with early menopause, fertility challenges, or adult-onset neuro-
logic problems may help to identify risk for a positive fragile X test 
in a child with developmental or behavioral concerns. Asymptom-
atic siblings or other family members may benefit from testing to 
determine premutation status, which can also be associated with the 
symptoms noted earlier. See Table 59.3 for additional information 
about clinical symptoms in premutation carriers. 

Diagnostic Testing
A diagnosis of FXS is possible through PCR and Southern blot 
analysis of a patient’s blood. Positive DNA testing shows an expan-
sion of >200 trinucleotide CGG repeats inside an area of the FMR1 
gene on the X chromosome. Diagnostic testing that reports meth-
ylation status of the gene region is preferred because methylation 
status is inversely correlated with cognitive functioning. Because 
the physical features of FXS are not always apparent in early child-
hood, diagnostic testing is recommended for any child who pres-
ents with global developmental delay, intellectual disability, or ASD 
(see Chapters 56 and 58). Any positive test for fragile X should 
include genetic counseling to inform of inheritance risk, pheno-
typic variability, and medical conditions associated with FXS and 
premutation status. Specific gene (AFF2) testing for FRAXE should 
be considered if CGG repeat testing is negative. 
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A boy with developmental delay has hypotonia, attention difficulties, and features of fragile X
syndrome. Which clinical pattern in the table is associated with a full mutation?

A. Early developmental delay with behavioral and physical features

B. Normal development until adulthood in all carriers

C. An isolated congenital cataract without developmental issues

D. Acute episodic fever without cognitive symptoms

E. Only a progressive peripheral neuropathy

Original table 59.3  |  Nelson printed p. 385  |  PDF p. 432

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 27
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MANAGEMENT OF FRAGILE X SYNDROME
Management of FXS in children often requires a multidisciplinary 
approach focused on monitoring for and managing developmental 
and/or behavioral symptoms. In addition to health supervision visits 
with a primary care clinician, many children with FXS benefit from 
ongoing care with a medical professional with experience or knowl-
edge of FXS. Families will also benefit from accessing educational and 
behavioral health resources in the community.

Educational
Many individuals with FXS will require educational support to meet 
their needs starting from a young age. Early intervention services, 
including speech therapy, occupational therapy, physical therapy, 
and special instruction, are often vital components of address-
ing developmental delays. As a child ages and ongoing assessment 
occurs, special education support through an individualized edu-
cation plan (IEP) may be warranted (See Chapter 49). There are 
interventions shown to be specific to the learning needs of indi-
viduals with FXS. Biologic males typically demonstrate strengths in 
receptive language, verbal labeling, simultaneous processing, imi-
tation, and daily living activities. Biologic females typically dem-
onstrate areas of strength in vocabulary, comprehension, reading, 
writing, spelling, and short-term visual memory. These advantages 
should be explored when educational interventions are being devel-
oped. Areas often in need of interventions for individuals with FXS 
include improving complex problem solving, maintaining atten-
tion, improving impulse control, understanding spatial relation-
ships, and math concepts.

Environmental modifications and adaptive technologies can be 
an asset for an individual with FXS. This can include a modified 
keyboard and/or mouse and touch-screen computer options inte-
grated into classroom lessons. A quiet environment with minimal 
distractions can help improve focus on tasks. Small group and one-
on-one instruction for teaching new tasks can minimize anxiety and 
improve generalization of skills to the larger classroom. Teaching 
students to request breaks when feeling overwhelmed can minimize 
overall frustration. Visual schedules, manipulatives, clutter-free 
areas, and social stories are all interventions to improve compliance 
and learning. 

Behavioral
Individuals with FXS can present with a variety of cognitive and 
behavioral challenges. ASD is diagnosed in between 50% and 60% 
of individuals with FXS. ASD is characterized by deficits in com-
munication and social skills along with restricted interests and/or 
repetitive behaviors that interfere with one’s daily life (see Chapter 
58). Individuals with FXS can struggle with making eye contact, 
engaging in conversations, and expressing wants and needs. Often 
individuals with FXS want social contact but may avoid it due to 
anxiety. Hyperarousal is a common behavioral symptom, particu-
larly in social situations where eye contact is expected, suggesting 
the presence of significant sensory aversions. Behavioral interven-
tions that include skill development and anxiety management can 
be helpful in addressing social skills deficits. Other sensory-aversive 
behaviors can be related to auditory, visual, or tactile stimuli. Tan-
trums, and occasionally aggression, can emerge when children with 
FXS are overstimulated.

Sensory-seeking behaviors can also be present in individuals with 
FXS. These may include repetitive movements, narrowed interests, 
rigid routines, and atypical sensory exploration. Behaviors such as 
rocking, pacing, and jumping could occur to obtain sensory input. 
Individuals with FXS can become extremely anxious if a routine is 
changed or if a preferred activity is interrupted. Teaching coping strat-
egies along with the recognition of triggers for anxiety can be helpful as 
a behavior management strategy.

Individuals with FXS can present with deficits in attention and 
focus, impulsivity, and/or hyperactivity, particularly during child-
hood. This can lead to a diagnosis of ADHD (see Chapter 50). 
These deficits can affect learning in school and require specialized 

Table 59.3    	�  Clinical Features of Fragile X Syndrome and 
Premutation Carriers

COGNITIVE, BEHAVIORAL, AND 
PHYSICAL CHARACTERISTICS

AGE REPORTED

FULL MUTATION FRAGILE X SYNDROME (>200 CGG REPEATS)

Hypotonia Infancy

Reflux Infancy

Poor suck Infancy

Developmental delay/intellectual disability 
(96% males, 64% females)

Early childhood

Autism (46% males, 16% females) Early childhood

Attention problems (84% males, 67% 
females)

Early childhood

Hyperactivity (66% males, 30% females) Early childhood

Anxiety (70% males, 56% females) Early childhood

Aggression (38% males, 14% females) Early childhood

Self-injurious behaviors (41% males, 10% 
females)

Early childhood

Depression (12% males, 22% females) Early childhood

Recurrent otitis media (>60%) Early childhood

Seizures (18% males, 7% females) Early childhood

Strabismus (20%) Early childhood

Sleep disturbances Early childhood

Flat feet Early childhood

Low muscle tone Early childhood

Hyperextensible joints Early childhood

Large prominent ears Early/middle childhood

Elongated face Early/middle childhood

Large testes Adolescence

Obesity (30%) Adolescence

Mitral valve prolapse Adulthood

Cognitive decline/parkinsonism (17%) Adulthood

Perseveration Adulthood

PREMUTATION CARRIERS (55-200 CGG REPEATS)

Attention problems Early childhood

Autism spectrum disorder Early childhood

Seizures Early childhood

Anxiety Adolescence

Depression Adulthood

Hypertension Adulthood

Sleep disturbances Adulthood

Migraine Adulthood

Fibromyalgia Adulthood

Hypothyroidism Adulthood

Fragile X–associated primary ovarian 
insufficiency (FXPOI) (∼20%)

Adulthood

Fragile X–associated tremor ataxia syndrome 
(FXTAS) (40% males, 16% females)

Later adulthood

Data from National Center on Birth Defects and Developmental Disabilities, Centers 
for Disease Control and Prevention. Data and Statistics on Fragile X Syndrome, 2021; 
Hagerman RJ, Berry-Kravis E, Hazlett HC, et al. Fragile X syndrome. Nat Rev Dis 
Primers. 2017;3:17065; Hersh JH, Saul RA; Committee on Genetics. Health supervision 
for children with fragile X syndrome. Pediatrics. 2011;127(5):994–1006; Wheeler A, Raspa 
M, Hagerman R, Mailick M, Riley C. Implications of the FMR1 Premutation for Children, 
Adolescents, Adults, and Their Families. Pediatrics. 2017;139(Suppl 3):S172–S182.
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A dietitian compares the recommended macronutrient energy distribution for a toddler and an
older child. Which nutrient in the table has a higher recommended percent-energy range at
ages 1-3 years than at ages 4-18 years?

A. Fat

B. Carbohydrate

C. Omega-3 polyunsaturated fat

D. Omega-6 polyunsaturated fat

E. Water

Original table 60.2  |  Nelson printed p. 388  |  PDF p. 435

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 28
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Nutrition for infants, children, and adolescents should maintain cur-
rent weight and support normal growth and development. Growth 
during infancy is rapid, critical for neurocognitive development, and 
has the highest energy and nutrient requirements relative to body size 
compared with any other period of growth. It is followed by growth 
during childhood, when 60% of total growth occurs, and finally by 
puberty. Nutrition and growth during the first 3 years of life pre-
dict adult stature and some health outcomes. Although the anteced-
ents are numerous and occur earlier, the major risk period for linear 
growth faltering or stunting (length- or height-for-age z score ≤-2) 
is between 6 and 24 months of age. Therefore it is critical to identify 
nutrient deficiencies promptly and to address them aggressively early 
in life, because missing them can impart lasting adverse effects on later 
growth and development.

Dietary intake should meet energy requirements, as well as provide 
the essential macronutrients and micronutrients needed for sustain-
ing the function of multiple vital processes. Nutrient deficiencies can 
limit growth, impair immune function, affect neurodevelopment, and 
increase morbidity and mortality. Worldwide, malnutrition and under-
nutrition are the leading causes of acquired immunodeficiency and a 
major factor underlying morbidity and mortality in children <5 years 
of age.

The transition in food supply and the type of nutrition chosen in 
many developing countries from a traditional to Western diet has 
resulted in increased life expectancy and adult stature. It is associated 
with decreases in the incidence of communicable diseases. Unfortu-
nately, the Western diet, characterized by high energy density, more 
refined grains, and highly processed foods, is also frequently accompa-
nied by decreased physical activity and increases in the incidence and 
prevalence of noncommunicable diseases such as type 2 diabetes, car-
diovascular (CV) disease, obesity, inflammatory bowel disease (IBD), 
and certain cancers. Consequently, it is important to view the impact 
of diet and nutrition on health from various perspectives: to prevent 
deficiency, to promote adequacy, and to prevent or reduce the risk for 
acquiring diseases associated with excess intakes, such as obesity, dia-
betes, and CV disease.

Advances in our understanding of the roles of some nutrients such 
as vitamin D, polyunsaturated fatty acids (PUFAs), and fiber have 
changed our focus from recommendations about preventing deficiency 
to recommendations about nutritional intake associated with optimal 
health. The 2006 World Health Organization (WHO) growth charts, 
recommended for all infants and children until age 2 years, are not only 
descriptive but also prescriptive on how children with adequate nutri-
tion and healthcare should grow. Identifying and providing appropri-
ate and adequate nutrition in infancy and childhood are critical to 
supporting normal growth and development, as well as providing the 
foundation for lifelong health and well-being.

DIETARY REFERENCE INTAKES
The dietary reference intakes (DRI) were established by the Food 
and Nutrition Board of the U.S. Institute of Medicine (IOM), currently 

known as the National Academy of Medicine (NAM), to provide guid-
ance on the nutrient needs for individuals and groups across different 
life stages and according to gender (Tables 60.1-60.3 and see Tables 
60.5 and 60.6).

The DRI represent a series of indicators that are used as a basis for 
macronutrient and micronutrient intake recommendations for healthy 
populations within the United States and Canada. The DRI also serve 
as an estimation of the Dietary Guidelines for Americans 2020-2025 
(DGA) Daily Nutritional Goals. DRI indicators include the estimated 
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Table 60.1    � Equations to Estimate Energy Requirements

INFANTS AND YOUNG CHILDREN: EER (KCAL/DAY) = TEE + ED

0-3 mo EER = (89 × weight [kg] − 100) + 175

4-6 mo EER = (89 × weight [kg] − 100) + 56

7-12 mo EER = (89 × weight [kg] − 100) + 22

13-36 mo EER = (89 × weight [kg] − 100) + 20

CHILDREN AND ADOLESCENTS 3-18 YR: EER (KCAL/DAY) = 
TEE + ED

BOYS
3-8 yr EER = 88.5 − (61.9 × age [yr] + PA × [(26.7 × weight [kg] 

+ (903 × height [m])] + 20

9-18 yr EER = 88.5 − (61.9 × age [yr] + PA × [(26.7 × weight [kg] 
+ (903 × height [m])] + 25

GIRLS
3-8 yr EER = 135.3 − (30.8 × age [yr] + PA [(10 × weight [kg] + 

(934 × height [m])] + 20

9-18 yr EER = 135.3 − (30.8 × age [yr] + PA [(10 × weight [kg] + 
(934 × height [m])] + 25

EER, Estimated energy requirement; TEE, total energy expenditure; ED, energy 
deposition (energy required for growth /new tissue accretion).

PA indicates the physical activity coefficient:
For boys:
PA = 1.00 (sedentary, estimated physical activity level 1.0-1.4); PA = 1.13 (low active, 

estimated physical activity level 1.4-1.6); PA = 1.26 (active, estimated physical activity 
level 1.6-1.9); PA = 1.42 (very active, estimated physical activity level 1.9-2.5)

For girls:
PA = 1.00 (sedentary, estimated physical activity level 1.0-1.4); PA = 1.16 (low active, 

estimated physical activity level 1.4-1.6); PA = 1.31 (active, estimated physical activity 
level 1.6-1.9); PA = 1.56 (very active, estimated physical activity level 1.9-2.5)

Adapted from Kleinman RE (ed). Pediatric Nutrition Handbook, 7th ed. Elk Grove 
Village, IL: American Academy of Pediatrics; 2013.

Table 60.2    � Acceptable Macronutrient Distribution Ranges

AMDA (% OF ENERGY)

MACRONUTRIENT AGE 1-3 YR AGE 4-18 YR

Fat 30-40 25-35

ω6 PUFAs (linoleic acid) 5-10 5-10

ω3 PUFAs (α-linolenic acid) 0.6-1.2 0.6-1.2

Carbohydrate 45-65 45-65

Protein 5-20 10-30

PUFAs, Polyunsaturated fatty acids.
Adapted from Otten JJ, Hellwig JP, Meyers LD (eds). Dietary Reference Intakes: The 
Essential Guide to Nutrient Requirements. Washington, DC: Institute of Medicine, 
National Academies Press; 2006.
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A mother asks what distinguishes human milk beyond providing calories. Which property listed
in the table contributes to protection of the infant mucosa?

A. Secretory immunoglobulin A

B. High levels of added synthetic sweeteners

C. Complete absence of immune proteins

D. A requirement for sterile preparation after every feed

E. The same composition as cow milk

Original table 61.1  |  Nelson printed p. 409  |  PDF p. 456

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 29
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weight-for-length are used in the WHO growth charts from birth to 2 
years. Body mass index (BMI) can be calculated but is not recommended 
for use in children <2 years. Stature, weight, and BMI are used in the CDC 
2000 growth charts from 2 to 20 years of age. These charts can be used to 
categorize children as underweight (<5th BMI percentile), normal weight 
(5-85th), overweight (85-95th), and obese (≥95th BMI percentile).

Severe obesity is defined as BMI ≥120% of the 95th percentile or 
BMI ≥35 kg/m2 (whichever is lower). This assessment corresponds to 
approximately the 99th percentile or a BMI z score ≥2.33. Severe obe-
sity that exceeds the 99th percentile is tracked on a specialized percen-
tile curve for obesity. Furthermore, adult classification is used for BMI 
≥27 kg/m2 in adolescents over age 18 for consideration of medication 
and bariatric surgery.

It is important to consider the limitations in the use of WHO and 
CDC growth charts for certain populations such as premature infants, 
children with certain genetic disorders (e.g., Turner syndrome, Down 
syndrome, Wolf-Hirschhorn syndrome, achondroplasia) and chil-
dren with cerebral palsy. Specific growth charts addressing the unique 
growth characteristics of these children are available from various 
resources, including the AAP.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Early feeding experiences can support the development of healthy 
eating habits, optimal growth and development, and prevention of 
chronic disease throughout the life course. Childhood nutrition is 
known to play a role in the origin of adult diseases such as type 2 diabe-
tes, hypertension, obesity, and metabolic syndrome. To support devel-
opment and to prevent chronic disease, appropriate feeding practices 
are best established in the neonatal period and continued throughout 
childhood and adolescence to adulthood. Healthful feeding in children 
requires partnerships between family members, the healthcare system, 
schools, the community, and policy makers.

FEEDING DURING THE FIRST YEAR OF LIFE
Breastfeeding
The American Academy of Pediatrics (AAP) and World Health Orga-
nization (WHO) have declared breastfeeding and the administration 
of human milk to be the ideal practice for infant feeding and nutrition. 
Breastfeeding has documented short- and long-term medical and neu-
rodevelopmental advantages and rare contraindications (Tables 61.1, 
61.2, and 61.3). The AAP and the WHO recommend that infants be 
exclusively fed human breast milk for approximately 6 months. Breast-
feeding ideally should be continued with the introduction of comple-
mentary foods until 24 months of age or longer, if mutually desired by 
the mother and infant. We recognize that there are some lactating indi-
viduals who do not identify as women/mothers and may prefer the use 
of other terms, including the use of chestfeeding in lieu of breastfeed-
ing. This is a consideration that a practitioner may need to make when 
speaking to a family member who uses these alternative terms. The suc-
cess of breastfeeding initiation and continuation depends on multiple 
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factors, such as education about breastfeeding, hospital breastfeeding 
practices and policies, routine and timely follow-up care, family and 
societal support, and the health of the mother (Tables 61.4 and 61.5). 
Breastfeeding support from both professionals and lay individuals has 
a positive impact on breastfeeding success, and the importance of such 
support cannot be overstated.

Feedings are initiated soon after birth unless medical conditions 
preclude them. Mothers can be encouraged to feed at both breasts 
at each feeding, starting with the breast offered second at the last 
feeding. For optimal milk production, it is preferable to fully empty 
the first breast before moving to the second breast, rather than par-
tially emptying both sides. It is not unusual for an infant to fall asleep 
after the first breast and refuse the second. Table 61.6 summarizes 
patterns of milk supply in the first week. Pacifiers may help prevent 
sudden infant death syndrome in breastfed infants, but it is not rec-
ommended to introduce until breastfeeding is well established and 
should not be used to try to increase time between feeds or in lieu of 
a feed in a baby showing hunger cues.

Breastfeeding is a learned skill for both mother and infant, and 
support from a provider knowledgeable in breastfeeding is critical, 
especially as milk production is established in the first few weeks post-
partum. It is helpful to instruct new mothers about infant hunger cues 
and correct nipple latch, positioning of the infant on the breast, and 
feeding frequency. It is also suggested that someone trained in lactation 
observe a feeding to evaluate positioning, latch, milk transfer, maternal 
responses, and infant satiety. Attention to these issues during the new-
born period allows dialog with the mother and family and can prevent 
problems that could occur with improper technique or knowledge of 
breastfeeding. Discussions about normal infant feeding, infant elimina-
tion patterns, breast engorgement, breast care, and maternal nutrition 
are important aspects of the hospital discharge process. A follow-up 
appointment with a lactation specialist is recommended within 24-48 
hours after hospital discharge. The AAP recommends that exclusively 
breastfed infants start supplementation with vitamin D (10 mcg, or 400 
IU) by 2 weeks of life.

Table 61.1    � Selected Beneficial Properties of Human Milk 
Compared with Infant Formula

FACTOR ACTION

ANTIBACTERIAL FACTORS

Secretory IgA Specific antigen-targeted antiinfective 
action

Lactoferrin Immunomodulation, iron chelation,  
antimicrobial action, antiadhesive, 
trophic for intestinal growth

κ-Casein Antiadhesive, bacterial flora

Oligosaccharides Prevention of bacterial attachment

Cytokines Antiinflammatory, epithelial barrier 
function

GROWTH FACTORS
Epidermal growth factor Luminal surveillance, repair of intestine

Transforming growth  
factor (TGF)

Promotes epithelial cell growth (TGF-β)
Suppresses lymphocyte function (TGF-β)

Nerve growth factor Promotes neural growth

ENZYMES
Platelet-activating factor 

(PAF)–acetylhydrolase
Blocks action of PAF

Glutathione peroxidase Prevents lipid oxidation

Nucleotides Enhance antibody responses, bacterial 
flora

Adapted from Hamosh M. Bioactive factors in human milk. Pediatr Clin North Am. 
2001;48:69–86.
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A breastfeeding parent is diagnosed with untreated active pulmonary tuberculosis. Which
management category in the table is relevant while infectiousness is being addressed?

A. A temporary breastfeeding precaution with continued milk-expression planning as appropriate

B. An absolute permanent ban on any human milk for every TB exposure

C. No need to assess maternal infectiousness

D. Automatic initiation of complementary foods in the first week

E. A contraindication to infant vaccinations

Original table 61.2  |  Nelson printed p. 410  |  PDF p. 457

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 30
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Table 61.2    � Absolute and Relative Contraindications to 
Breastfeeding Because of Maternal Health 
Conditions

MATERNAL 
HEALTH 
CONDITION DEGREE OF RISK

HIV and HTLV  
infection

In the United States, breastfeeding is  
contraindicated.

In other settings, health risks of not 
breastfeeding must be weighed against the 
risk of transmitting the virus to the infant.

Tuberculosis 
infection

Direct breastfeeding is contraindicated until 
completion of approximately 2 wk of  
appropriate maternal therapy.

Varicella-zoster  
infection

Infant should not have direct contact with active 
lesions.

Infant should receive immune globulin.

Herpes simplex  
infection

Breastfeeding is contraindicated with active 
herpetic lesions of the breast.

CMV infection May be found in milk of mothers who are CMV 
seropositive.

Transmission through human milk causing 
symptomatic illness in term infants is uncommon.

Hepatitis B 
infection

Infants routinely receive hepatitis B immune 
globulin and hepatitis B vaccine if mother is 
HBsAg positive.

No delay in initiation of breastfeeding is required.

Hepatitis C 
infection

Breastfeeding is not contraindicated.

COVID-19 Maternal infection is not a contraindication for 
breastfeeding or feeding expressed milk.

Ebola Confirmed maternal Ebola infection is a 
contraindication to breastfeeding and 
expressed milk.

Brucellosis Active untreated brucellosis is a contraindication 
to breastfeeding and expressed milk.

Live vaccines Smallpox and yellow fever live-virus  
vaccines are contraindicated for  
breastfeeding mothers.

Alcohol intake Limit maternal alcohol intake to <0.5 g/kg/day 
(for a woman of average weight—this is the 
equivalent of 2 cans of beer, 2 glasses of wine, 
or 2 oz of liquor).

Cigarette smoking Discourage cigarette smoking, but smoking is 
not a contraindication to breastfeeding.

Marijuana usage Metabolites, including tetrahydrocannabinol, are 
detectable in breast milk. Marijuana  
usage is not recommended but is not a strict 
contraindication to breastfeeding.

Chemotherapy, 
radio
pharmaceuticals

Breastfeeding is generally contraindicated.

CMV, Cytomegalovirus; HBsAg, hepatitis B surface antigen; HIV, human 
immunodeficiency virus; HTLV, human T-lymphotropic virus.

Adapted from Schanler RJ, Krebs NF, Mass SB (eds). Breastfeeding Handbook for Physicians, 
2nd ed. Elk Grove Village, IL: American Academy of Pediatrics; 2014: 223–226.

Nipple pain is one of the most common complaints of breastfeeding 
mothers in the immediate postpartum period. Poor infant position-
ing and improper latch are the most common reasons for nipple pain 
beyond the mild discomfort felt early in breastfeeding. If the problem 
persists and the infant refuses to feed, evaluation for nipple candidia-
sis is indicated. If candidiasis is present, the nipples can be treated with 
an antifungal cream that is wiped off of the breast before feeding, and 
the infant is treated with an oral antifungal medication.

Tongue-tie (ankyloglossia) has been associated with nipple pain, 
poor latching, and poor weight gain in breastfed and bottle-fed infants. 
Ankyloglossia is defined as a lingual frenulum that attaches close to the 
anterior tongue tip and is estimated to be present in 4–11% of new-
borns. Frenotomy is a minor surgical procedure with few complications 

Table 61.3    � Conditions for Which Human Milk May Have a 
Protective Effect

INFANT MOTHER

	•	 �Diarrhea
	•	 �Otitis media
	•	 �Urinary tract 

infection
	•	 �Necrotizing 

enterocolitis
	•	 �Septicemia
	•	 �Infant botulism
	•	 �Insulin-dependent 

diabetes mellitus
	•	 �Celiac disease

	•	 �Crohn disease
	•	 �Lymphoma
	•	 �Leukemia
	•	 �Recurrent otitis media
	•	 �Atopy
	•	 �Hospitalizations for 

respiratory illness
	•	 �Sudden infant death 

syndrome
	•	 �Obesity

	•	 �Uterine atony
	•	 �Breast cancer
	•	 �Ovarian cancer
	•	 �Cardiovascular 

disease
	•	 �Obesity
	•	 �Type 2 diabetes

Table 61.4    � Ten Hospital Practices to Encourage and  
Support Breastfeeding*†

	 1.	� Have a written breastfeeding policy that is routinely  
communicated to all healthcare staff.

	 2.	� Train all healthcare staff in the skills necessary to implement this 
policy.

	 3.	� Inform all pregnant women about the benefits and management 
of breastfeeding.

	 4.	� Help women initiate breastfeeding within 1 hour of birth.
	 5.	� Show women how to breastfeed and how to maintain lactation, 

even if they are separated from their newborns.
	 6.	� Give newborns no food or drink other than breast milk unless 

medically indicated.
	 7.	� Practice rooming-in; allow mothers and newborns to remain 

together 24 hours a day.
	 8.	� Encourage breastfeeding on demand.
	 9.	� Give no pacifiers or artificial nipples to breastfeeding infants.‡
	10.	� Foster the establishment of breastfeeding support groups and 

refer to them on discharge from the hospital or birth center.

COMPONENTS OF SAFE POSITIONING FOR THE NEWBORN 
WHILE SKIN-TO-SKIN**
	 1.	� Infant’s face can be seen.
	 2.	� Infant’s head is in “sniffing” position.
	 3.	� Infant’s nose and mouth are not covered.
	 4.	� Infant’s head is turned to one side.
	 5.	� Infant’s neck is straight, not bent.
	 6.	� Infant’s shoulders and chest face mother.
	 7.	� Infant’s legs are flexed.
	 8.	� Infant’s back is covered with blankets.
	 9.	� Mother-infant dyad is monitored continuously by staff in the 

delivery environment and regularly on the postpartum unit.
	10.	� When mother wants to sleep, infant is placed in bassinet or with 

another support person who is awake and alert.

*The 1994 report of the Healthy Mothers, Healthy Babies National Coalition Expert 
Work Group recommend that the UNICEF-WHO Baby Friendly Hospital Initiative 
be adapted for use in the United States as the United States Breastfeeding Health 
Initiative, using the adapted 10 hospital practices noted.

†Data from Baby-Friendly USA. Guidelines and evaluation criteria for facilities seeking baby-
friendly designation. Sandwich, MA: Baby Friendly USA; 2010. Available at https://www.b
abyfriendlyusa.org/for-facilities/practice-guidelines/. Accessed 10 November 2022. From 
ACOG Committee Opinion. Optimizing support for breastfeeding as part of obstetric 
practice. Obstet Gynecol. 2018;132(4):e187–e195, Boxes 1 and 2, pp. e191–e192.

‡The American Academy of Pediatrics endorsed the UNICEF-WHO Ten Steps to 
Successful Breastfeeding, but does not support a categorical ban on pacifiers 
because of their role in reducing the risk of sudden infant death syndrome and their 
analgesic benefit during painful procedures when breastfeeding cannot provide the 
analgesia.

**Data from Ludington-Hoe SM, Morgan K. Infant assessment and reduction of sudden 
unexpected postnatal collapse risk during skin-to-skin contact. Newborn Infant Nurs 
Rev. 2014;14:28–33.
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A family asks which serious intestinal complication in premature infants is among conditions
for which human milk may be protective. Which is listed?

A. Necrotizing enterocolitis

B. Intestinal malrotation

C. Hirschsprung disease

D. Pyloric stenosis

E. Intussusception

Original table 61.3  |  Nelson printed p. 410  |  PDF p. 457

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 1
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Table 61.2    � Absolute and Relative Contraindications to 
Breastfeeding Because of Maternal Health 
Conditions

MATERNAL 
HEALTH 
CONDITION DEGREE OF RISK

HIV and HTLV  
infection

In the United States, breastfeeding is  
contraindicated.

In other settings, health risks of not 
breastfeeding must be weighed against the 
risk of transmitting the virus to the infant.

Tuberculosis 
infection

Direct breastfeeding is contraindicated until 
completion of approximately 2 wk of  
appropriate maternal therapy.

Varicella-zoster  
infection

Infant should not have direct contact with active 
lesions.

Infant should receive immune globulin.

Herpes simplex  
infection

Breastfeeding is contraindicated with active 
herpetic lesions of the breast.

CMV infection May be found in milk of mothers who are CMV 
seropositive.

Transmission through human milk causing 
symptomatic illness in term infants is uncommon.

Hepatitis B 
infection

Infants routinely receive hepatitis B immune 
globulin and hepatitis B vaccine if mother is 
HBsAg positive.

No delay in initiation of breastfeeding is required.

Hepatitis C 
infection

Breastfeeding is not contraindicated.

COVID-19 Maternal infection is not a contraindication for 
breastfeeding or feeding expressed milk.

Ebola Confirmed maternal Ebola infection is a 
contraindication to breastfeeding and 
expressed milk.

Brucellosis Active untreated brucellosis is a contraindication 
to breastfeeding and expressed milk.

Live vaccines Smallpox and yellow fever live-virus  
vaccines are contraindicated for  
breastfeeding mothers.

Alcohol intake Limit maternal alcohol intake to <0.5 g/kg/day 
(for a woman of average weight—this is the 
equivalent of 2 cans of beer, 2 glasses of wine, 
or 2 oz of liquor).

Cigarette smoking Discourage cigarette smoking, but smoking is 
not a contraindication to breastfeeding.

Marijuana usage Metabolites, including tetrahydrocannabinol, are 
detectable in breast milk. Marijuana  
usage is not recommended but is not a strict 
contraindication to breastfeeding.

Chemotherapy, 
radio
pharmaceuticals

Breastfeeding is generally contraindicated.

CMV, Cytomegalovirus; HBsAg, hepatitis B surface antigen; HIV, human 
immunodeficiency virus; HTLV, human T-lymphotropic virus.

Adapted from Schanler RJ, Krebs NF, Mass SB (eds). Breastfeeding Handbook for Physicians, 
2nd ed. Elk Grove Village, IL: American Academy of Pediatrics; 2014: 223–226.

Nipple pain is one of the most common complaints of breastfeeding 
mothers in the immediate postpartum period. Poor infant position-
ing and improper latch are the most common reasons for nipple pain 
beyond the mild discomfort felt early in breastfeeding. If the problem 
persists and the infant refuses to feed, evaluation for nipple candidia-
sis is indicated. If candidiasis is present, the nipples can be treated with 
an antifungal cream that is wiped off of the breast before feeding, and 
the infant is treated with an oral antifungal medication.

Tongue-tie (ankyloglossia) has been associated with nipple pain, 
poor latching, and poor weight gain in breastfed and bottle-fed infants. 
Ankyloglossia is defined as a lingual frenulum that attaches close to the 
anterior tongue tip and is estimated to be present in 4–11% of new-
borns. Frenotomy is a minor surgical procedure with few complications 

Table 61.3    � Conditions for Which Human Milk May Have a 
Protective Effect

INFANT MOTHER

	•	 �Diarrhea
	•	 �Otitis media
	•	 �Urinary tract 

infection
	•	 �Necrotizing 

enterocolitis
	•	 �Septicemia
	•	 �Infant botulism
	•	 �Insulin-dependent 

diabetes mellitus
	•	 �Celiac disease

	•	 �Crohn disease
	•	 �Lymphoma
	•	 �Leukemia
	•	 �Recurrent otitis media
	•	 �Atopy
	•	 �Hospitalizations for 

respiratory illness
	•	 �Sudden infant death 

syndrome
	•	 �Obesity

	•	 �Uterine atony
	•	 �Breast cancer
	•	 �Ovarian cancer
	•	 �Cardiovascular 

disease
	•	 �Obesity
	•	 �Type 2 diabetes

Table 61.4    � Ten Hospital Practices to Encourage and  
Support Breastfeeding*†

	 1.	� Have a written breastfeeding policy that is routinely  
communicated to all healthcare staff.

	 2.	� Train all healthcare staff in the skills necessary to implement this 
policy.

	 3.	� Inform all pregnant women about the benefits and management 
of breastfeeding.

	 4.	� Help women initiate breastfeeding within 1 hour of birth.
	 5.	� Show women how to breastfeed and how to maintain lactation, 

even if they are separated from their newborns.
	 6.	� Give newborns no food or drink other than breast milk unless 

medically indicated.
	 7.	� Practice rooming-in; allow mothers and newborns to remain 

together 24 hours a day.
	 8.	� Encourage breastfeeding on demand.
	 9.	� Give no pacifiers or artificial nipples to breastfeeding infants.‡
	10.	� Foster the establishment of breastfeeding support groups and 

refer to them on discharge from the hospital or birth center.

COMPONENTS OF SAFE POSITIONING FOR THE NEWBORN 
WHILE SKIN-TO-SKIN**
	 1.	� Infant’s face can be seen.
	 2.	� Infant’s head is in “sniffing” position.
	 3.	� Infant’s nose and mouth are not covered.
	 4.	� Infant’s head is turned to one side.
	 5.	� Infant’s neck is straight, not bent.
	 6.	� Infant’s shoulders and chest face mother.
	 7.	� Infant’s legs are flexed.
	 8.	� Infant’s back is covered with blankets.
	 9.	� Mother-infant dyad is monitored continuously by staff in the 

delivery environment and regularly on the postpartum unit.
	10.	� When mother wants to sleep, infant is placed in bassinet or with 

another support person who is awake and alert.

*The 1994 report of the Healthy Mothers, Healthy Babies National Coalition Expert 
Work Group recommend that the UNICEF-WHO Baby Friendly Hospital Initiative 
be adapted for use in the United States as the United States Breastfeeding Health 
Initiative, using the adapted 10 hospital practices noted.

†Data from Baby-Friendly USA. Guidelines and evaluation criteria for facilities seeking baby-
friendly designation. Sandwich, MA: Baby Friendly USA; 2010. Available at https://www.b
abyfriendlyusa.org/for-facilities/practice-guidelines/. Accessed 10 November 2022. From 
ACOG Committee Opinion. Optimizing support for breastfeeding as part of obstetric 
practice. Obstet Gynecol. 2018;132(4):e187–e195, Boxes 1 and 2, pp. e191–e192.

‡The American Academy of Pediatrics endorsed the UNICEF-WHO Ten Steps to 
Successful Breastfeeding, but does not support a categorical ban on pacifiers 
because of their role in reducing the risk of sudden infant death syndrome and their 
analgesic benefit during painful procedures when breastfeeding cannot provide the 
analgesia.

**Data from Ludington-Hoe SM, Morgan K. Infant assessment and reduction of sudden 
unexpected postnatal collapse risk during skin-to-skin contact. Newborn Infant Nurs 
Rev. 2014;14:28–33.
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A healthy term infant is exclusively breastfed at 5 months. Which feeding transition best
matches the table?

A. Introduce iron-rich complementary foods at about 6 months while continuing breastfeeding

B. Replace breast milk with juice at 6 months

C. Delay complementary food until 2 years

D. Stop breastfeeding when solids begin

E. Start only water and discard iron-rich foods

Original table 61.5  |  Nelson printed p. 411  |  PDF p. 458

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 2
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and has been used as a treatment option for ankyloglossia with increas-
ing frequency despite insufficient evidence that it improves breastfeed-
ing outcomes, making its use somewhat controversial. Most infants 
with ankyloglossia have no feeding problems, and most infants with 
nursing problems do not have ankyloglossia. Providing a feeding 
evaluation and assessment of latch while monitoring weight over the 
course of 2-3 weeks may be more valuable than proceeding immedi-
ately to frenotomy. During that time many feeding issues resolve, thus 
avoiding unnecessary frenotomy.

Engorgement may occur in the second stage of lactogenesis (typi-
cally days 3-10 postpartum) and is characterized by the breasts feeling 

firm, overfilled, and sometimes painful. Incomplete removal of milk 
as a result of ineffective breastfeeding technique or infant illness can 
cause engorgement. Breastfeeding immediately at signs of infant 
hunger can prevent this from occurring. To reduce engorgement, 
breasts may be softened before infant feeding with a combination of 
hot compresses and manual expression of milk. To reduce inflamma-
tion and pain, between feedings mothers can wear a supportive bra, 
apply cold compresses, and take oral nonsteroidal antiinflammatory 
drugs (NSAIDs).

Mastitis occurs in 2–3% of lactating women and is usually unilateral, 
manifesting with localized warmth, tenderness, edema, and erythema 
after the second postdelivery week. Sudden onset of breast pain, myal-
gia, and fever with fatigue, nausea, vomiting, and headache can also 
occur. Organisms implicated in mastitis include Staphylococcus aureus, 
Escherichia coli, group A streptococcus, Haemophilus influenzae, Kleb-
siella pneumoniae, and Bacteroides species. Diagnosis is confirmed by 
physical examination. Treatment is with oral antibiotics (most com-
monly dicloxacillin or cephalexin) and analgesics, while at the same 
time promoting breastfeeding or emptying of the affected breast. A 
breast abscess is a much less common complication of mastitis, but 
it is a more serious infection that requires intravenous antibiotics and 
incision and drainage, along with continued breast emptying. Wash-
ing hands thoroughly before breastfeeding or pumping, especially 
after changing the baby’s diapers, can help minimize risk for breast 
infections.

Insufficient milk intake, dehydration, and jaundice in the infant can 
occur within the first weeks of life. In fact, retrospective studies suggest 
higher rates of hospitalization—primarily caused by jaundice and poor 
weight gain—in the first month of life for breastfed versus formula-
fed babies, highlighting the critical importance of lactation support. 
Breastfed neonates feed 8-12 times a day. Signs that milk intake is not 
adequate include lethargy, delayed stooling, decreased urine output, 
weight loss >10% of birthweight, hypernatremic dehydration, incon-
solable crying, and increased hunger. Insufficient milk intake may be 
caused by inadequate milk production and/or health conditions in 
the infant that prevent proper breast stimulation. Careful attention to 
prenatal history can identify maternal factors associated with low milk 
production (for example, obesity, type 2 diabetes, postpartum hemor-
rhage, or failure of breasts to enlarge during pregnancy or within the 
first few days after delivery). Excess weight loss or failure to return to 
birthweight by 7-10 days in an exclusively breastfed infant should trig-
ger an evaluation of breastfeeding effectiveness. Direct observation of 
breastfeeding can help identify improper technique, and test weighs 
(weighing the infant before and after feeding) may help assess milk 
transfer. If a large volume of milk is expressed manually after breast-
feeding, the infant might not be extracting enough milk, eventually 
leading to decreased milk output. Late preterm infants (34-36 weeks) 
are at particular risk for insufficient milk intake because of weak suck, 
difficulty coordinating suck and swallow patterns, or medical issues.

Breastfeeding jaundice, also referred to as suboptimal intake jaun-
dice, is related to insufficient fluid intake during the first week of life 
and is a common reason for hospital readmission of healthy breast-
fed infants (see Chapter 137). Breastfeeding jaundice is associated 
with dehydration and hypernatremia. Treatment may require supple-
mentation with expressed maternal breast milk, donor milk, or infant 
formula. Breast milk jaundice is a different disorder that causes per-
sistently high serum indirect bilirubin in thriving, healthy, well-fed 
infants. Breast milk contains inhibitors of glucuronyl transferase and 
causes enhanced absorption of bilirubin from the gut. Breast milk 
jaundice becomes evident later than breastfeeding jaundice and gen-
erally declines in the second to third week of life. Infants with severe 
or persistent jaundice or a direct hyperbilirubinemia need evaluation 
for other medical causes (see Chapter 137). Persistently high bilirubin 
levels may require treatment with phototherapy without cessation of 
breastfeeding or changing from breast milk to infant formula for 24-48 
hours if phototherapy is not available or if a rapid reduction in total 
serum bilirubin is urgently needed. Breastfeeding can resume after the 
decline in serum bilirubin. Parents can be encouraged to continue col-
lecting breast milk during the period the infant is taking formula.

Table 61.5    � Recommendations on Breastfeeding  
Management for Healthy Term Infants

	1.	� Exclusive breastfeeding for about 6 months
	 •	 �Breastfeeding preferred; alternatively, expressed mother’s milk or donor 

breast milk
	 •	 �To continue for 2 years or beyond as long as mutually desired by mother 

and child
	 •	 �Complementary foods rich in iron, zinc, and other micronutrients should 

be introduced at about 6 mo of age

	2.	� Peripartum policies and practices that optimize breastfeeding 
initiation and maintenance should be compatible with the AAP 
and Academy of Breastfeeding Medicine Model Hospital Policy 
and include the following:

	 •	 �Direct skin-to-skin contact with mothers immediately after delivery 
until the first feeding is accomplished and encouraged throughout the 
postpartum period

	 •	 �Delay in routine procedures (weighing, measuring, bathing, blood tests, 
vaccines, and eye prophylaxis) until after the first feeding is completed

	 •	 �Delay in administration of intramuscular vitamin K until after the first 
feeding is completed but within 6 hr of birth

	 •	 �Ensure 8-12 feedings at the breast every 24 hr
	 •	 �Ensure formal evaluation and documentation of breastfeeding by 

trained caregivers (including position, latch, milk transfer, examination) 
at least once for each nursing shift

	 •	 �Give no supplements (water, glucose water, commercial infant 
formula, or other fluids) to breastfeeding newborn infants unless 
medically indicated using standard evidence-based guidelines for the 
management of hyperbilirubinemia and hypoglycemia

	 •	 �Avoid routine pacifier use in the postpartum period
	 •	 �Begin daily oral vitamin D drops (400 IU) at hospital discharge

	3.	� All breastfeeding infants should be seen by a pediatrician within 
48-72 hr after discharge from the hospital

	 •	 �Evaluate hydration and elimination patterns
	 •	 �If weight >7% below birthweight or there is additional weight loss on 

day 5 or later, providers should consider more frequent follow-ups and/
or referral to a lactation consultant.

	 •	 �Discuss maternal/infant issues
	 •	 �Observe feeding

	4.	� Mother and infant should sleep in proximity to each other to 
facilitate breastfeeding

	5.	� Pacifier should be offered, while placing infant in back-to-sleep-
position, no earlier than 3-4 weeks of age and after breastfeeding 
has been established

From American Academy of Pediatrics (AAP). Breast-feeding and the use of human 
milk. Pediatrics. 2012;129:e827–e841.

Table 61.6    � Patterns of Milk Supply

DAY OF LIFE MILK SUPPLY

Day 1 Some milk (∼5 mL) may be expressed.

Days 2-4 Lactogenesis; milk production increases.

Day 5 Milk present; fullness and leaking are felt.

Day 6 onward Breasts should feel “empty” after feeding.

Adapted from Neifert MR. Clinical aspects of lactation: promoting breastfeeding 
success. Clin Perinatol. 1999;26:281–306.
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A mother on postpartum day 2 worries that only small volumes of milk are being expressed.
Which interpretation is consistent with the milk-supply timeline?

A. Milk production normally rises during days 2-4

B. Full mature milk must be present in large volumes on day 1

C. A day-2 small volume proves lactation failure

D. Milk production should not begin until day 10

E. Breast fullness should persist after each effective feed

Original table 61.6  |  Nelson printed p. 411  |  PDF p. 458
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and has been used as a treatment option for ankyloglossia with increas-
ing frequency despite insufficient evidence that it improves breastfeed-
ing outcomes, making its use somewhat controversial. Most infants 
with ankyloglossia have no feeding problems, and most infants with 
nursing problems do not have ankyloglossia. Providing a feeding 
evaluation and assessment of latch while monitoring weight over the 
course of 2-3 weeks may be more valuable than proceeding immedi-
ately to frenotomy. During that time many feeding issues resolve, thus 
avoiding unnecessary frenotomy.

Engorgement may occur in the second stage of lactogenesis (typi-
cally days 3-10 postpartum) and is characterized by the breasts feeling 

firm, overfilled, and sometimes painful. Incomplete removal of milk 
as a result of ineffective breastfeeding technique or infant illness can 
cause engorgement. Breastfeeding immediately at signs of infant 
hunger can prevent this from occurring. To reduce engorgement, 
breasts may be softened before infant feeding with a combination of 
hot compresses and manual expression of milk. To reduce inflamma-
tion and pain, between feedings mothers can wear a supportive bra, 
apply cold compresses, and take oral nonsteroidal antiinflammatory 
drugs (NSAIDs).

Mastitis occurs in 2–3% of lactating women and is usually unilateral, 
manifesting with localized warmth, tenderness, edema, and erythema 
after the second postdelivery week. Sudden onset of breast pain, myal-
gia, and fever with fatigue, nausea, vomiting, and headache can also 
occur. Organisms implicated in mastitis include Staphylococcus aureus, 
Escherichia coli, group A streptococcus, Haemophilus influenzae, Kleb-
siella pneumoniae, and Bacteroides species. Diagnosis is confirmed by 
physical examination. Treatment is with oral antibiotics (most com-
monly dicloxacillin or cephalexin) and analgesics, while at the same 
time promoting breastfeeding or emptying of the affected breast. A 
breast abscess is a much less common complication of mastitis, but 
it is a more serious infection that requires intravenous antibiotics and 
incision and drainage, along with continued breast emptying. Wash-
ing hands thoroughly before breastfeeding or pumping, especially 
after changing the baby’s diapers, can help minimize risk for breast 
infections.

Insufficient milk intake, dehydration, and jaundice in the infant can 
occur within the first weeks of life. In fact, retrospective studies suggest 
higher rates of hospitalization—primarily caused by jaundice and poor 
weight gain—in the first month of life for breastfed versus formula-
fed babies, highlighting the critical importance of lactation support. 
Breastfed neonates feed 8-12 times a day. Signs that milk intake is not 
adequate include lethargy, delayed stooling, decreased urine output, 
weight loss >10% of birthweight, hypernatremic dehydration, incon-
solable crying, and increased hunger. Insufficient milk intake may be 
caused by inadequate milk production and/or health conditions in 
the infant that prevent proper breast stimulation. Careful attention to 
prenatal history can identify maternal factors associated with low milk 
production (for example, obesity, type 2 diabetes, postpartum hemor-
rhage, or failure of breasts to enlarge during pregnancy or within the 
first few days after delivery). Excess weight loss or failure to return to 
birthweight by 7-10 days in an exclusively breastfed infant should trig-
ger an evaluation of breastfeeding effectiveness. Direct observation of 
breastfeeding can help identify improper technique, and test weighs 
(weighing the infant before and after feeding) may help assess milk 
transfer. If a large volume of milk is expressed manually after breast-
feeding, the infant might not be extracting enough milk, eventually 
leading to decreased milk output. Late preterm infants (34-36 weeks) 
are at particular risk for insufficient milk intake because of weak suck, 
difficulty coordinating suck and swallow patterns, or medical issues.

Breastfeeding jaundice, also referred to as suboptimal intake jaun-
dice, is related to insufficient fluid intake during the first week of life 
and is a common reason for hospital readmission of healthy breast-
fed infants (see Chapter 137). Breastfeeding jaundice is associated 
with dehydration and hypernatremia. Treatment may require supple-
mentation with expressed maternal breast milk, donor milk, or infant 
formula. Breast milk jaundice is a different disorder that causes per-
sistently high serum indirect bilirubin in thriving, healthy, well-fed 
infants. Breast milk contains inhibitors of glucuronyl transferase and 
causes enhanced absorption of bilirubin from the gut. Breast milk 
jaundice becomes evident later than breastfeeding jaundice and gen-
erally declines in the second to third week of life. Infants with severe 
or persistent jaundice or a direct hyperbilirubinemia need evaluation 
for other medical causes (see Chapter 137). Persistently high bilirubin 
levels may require treatment with phototherapy without cessation of 
breastfeeding or changing from breast milk to infant formula for 24-48 
hours if phototherapy is not available or if a rapid reduction in total 
serum bilirubin is urgently needed. Breastfeeding can resume after the 
decline in serum bilirubin. Parents can be encouraged to continue col-
lecting breast milk during the period the infant is taking formula.

Table 61.5    � Recommendations on Breastfeeding  
Management for Healthy Term Infants

	1.	� Exclusive breastfeeding for about 6 months
	 •	 �Breastfeeding preferred; alternatively, expressed mother’s milk or donor 

breast milk
	 •	 �To continue for 2 years or beyond as long as mutually desired by mother 

and child
	 •	 �Complementary foods rich in iron, zinc, and other micronutrients should 

be introduced at about 6 mo of age

	2.	� Peripartum policies and practices that optimize breastfeeding 
initiation and maintenance should be compatible with the AAP 
and Academy of Breastfeeding Medicine Model Hospital Policy 
and include the following:

	 •	 �Direct skin-to-skin contact with mothers immediately after delivery 
until the first feeding is accomplished and encouraged throughout the 
postpartum period

	 •	 �Delay in routine procedures (weighing, measuring, bathing, blood tests, 
vaccines, and eye prophylaxis) until after the first feeding is completed

	 •	 �Delay in administration of intramuscular vitamin K until after the first 
feeding is completed but within 6 hr of birth

	 •	 �Ensure 8-12 feedings at the breast every 24 hr
	 •	 �Ensure formal evaluation and documentation of breastfeeding by 

trained caregivers (including position, latch, milk transfer, examination) 
at least once for each nursing shift

	 •	 �Give no supplements (water, glucose water, commercial infant 
formula, or other fluids) to breastfeeding newborn infants unless 
medically indicated using standard evidence-based guidelines for the 
management of hyperbilirubinemia and hypoglycemia

	 •	 �Avoid routine pacifier use in the postpartum period
	 •	 �Begin daily oral vitamin D drops (400 IU) at hospital discharge

	3.	� All breastfeeding infants should be seen by a pediatrician within 
48-72 hr after discharge from the hospital

	 •	 �Evaluate hydration and elimination patterns
	 •	 �If weight >7% below birthweight or there is additional weight loss on 

day 5 or later, providers should consider more frequent follow-ups and/
or referral to a lactation consultant.

	 •	 �Discuss maternal/infant issues
	 •	 �Observe feeding

	4.	� Mother and infant should sleep in proximity to each other to 
facilitate breastfeeding

	5.	� Pacifier should be offered, while placing infant in back-to-sleep-
position, no earlier than 3-4 weeks of age and after breastfeeding 
has been established

From American Academy of Pediatrics (AAP). Breast-feeding and the use of human 
milk. Pediatrics. 2012;129:e827–e841.

Table 61.6    � Patterns of Milk Supply

DAY OF LIFE MILK SUPPLY

Day 1 Some milk (∼5 mL) may be expressed.

Days 2-4 Lactogenesis; milk production increases.

Day 5 Milk present; fullness and leaking are felt.

Day 6 onward Breasts should feel “empty” after feeding.

Adapted from Neifert MR. Clinical aspects of lactation: promoting breastfeeding 
success. Clin Perinatol. 1999;26:281–306.
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A breastfed infant is starting complementary feeding at 6 months. Which food choice
addresses a nutrient highlighted in the table?

A. Iron-rich meat or iron-fortified infant cereal

B. Only dilute fruit juice

C. An exclusive low-iron rice diet

D. A diet of water without solids

E. Unfortified herbal tea
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soy-based formulas are lactose free. Most healthy infants with acute 
gastroenteritis can be managed after rehydration with continued use 
of breast milk or cow’s milk–based formulas and do not require a 
lactose-free formula. However, soy protein–based formulas may be 
indicated when documented secondary lactose intolerance occurs. 
Soy protein–based formulas have no advantage over cow’s milk pro-
tein–based formulas as a supplement for the breastfed infant, unless 
the infant has one of the indications noted previously. Soy protein–
based formulas are contraindicated for preterm infants because of 
concerns about protein quality and aluminum content. The rou-
tine use of soy protein–based formula has no proven value in the 
prevention or management of infantile colic, fussiness, or atopic  
disease. Infants with documented cow’s milk protein–induced 
enteropathy or enterocolitis often are also sensitive to soy protein 
and should be fed using an extensively hydrolyzed or amino acid–
based formula. 

PROTEIN HYDROLYSATE FORMULAS
Protein hydrolysate formulas may be partially hydrolyzed, contain-
ing oligopeptides with a molecular weight of <5,000 daltons (range 
3,000-10,000 Da), or extensively hydrolyzed, containing peptides 
with a molecular weight <3,000 Da. These formulas are lactose free 
and can include medium-chain triglycerides, making them use-
ful in infants with gastrointestinal malabsorption caused by cystic 
fibrosis, short bowel syndrome, prolonged diarrhea, or hepatobili-
ary disease. Partially hydrolyzed protein formulas have fat blends 
similar to cow’s milk–based formulas, and carbohydrates are sup-
plied by corn maltodextrin or corn syrup solids. Because the pro-
tein is only partially hydrolyzed, these formulas are not appropriate 
for infants who are allergic to cow’s milk protein. There is insuf-
ficient evidence to recommend use of hydrolyzed formulas to pre-
vent atopic dermatitis or other atopic diseases in high-risk infants. 
Extensively hydrolyzed formulas are recommended for infants 
intolerant to cow’s milk or soy proteins. 

AMINO ACID FORMULAS
Amino acid (elemental) formulas are peptide-free formulas that con-
tain mixtures of essential and nonessential amino acids. They are 
designed for infants with cow’s milk–based protein allergy who fail 
to thrive on extensively hydrolyzed protein formulas. The effective-
ness of amino acid formulas to prevent atopic disease has not been 
studied. 

OTHER FLUIDS IN INFANTS AND TODDLERS
Neither breastfed nor formula-fed infants require additional water 
unless dictated by a specific condition involving excess water loss, 
such as diabetes insipidus. Vomiting and spitting up are common in 
healthy infants. When weight gain and general well-being are noted, 
no change in formula is necessary. Whole cow’s milk can impair 
iron absorption and is not recommended for infants younger than 
12 months. Nondairy, very low-protein milks are also inadequate to 
meet infant nutritional needs. Prune or apple juice may be used in 
small amounts for treatment of constipation, but juice is not recom-
mended for routine consumption in infants. Infants with vomiting 
caused by gastroenteritis may need to consume an oral electrolyte 
solution but will need close monitoring and ideally will consume 
the solution for less than 24 hours. Goat milk is not an appropriate 
substitution for formula. Goat milk has been shown to cause sig-
nificant electrolyte disturbances and anemia because it has low folic 
acid concentrations. Likewise, homemade formulas, which typically 
involve a combination of raw cow, raw goat, or plant-based milk, 
cod liver oil, molasses, and other ingredients, cannot be considered 
safe for infant feeding. Mixing homemade formula incorrectly can 
put unnecessary stress on a newborn’s kidneys and intestines and 
may not provide sufficient calories or micronutrients. Infants and 
young children are also particularly susceptible to infections such 
as Escherichia coli, Campylobacter, Listeria, Brucella, and Salmo-
nella found in raw or unpasteurized milk. 

COMPLEMENTARY FEEDING
The timely introduction of complementary foods (solid and liquid 
foods other than breast milk or formula, also called weaning foods) 
during infancy is important for nutritional and developmental reasons 
(Table 61.7). The AAP recommends exclusive breastfeeding for about 
the first 6 months, after which nutrient requirements cannot be met 
by breastfeeding alone. Table 61.7 summarizes the AAP recommen-
dations for introducing complementary foods, though nearly 25% of 
parents do not adhere to current guidelines (e.g., introducing comple-
mentary foods too early or introducing inappropriate foods, such as 
cow’s milk, in children under 12 months).

Complementary foods should be introduced around 6 months 
and be varied to ensure adequate macronutrient and micronutrient 
intake. Although there is not currently evidence to promote a rec-
ommended order in which to introduce foods, information about 
important nutrients is included here. Additionally, a wide variety of 
textures is important for oral motor development, typically starting 
with pureed or very soft (easy to mash with the gums) foods. This 
is also a good time to establish consistent eating routines, including 
providing predictable meal and snack times for solid foods, eating 
in a safe dedicated space (such as in a highchair at the family table), 
and eating with family members to the extent possible. Continued 
breastfeeding up to 24 months of age and use of infant formula until 
12 months is encouraged.

Some complementary foods are more nutritionally beneficial than 
others. Iron- and zinc-rich foods (such as fortified infant cereals, age-
appropriate meats, eggs, and legumes) are especially important for 
breastfed infants, whose iron and zinc stores decline over time and are 
not sufficiently replaced through consumption of breast milk. Yogurt 
and cheese (including soy-based products) without added sugars are 
appropriate for infants receiving complementary foods, but full-fat 
cow’s milk as a replacement for infant milk is inappropriate before 12 
months. In addition to honey and unpasteurized consumables, foods 
and beverages with added sugars and those high in sodium are not rec-
ommended. Overconsumption of energy-dense complementary foods 
(e.g., cakes, cookies, fried foods, and sugar-sweetened beverages) can 
lead to excessive weight gain in infancy, increasing the risk of obesity 
in childhood.

Early introduction of peanuts and eggs around 4-6 months helps to 
prevent the development of food allergies. Although data are limited 
for other highly allergenic foods, the strength of current evidence sug-
gests that introducing other allergenic foods early in complementary 

Table 61.7    � Important Principles for Weaning

	•	 �Begin around 6 mo of age.

	•	 �Introduce one new food at a time.

	•	 �Choose foods that provide key nutrients and help meet energy needs.

	•	 �Iron-containing foods (meat, iron-supplemented cereals) are 
required, especially for breastfed infants.

	•	 �Zinc intake should be encouraged with foods such as meat, dairy 
products, and fortified infant cereal.

	•	 �Phytate intake should be low to enhance mineral absorption.

	•	 �By 7-8 mo infants should be consuming foods from all food groups.

	•	 �Between 9 and 12 mo of age, encourage a cup rather than a bottle.

	•	 �Fluids other than breast milk, formula, and water should be  
discouraged.

	•	 �Breast milk can continue up to 24 mo of age; cow’s milk can be 
introduced at 12 mo of age and up to 24 oz/day of cow’s milk can 
be consumed if breastfeeding is discontinued.

	•	 �Give no more than 4 oz/day of 100% fruit juice; no sugar-
sweetened beverages.

	•	 �Encourage routine mealtimes and responsive feeding, watching 
for and responding to the child’s hunger and satiety cues.

Adapted from American Academy of Pediatrics. Pediatric Nutrition Handbook, 8th ed. 
Elk Grove Village, IL: American Academy of Pediatrics; 2019.
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A 7-month-old sits with head control and begins taking smooth puree by spoon while practicing
easily dissolvable finger foods. Which feeding stage fits?

A. Birth to 4 months

B. 6-9 months

C. 18-24 months

D. 24-36 months

E. Preschool only
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feeding may prevent IgE-mediated food allergies. The most recent 
guidelines from the American Academy of Allergy, Asthma, and 
Immunology recommend early introduction of the top 9 highly aller-
genic foods (dairy, soy, eggs, peanuts, tree nuts, sesame, wheat, fish, 
and shellfish) for all children, especially those at higher risk for atopic 
disease. For more information, see Chapter 192. 

TRANSITION TO MILK
Whole cow’s milk can be introduced at 12 months, and formula-
fed children are transitioned to milk at this time. In children 12-24 
months, for whom overweight or obesity is a concern or who have 
a family history of obesity, dyslipidemia, or cardiovascular disease, 
the use of reduced-fat milk may be appropriate. Otherwise, whole 
milk is recommended until age 24 months, after which changing to 
1% milk helps reduce overall dietary intake of fat if this is a con-
cern. The Special Supplemental Nutrition Program for Women, 
Infants, and Children (WIC) does not provide 2% or whole milk for 
children over 24 months unless authorized by a medical provider. 
Regardless of the type, all animal milk consumed should be pasteur-
ized because of the infection risk with raw or unpasteurized milk, 
as discussed earlier.

Nondairy alternatives to milk from plant-based (e.g., soy, hemp, 
pea, oat, rice) and nut-based (e.g., almond, cashew, peanut) sources 
are popular. When counseling parents, it is important to emphasize 
that the overall nutritional content and quality of plant-based milk 
alternatives is not equivalent to cow’s milk. Although most are forti-
fied with vitamin A, vitamin D, and calcium, only some soy-, hemp-, 
and pea-based milk alternatives have comparable protein content, and 
all products have inferior protein quality. Many plant-based products 
have added oils and sugars. No nondairy alternative milks are appro-
priate substitutions for infant formula or breast milk in infants. Nut-
based milks may be suitable for toddlers ≥12 months of age without 
allergies who have an otherwise adequate diet. Nondairy (vegan) milks 
vary between products; a careful assessment of ingredients, including 
protein and micronutrient fortification, must be determined. 

RESPONSIVE FEEDING
Responsive feeding begins in infancy and is associated with desir-
able growth outcomes. Responsive feeding refers to recognizing and 
responding to children’s signs of hunger and satiety in a timely and 
developmentally appropriate manner. Parents are encouraged to learn 
to recognize signs of hunger (e.g., child leans forward or reaches for 
food, or opens mouth when offered food) and satiety (e.g., child closes 
mouth or turns away from food) in infants who receive solid foods so 
that they can respond appropriately.

The period from 6 months to 15 months is characterized by acquisi-
tion of self-feeding skills as the infant learns to grasp finger foods, use 
a spoon, and eat soft foods (Table 61.8). Around 12 months of age, 
the child learns to drink from a cup, and bottle weaning around 12-
15 months is recommended. To prevent dental caries, bedtime bottles 
should be discouraged, and it is best that cups contain only water out-
side of mealtimes. Sugar-sweetened beverages and 100% fruit juice are 
not recommended for infants less than 12 months. Cups without a lid 
or with a straw rather than a hard spout are preferred.

Baby-led weaning (BLW) typically refers to allowing infants to self-
feed soft (often well-cooked) solid or table foods from the very begin-
ning of complementary feeding. Presently, many parents are choosing 
to give their infants finger foods rather than, or in combination with, 
purees. There is little evidence that BLW leads to improved nutrient 
status, weight gain, or food acceptance longitudinally. In general, all 
food textures, including purees, are encouraged to be included in the 
infant’s diet. Parents should be counseled on avoidance of foods that 
are common choking hazards. 

FEEDING TODDLERS AND PRESCHOOL-AGED 
CHILDREN
Toddlerhood is a period when eating behaviors and healthful habits 
can be established, and it is often a confusing and anxiety-generating 
period for parents. Important goals of early childhood nutrition are to 

offer foods that are developmentally appropriate and to begin to foster 
healthful eating habits that will last a lifetime. Growth after the first 
year slows dramatically, appetite decreases, motor activity increases, 
and children naturally become leaner until they reach an adiposity 
nadir at 4-6 years. Using growth charts to illustrate adequate growth 
and provide guidance about typical behavior and eating habits can 
help allay parents’ concerns if they are explained in a way that parents 
can understand (Table 61.9). Eating behavior can be erratic, and chil-
dren can appear distracted from eating as they explore the environ-
ment. Young children may consume a limited variety of foods, and it is 
common for children to “like” a particular food for a period and then 
reject the favored food. It can take many offers before children become 
familiar with and decide to try a novel food, and it is important to help 
children learn about food without expectations regarding how much 
they will eat.

Recommended Intake and Serving Sizes
Toddlers and preschool-aged children usually eat three healthy meals 
and one to two snacks daily. Recommended daily amounts for each 
food group can be found in Table 61.10. Toddlers and preschool chil-
dren often fail to meet the recommended servings of fruits, vegetables, 
and fiber, whereas intakes of food with fat and added sugar are exces-
sive. Recommended serving sizes of fruits, vegetables, and grains are 
approximately the size of the child’s fist, and a serving size of protein 
can be the size of the child’s palm. It is important to be mindful that 
some children become overwhelmed when large portions are offered, 
fearing that they will be expected to finish the entire portion. If parents 
are concerned about their children eating enough vegetables, giving 
vegetables at the beginning of the meal has been shown, in some cir-
cumstances, to be an effective strategy for increasing vegetable con-
sumption in preschool children. Milk continues to be an important 

Table 61.8    � Feeding Skills Birth to 36 Months

AGE (mo) FEEDING/ORAL SENSORIMOTOR SKILLS

Birth to 4-6 Nipple feeding, breast or bottle
Hand on bottle during feeding (2-4 mo)
Maintains semiflexed posture during feeding
Promotion of infant-parent interaction

6-9 (transition 
feeding)

Head and neck control
Feeding more in upright position
Spoon-feeding thin, pureed foods
Both hands to hold bottle
Finger feeding of easily dissolvable solids 

introduced
Vertical munching of easily dissolvable solids

9-12 Cup drinking
Eats lumpy, mashed food
Finger feeding for easily dissolvable solids
Chewing includes rotary jaw action

12-18 Self-feeding; grasps spoon with whole hand
Holds cup with two hands
Drinking with four to five consecutive swallows
Holding and tipping bottle

>18-24 Swallowing with lip closure
Self-feeding predominates
Chewing broad range of food
Up-down tongue movements

24-36 Circulatory jaw rotations
Chewing with lips closed
One-handed cup holding and open cup drinking 

with no spilling
Using fingers to fill spoon
Eating wide range of solid food
Total self-feeding, using fork

Adapted from Arvedson JC. Swallowing and feeding in infants and young children. GI 
Motility Online. 2006. https://doi.org/10.1038/gimo17.
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A pediatrician discusses a child's high BMI with a family. Which communication approach
reflects the table?

A. Describe how BMI relates weight to height and invite discussion without blame

B. Label the child as lazy

C. Avoid the growth chart completely

D. Assume a single weighing proves a diagnosis

E. Use shame to motivate behavior change
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source of nutrition, particularly protein, fat, calories, and vitamin D, 
and it is recommended that children consume up to 2-3 cups (16-24 
ounces) per day (see Table 61.10). Sugar-sweetened beverages like 
soda, sports drinks, sweetened tea, or fruit punch are not recom-
mended. Toddlers ages 12 months and older can be given up to 4 oz/
day of 100% fruit juice. Grapefruit juice can affect medications metab-
olized by CYP34A (e.g., antifungals such as fluconazole and ketocon-
azole, antiretrovirals, erythromycin, clarithromycin, fluoxetine, and 
amiodarone). 

Feeding Practices
In the second year of life, self-feeding is learned, becomes the norm with 
time, and provides more opportunities for the family to eat together. 
Self-feeding also provides the child with the autonomy to self-regulate 
their intake. Child feeding is an interactive process, especially because 
children receive cues regarding appropriate eating behaviors from par-
ents. Parents are encouraged to notice and comment on positive and 
ignore negative eating behaviors unless the behavior jeopardizes the 
health and safety of the child. Parents should avoid pressuring young 
children to eat, particularly pressuring them to eat larger, adult-sized 
portions. Instead, parents are encouraged to focus on acceptance of a 
wide variety of healthful foods. In addition, parents are encouraged to 
eat the same foods with their toddlers to model positive eating behav-
iors such as trying and consuming healthful foods.

The 2-year-old child can progress from small pieces of soft finger 
foods to prepared table foods with care. They can also learn how 
to eat with utensils (as culturally appropriate) over the preschooler 
period. The young child is not capable of completely chewing and 
swallowing chewy or hard foods, and hard foods present a chok-
ing risk. Hard candies, nuts, popcorn, and raw carrots should be 
avoided before age 4 years. Foods like hot dogs, sausages, and grapes 
can be sliced lengthwise to avoid choking. Caregivers should always 
be vigilant and present during feeding, and the child placed in a 

highchair or booster seat. The AAP discourages eating in the pres-
ence of distractions such as television, tablets, mobile devices, and 
other screens and eating in a car where an adult cannot adequately 
observe and assist the child. 

FEEDING SCHOOL-AGED CHILDREN AND 
ADOLESCENTS
MyPlate
The U.S. Department of Agriculture (USDA) MyPlate (www.myplate.gov) 
is a basis for building an optimal diet for children and adults (Fig. 61.1). 
MyPlate is based on the 2020 Dietary Guidelines for Americans. 
MyPlate provides a visual representation of the different food groups and 
portion sizes designed for the general public. The website provides reci-
pes, weight management strategies, and tools to track calories and physi-
cal activity goals. A personalized eating plan based on these guidelines 
provides, on average over a few days, all the essential nutrients necessary 
for health and growth, while limiting nutrients associated with chronic 
disease development. MyPlate can also be used as an interactive tool for 
customized recommendations based on age, sex, physical activity, and 
for some populations, weight and height. Print materials from the USDA 
are also available for families without internet access.

The MyPlate model emphasizes making half the plate vegetables and 
fruits, prioritizing whole grains, and eating protein from both animal and 
plant sources. A separate dairy section is included. Physical activity recom-
mendations to achieve a healthful energy balance are not visually displayed 
but are provided on the website. MyPlate has removed foods that have low 
nutritional value, such as sugar-sweetened beverages and sweetened baked 
goods.

In the United States, the vast majority of children and adolescents 
do not consume a diet that follows the recommendations of MyPlate. 
The intake of high-calorie/low-nutrient-density foods is much higher 
than recommended, with frequent consumption of sugar-sweetened 
beverages (e.g., soda, juice drinks, iced tea, sport drinks), snack foods, 

Table 61.10    � Recommended Daily Amounts for Children

TODDLERS AGES 12-23 MO CHILDREN AGES 2-8 YR CHILDREN AGES 9 YR AND OLDER

Calories per day* 700-1,000 1,000-1,400 1,600-3,200

Vegetables 2⁄3-1 cup 1-1½ cups 2-4 cups

Fruits ½-1 cup 1-1½ cups 1½-2½ cups

Grains 1¾-3 ounces 3-5 ounces 5-10 ounces

Dairy 12⁄3-2 cups 2-2½ cups 3 cups

Protein foods 2 ounces 2-4 ounces 5-7 ounces

Oils 9-13 grams 15-17 grams 22-51 grams

*Calorie needs may be higher for children who are active far above typical levels for age. Additionally, calorie needs may change on a daily basis as children experience illness, 
growth spurts, and variations in activity.

Adapted from the U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020-2025, 9th Edition. December 2020. 
Available at DietaryGuidelines.gov.

Table 61.9    � Suggested Language for Discussing Growth Charts with Families

UNDERWEIGHT NORMAL WEIGHT OVERWEIGHT OR OBESE

	•	 �Looking at how your child’s weight is 
matched for their height, only 2 of 100 
children are at a weight that is lower at the 
same height.

	•	 �Your child’s weight for their height is lower 
than what is generally thought to be 
healthy.

	•	 �BMI looks at the way height and weight are 
balanced with each other. Currently your 
child’s BMI is too low, which has a higher 
risk of developing health problems related 
to weight.

	•	 �Looking at how your child’s weight is 
matched for their height, 75 of 100 children 
are at a weight that is lower at the same 
height.

	•	 �Your child’s weight and height are matched 
for each other in a way that is generally 
thought to be healthy.

	•	 �If you were to line up 100 children of the 
same age by weight, your child would be 
right in the middle.

	•	 �Looking at how your child’s weight is 
matched for their height, 99 of 100 children 
are at a weight that is lower at the same 
height.

	•	 �Your child’s weight for their height is heavier 
than what is generally thought to be 
healthy.

	•	 �BMI looks at the way height and weight are 
balanced with each other. Currently your 
child’s BMI is too high, which has a higher 
risk of developing health problems related 
to weight.
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At meals, a toddler varies how much food they eat from day to day. Which caregiver action
follows responsive-feeding recommendations?

A. Offer healthy foods at predictable meals and let the child decide how much to eat

B. Insist the child finish every portion

C. Offer a food reward for each bite

D. Allow snacks continuously throughout the day

E. Replace each declined meal with a sweetened drink
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Eating Outside the Home
The number of meals eaten outside the home or brought home from 
takeout restaurants continues to increase among all age-groups in the 
United States. The increased convenience of this meal pattern is under-
mined by the generally lower nutritional value of the meals compared 
with home-cooked meals. Typically, meals from fast-food or casual 
restaurants are of large portion size; are dense in calories; and con-
tain large amounts of saturated fat, salt, and sugar and low amounts of 
whole grains, fruits, and vegetables. Although an increasing number 
of restaurants offer healthier alternatives, the vast majority of what is 
consumed at restaurants does not fit MyPlate recommendations. Par-
ents are encouraged to evaluate menu labels when available, select the 
healthiest available options, and consider sharing meals to supplement 
children’s meals, which often comprise highly palatable options with 
low nutrient density.

With increasing age, more meals and snacks are also consumed dur-
ing peer social gatherings at friends’ houses and parties. When a large 
part of a child’s or adolescent’s diet is consumed on these occasions, 
diet quality can suffer because food offerings are typically of low nutri-
tional value. Parents and pediatricians need to guide children and teens 
in navigating these occasions while maintaining a healthful diet and 
enjoying meaningful social interactions. These occasions may also be 
opportunities for teens to consume alcohol; consequently, adult super-
vision is important. 

Food Environment
Environmental and social challenges can make it difficult for families 
to make healthful food choices. Although taste is the main determi-
nant of food choice, many other complex factors influence that choice, 
including cost, availability, accessibility, convenience, and marketing 
strategies, including shelf placement and special pricing. Recognizing 
the context of food and lifestyle choices can help providers understand 
lack of changes or “poor adherence” to dietary recommendations and 
can decrease the frustration often experienced by the pediatricians who 
might otherwise “blame the victim” for behavior that is not entirely 
under their control. Local and national efforts to improve access to 
fresh and unprocessed foods are ongoing but often struggle to address 
broader issues such as cost or time to prepare foods at home. 

Responsive Feeding and Contingent Feeding 
Practices
Responsive feeding entails recognizing and responding to children’s 
hunger and satiety cues in an age-appropriate and developmentally 
appropriate way across all stages of childhood and adolescence 
(Table 61.12). It also includes providing routines and structure with 
clear expectations (e.g., providing meals and snacks at scheduled 
intervals with a variety of healthy foods to choose from) and a warm 
emotional context that promotes positive interactions about food 
and eating. Responsive feeding strategies can include encouraging 

children to eat foods that are healthful, teaching them about various 
foods, and involving them in the selection and preparation of meals. 
Allowing children to select (within reason) how much to eat of each 
offered food encourages children to listen to internal cues of hunger 
and satiety.

It is common for parents to use food as a reward or sometimes with-
draw preferred foods as punishment. Most parents use this practice 
occasionally, and some use it systematically, starting at young ages. 
The practice is also commonly used in other settings, such as in child-
care, school, or even athletics. Although it is a good idea to limit some 
unhealthful but desirable foods to special occasions, using food as a 
reward can be problematic. Making access to food contingent on an 
accomplishment increases the desirability of that food. Conversely, 
pressuring children to consume some healthful foods renders those 
foods less desirable. Therefore phrases such as, “Finish your vegeta-
bles, and you will get ice cream for dessert” can result in establishing 
unhealthful eating habits once the child has more autonomy in food 
choices. Parents are encouraged to choose items other than food as 
rewards, such as stickers, inexpensive toys or sporting equipment, 
additional time for a favorite activity, special family events, or collect-
ible items. Similar types of behavior are also seen in schools and extra-
curricular events, and parents are encouraged to work with teachers 
and coaches to identify appropriate alternative rewards. 

Cultural Considerations in Nutrition and Feeding
Food choices, food preparation, eating patterns, and infant feeding 
practices all have very deep cultural roots. Beliefs, attitudes, and prac-
tices related to food and eating are some of the most important com-
ponents of cultural identity (Fig. 61.2). In multicultural societies, high 
dietary variability can be observed. In a world where global marketing 
forces tend to reduce geographic differences in the types and brands 
of food that are available, most families are still influenced by their 
cultural background, especially during family meals at home. There-
fore pediatricians are encouraged to become familiar with the dietary 
characteristics of various cultures in their community, so that they can 
identify the potential nutritional benefits and concerns related to their 
patients’ diets and address concerns in a nonjudgmental way. 

Vegetarianism
Vegetarianism is the practice of following a diet that excludes animal 
flesh foods, including beef, pork, poultry, fish, and shellfish. There are 
several variations on the vegetarian diet, some of which also exclude 
eggs and/or some products produced from animal labor, such as dairy 
products and honey. Another expression used for different varieties of 
vegetarianism is plant-based diets.

It is important to ask parents or adolescents about their diets when 
they report following a vegetarian, vegan, or plant-based diet, because 
these terms may mean different restrictions for different families. Veg-
etarian and vegan diets, with extensive knowledge and forethought, can 
be safely followed by children. Some people practice diets that are even 
more restrictive, such as those that exclude foods from the allium fam-
ily (e.g., onion, garlic, chives) or include only raw foods cooked below 
a certain temperature. The safety of these more restrictive diets, which 
can be very limited in macronutrients and micronutrients, has not been 
studied in children, and these more restrictive diets are not recom-
mended. Although being on a vegetarian or vegan diet does not appear 
to increase the risk of an eating disorder, some teenagers with disor-
dered eating may choose such diets to aid in limiting their caloric intake.

Vegetarianism, or following a plant-based diet, is considered a health-
ful and viable diet: both the U.S. Academy of Nutrition and Dietetics 
and the Dietitians of Canada have found that a properly planned and 
well-balanced vegetarian diet can satisfy the nutritional goals for all 
stages of life. Recommendations for healthy vegetarian dietary patterns 
at all ages can be found in the 2020 Dietary Guidelines for Americans. 
Families may benefit from consultation with a registered dietitian to 
ensure all nutrient requirements are being met.

Compared with meat-based diets, vegetarian diets tend to have lower 
intakes of saturated fat, cholesterol, and animal protein and relatively 
higher levels of complex carbohydrates, fiber, magnesium, potassium, 

Table 61.12    � Responsive Feeding Recommendations

WAYS TO PROMOTE  
RESPONSIVE FEEDING WHAT TO AVOID

	•	 �Have set meal and snack 
times and a consistent place 
to eat.

	•	 �Select and provide healthful 
snack and meal options.

	•	 �Allow child to decide what to 
eat and how much.

	•	 �Sit and eat with the child.
	•	 �Encourage child to try what is 

on the plate.
	•	 �Notice when child attempts 
to try a food: “You tried your 
broccoli,” or “good job trying 
your broccoli.”

	•	 �Allow child to “graze” or eat 
small bites throughout the 
day.

	•	 �Allow child to eat whatever 
they want.

	•	 �Make child eat all of the food 
on their plate.

	•	 �Leave child to eat by 
themselves.

	•	 �Offer the child a (food) reward 
for eating their food.

	•	 �Offer person praise to child: 
“You are a good person for 
trying your broccoli.”

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 067 / 300

67



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 08 / 30

A child has a weight-for-height z score less than -3. Under the WHO wasting classification in
the table, how is this nutritional state categorized?

A. Severe wasting

B. Moderate wasting

C. Mild stunting

D. Normal growth

E. Severe obesity

Original table 62.2  |  Nelson printed p. 423  |  PDF p. 470
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achieved by switching good-quality land away from first-generation 
biofuels. For example, almost 40% of the U.S. corn harvest in 2016–
2017 went to biofuels. Efforts to increase the intensity of production 
need to be environmentally sustainable. These include optimizing 
yields by soil and water conservation, removal of technical and fi-
nancial constraints faced by farmers, and breeding resource-efficient 
crops and livestock that are also climate resilient and pest/disease 
resistant.

	u	 �Reduce waste. Approximately 30–40% of food is wasted, between 
harvesting and the market, during retail, at home, and in the food 
service industry. Better transport and storage facilities in develop-
ing countries, less stringent sell-by dates, lower cosmetic standards 
for fruits and vegetables, and ending supersized portions would help 
reduce waste.

	u	 �Change diets. As wealth increases, so does the demand for processed 
foods, meat, dairy products, and fish. About one third of global ce-
real production is fed to animals, so reducing consumption of meat 
from grain-fed livestock and increasing the proportion derived from 
the most efficient sources (pigs and poultry) would allow more peo-
ple to be fed from the same amount of land. 

UNDERNUTRITION
The greatest risk of undernutrition (underweight, stunting, wasting, 
and micronutrient deficiencies) occurs in the first 1,000 days, from 
conception to 24 months of age, and this early effect on growth and 
development can have adverse consequences on health, intellectual 
ability, school achievement, work productivity, and earnings in later 
life. Governments and agencies are therefore advised to focus interven-
tions on this critical window of opportunity.

Measurement of Undernutrition
The term malnutrition encompasses both ends of the nutrition spec-
trum, undernutrition as well as overweight and obesity. Many poor 
nutritional outcomes begin in utero and are manifest as low birth-
weight (LBW, <2,500 g). Preterm birth and fetal growth restriction are 
the two main causes of LBW, with prematurity relatively more common 
in richer countries and fetal growth restriction relatively more com-
mon in lower-income countries.

Nutritional status is often assessed in terms of anthropometry (Table 
62.2). International standards of normal child growth under optimum 
conditions from birth to 5 years have been established by the World 
Health Organization (WHO). To compile the standards, longitudinal 
data from birth to 24 months of healthy, breastfed, term infants were 
combined with cross-sectional measurements of children ages 18-71 
months. The standards allow normalization of anthropometric mea-
sures in terms of z scores (standard deviation [SD] scores). A z score 
is the child’s height (weight) minus the median height (weight) for 
the child’s age and sex divided by the relevant SD. The standards are 
applicable to all children everywhere, having been derived from a large, 
multicountry study reflecting diverse ethnic backgrounds and cultural 
settings.

Height-for-age (or length-for-age for children <2 years) is a mea-
sure of linear growth, and a deficit represents the cumulative impact 
of adverse events, usually in the first 1,000 days from conception, that 
result in stunting, or chronic undernutrition. A low height-for-age typi-
cally reflects socioeconomic disadvantage. A low weight-for-height, 
or wasting, usually indicates acute malnutrition. Conversely, a high 
weight-for-height indicates overweight. Weight-for-age is the most 
commonly used index of nutritional status, although a low value has 
limited clinical significance because it does not differentiate between 
wasting and stunting. Weight-for-age has the advantage of being some-
what easier to measure than indices that require height measurements. 
In humanitarian emergencies and some community or outpatient set-
tings, mid-upper arm circumference is used as a screening tool to 
identify wasted children (Fig. 62.4).

Body mass index (BMI) is calculated by dividing weight in kilo-
grams by the square of height in meters. For children, BMI is age and 
gender specific. BMI-for-age can be used from birth to 20 years and 
is a screening tool for thinness (less than −2 SD), overweight (between 

+1 SD and +2 SD), and obesity (greater than +2 SD). To diagnose 
obesity, additional measures of adiposity are desirable because a high 
BMI can result from high muscularity and not only from excess sub-
cutaneous fat.

Micronutrient deficiencies are another dimension of undernu-
trition. Those of particular public health significance are vitamin A, 
iodine, iron, and zinc deficiencies.

Vitamin A deficiency is caused by a low intake of retinol (in animal 
foods) or its carotenoid precursors, mainly beta-carotene (in orange-
colored fruits and vegetables and dark-green leaves) (see Chapter 66). 
The prevalence of clinical deficiency is assessed from symptoms and 
signs of xerophthalmia (principally night blindness and Bitot spots). 
Subclinical deficiency is defined as serum retinol concentration ≤0.70 
μmol/L. Vitamin A deficiency is the leading cause of preventable blind-
ness in children. It is also associated with a higher morbidity and mor-
tality among young children.

Table 62.2    � Classification of Undernutrition

CLASSIFICATION INDEX GRADING

Gomez (underweight) 90–75% of median 
weight-for-age

Grade 1 (mild)

75–60% Grade 2 (moderate)
<60% Grade 3 (severe)

Waterlow (wasting) 90–80% of median 
weight-for-height

Mild

80–70%
<70%

Moderate
Severe

Waterlow (stunting) 95–90% of median 
height-for-age

Mild

90–85% Moderate
<85% Severe

WHO (wasting) < −2 to > −3 SD 
weight-for-height

Moderate

< −3 Severe

WHO (stunting) < −2 to > −3 SD 
height-for-age

Moderate

< −3 Severe

WHO (wasting) (for 
age-group 6-59 mo)

115-125 mm 
mid-upper arm 
circumference

Moderate

<115 mm Severe

SD, Standard deviation; WHO, World Health Organization.

Fig. 62.4  Measuring mid-upper arm circumference. (Courtesy Nyani 
Quarmyne/Panos Pictures.)
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A severely undernourished child has edema, a rounded face, and skin changes. Which
phenotype in the table is associated with the rounded facial appearance?

A. Kwashiorkor

B. Marasmus without edema

C. Isolated iron deficiency

D. Simple dehydration

E. Primary hypothyroidism alone

Original table 62.6  |  Nelson printed p. 426  |  PDF p. 473

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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culturally appropriate. For complementary feeding, the introduc-
tion of nutrient-rich energy-dense mixtures of foods at 6 months of 
age and responsive feeding are often emphasized. Where adequate 
complementary feeding is difficult to achieve and subclinical defi-
ciencies are common, high-dose vitamin A supplementation every 
6 months in children 6-59 months of age reduces all-cause mortality 
and death caused by diarrhea by 12%, and zinc supplementation can 
reduce 1- to 4-year mortality by 18%, diarrhea incidence by 13%, 
and pneumonia by 19%. Monitoring of child growth provides an 
early alert to a nutrition or health problem but is only worthwhile if 
accompanied by good counseling and growth promotion activities. 
The impact of growth monitoring and promotion will depend on 
coverage, intensity of contact, health worker performance and com-
munication skills, adequacy of resources, and the motivation and 
ability of families to follow agreed actions.

Other Nutritional Interventions
Treatment of vitamin and mineral deficiencies is discussed in Chapters 
66-72. Treatment of LBW and intrauterine growth restriction is dis-
cussed in Chapter 119. 

SEVERE ACUTE MALNUTRITION
Severe acute malnutrition is defined as severe wasting and/or 
bilateral edema. Severe wasting is extreme thinness diagnosed by a 
weight-for-length (or height) < −3 SD of the WHO Child Growth 
Standards. In children ages 6-59 months, a mid-upper arm cir-
cumference <115 mm also denotes severe acute malnutrition: a 
color-banded tape (see Fig. 62.4) is a convenient way of screening 
children in need of treatment.

Bilateral edema is diagnosed by grasping both feet, placing a thumb 
on top of each, and pressing gently but firmly for 10 seconds. A pit 
(dent) remaining under each thumb indicates bilateral edema.

This definition of severe acute malnutrition distinguishes wasted/
edematous children from those who are stunted because stunted 
children (although underweight) are not a priority for acute clinical 
care because their deficits in height and weight cannot be corrected 
in the short term. The previous name protein-energy malnutrition 
is avoided because it oversimplifies the complex, multifactorial 
etiology. Other terms are marasmus (severe wasting), kwashiorkor 
(characterized by edema), and marasmic-kwashiorkor (severe wast-
ing and edema).

Children with severe acute malnutrition have had a diet insuffi-
cient in energy and nutrients relative to their needs. The magnitude 
of the deficits will differ depending on the duration of inadequacy, 
quantity and diversity of food consumed, presence of antinutrients 
(e.g., phytate), individual variation in requirements, and number 
and severity of coexisting infections and their duration. Infections 
can lead to profound nutrient deficits and imbalances: For exam-
ple, amino acids are diverted to form acute-phase proteins, potas-
sium, magnesium, vitamin A, and zinc are lost through diarrhea, 
and losses of glycine and taurine are linked to small bowel bacterial 
overgrowth. Ingested microbes can cause villous atrophy and loss 
of nutrients from maldigestion and malabsorption, as well as dis-
ruption of gut barrier function leading to microbial translocation, 
chronic immune activation, and altered gut microbiome (environ-
mental enteric dysfunction). Deficits can also arise from increased 
nutrient utilization in response to toxins (e.g., cysteine and methio-
nine to detoxify dietary cyanogens).

Children affected by severe acute malnutrition may have different 
clinical presentations and metabolic disturbances due to variations 
in the type and extent of deficits and imbalances in their bodies. 
This heterogeneity is a result of diverse pathways that lead to severe 
acute malnutrition. Children who develop edematous malnutrition 
are more likely than nonedematous children to have had exposures 
that generate oxidative stress and/or to have greater deficits in free 
radical–scavenging antioxidants (glutathione; vitamins A, C, and E; 
and essential fatty acids) or cofactors (zinc, copper, selenium).

Clinical Manifestations of Severe Acute Malnutrition 
(Table 62.6)
Severe wasting is most visible on the thighs, buttocks, and upper arms 
and over the ribs and scapulae, where loss of fat and skeletal muscle 
is greatest (Fig. 62.5). Wasting is preceded by failure to gain weight 
and then by weight loss. The skin loses turgor and becomes loose as 
subcutaneous tissues are broken down to provide energy. The face may 
retain a relatively normal appearance, but eventually becomes wasted 
and wizened. The eyes may be sunken from loss of retroorbital fat, and 
lacrimal and salivary glands may atrophy, leading to lack of tears and a 
dry mouth. Weakened abdominal muscles and gas from bacterial over-
growth of the upper gut may lead to a distended abdomen. Severely 
wasted children are often fretful and irritable.

In edematous malnutrition the edema is most likely to appear 
first in the feet and then in the lower legs. It can quickly develop 
into generalized edema affecting also the hands, arms, and face 
(Fig. 62.6). Skin changes typically occur over the swollen limbs and 
include dark, crackled peeling patches (“flaky paint” dermatosis) 
with pale skin underneath that is easily infected (see Figs. 62.2 and 
62.6). The hair is sparse, easily pulled out, and may lose its curl. In 
dark-haired children, the hair may turn pale or reddish. The liver 
is often enlarged with fat. Children with edema are uncomfortable, 
irritable and/or apathetic, and often refuse to eat. 

Table 62.6    � Clinical Signs of Malnutrition

SITE SIGNS

Face Moon face (kwashiorkor), simian facies (marasmus)

Eye Dry eyes, pale conjunctiva, Bitot spots (vitamin A), 
periorbital edema

Mouth Angular stomatitis, cheilitis, glossitis, spongy 
bleeding gums (vitamin C), parotid enlargement

Teeth Enamel mottling, delayed eruption

Hair Dull, sparse, brittle hair; hypopigmentation; flag 
sign (alternating bands of light and normal 
color); broomstick eyelashes; alopecia

Skin Loose and wrinkled (marasmus); shiny and 
edematous (kwashiorkor); dry, follicular 
hyperkeratosis; patchy hyperpigmentation and 
hypopigmentation (“crazy paving” or “flaky paint” 
dermatoses); erosions; poor wound healing

Nails Koilonychia; thin and soft nail plates, fissures, or 
ridges

Musculature Muscle wasting, particularly buttocks and thighs; 
Chvostek or Trousseau sign (hypocalcemia)

Skeletal Deformities, usually as a result of calcium, vitamin 
D, or vitamin C deficiencies

Abdomen Distended: hepatomegaly with fatty liver; ascites 
may be present

Cardiovascular Bradycardia, hypotension, reduced cardiac 
output, small vessel vasculopathy

Neurologic Global developmental delay, loss of knee and 
ankle reflexes, impaired memory

Hematologic Pallor, petechiae, bleeding diathesis

Behavior Lethargic, apathetic, irritable on handling

Gastrointestinal 
tract

Atrophy of small intestine mucosa, lactase 
deficiency common

Modified from Grover Z, Ee LC. Protein energy malnutrition. Pediatr Clin North Am. 
2009;56:1055–1068.
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A severely malnourished child is lethargic with cold hands and a weak, rapid pulse. Which
emergency syndrome in the table requires immediate stabilization?

A. Shock

B. Uncomplicated mild malnutrition

C. Isolated picky eating

D. Stable vitamin deficiency

E. Normal fasting adaptation

Original table 62.7  |  Nelson printed p. 428  |  PDF p. 475
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treatment should follow the 10 steps. Two other potentially fatal mis-
takes are to treat edema with a diuretic and to give a high-protein diet 
in the early phase of treatment.

Emergency Treatment
Table 62.7 summarizes emergency treatment for malnourished 
children with shock and other emergency conditions. Note that 
treatment of shock in these children is different (less rapid, smaller 
volume, different fluid) from treatment of shock in well-nourished 
children. However, shock from dehydration and shock from sepsis 
often coexist and are difficult to differentiate on clinical grounds. 
Thus the physician must be guided by the response to treatment: 
children with dehydration respond to IV fluid, whereas those with 
septic shock will not respond. Because severely malnourished chil-
dren can quickly succumb to fluid overload, they must be moni-
tored closely. 

Stabilization
Table 62.8 summarizes the therapeutic directives for stabilization steps 
1-7 (see Fig. 62.7). Giving broad-spectrum antibiotics (Table 62.9) 
and feeding frequent small amounts of F75 (a specially formulated 
low-lactose milk with 75 kcal and 0.9 g protein per 100 mL to which 
potassium, magnesium, and micronutrients are added) will reestablish 
metabolic control, treat edema, and restore appetite. The parenteral 
route should be avoided; children who lack appetite should be fed by 
nasogastric tube, because nutrients delivered within the gut lumen 
help in its repair. Table 62.10 provides recipes for preparing the spe-
cial feeds and their nutrient composition. Of the two recipes for F75, 
one requires no cooking, and the other is cereal based and has a lower 
osmolality, which may benefit children with persistent diarrhea. F75 is 
also commercially available; maltodextrins replace some of the sugar, 
and potassium, magnesium, minerals, and vitamins are already added.

Table 62.7    � Emergency Treatment in Severe Malnutrition

CONDITION IMMEDIATE ACTION

Shock
	 •	� Lethargic or unconscious and
	 •	� Cold hands
Plus either:
	 •	� Slow capillary refill (>3 sec) or
	 •	� Weak fast pulse

	1.	� Give oxygen.
	2.	� Give sterile 10% glucose (5 mL/kg) rapidly by IV injection.
	3.	� Give IV fluid at 15 mL/kg over 1 hr, using:
	 •	� Ringer lactate with 5% dextrose or
	 •	� Half-normal saline* with 5% dextrose or
	 •	� Half-strength Darrow solution with 5% dextrose
	 •	� If all these are unavailable, Ringer lactate
	4.	� Measure and record pulse and respirations at the start and every 10 min. If there are signs of improvement 

(pulse and respiration rates fall), repeat IV drip, 15 mL/kg for 1 more hr. Then switch to oral or nasogastric 
rehydration with ReSoMal, 5-10 mL/kg in alternate hr (see Table 62.8 step 3).

If there are no signs of improvement, assume septic shock and:
	1.	� Give maintenance fluid IV (4 mL/kg/hr) while waiting for blood.
	2.	� Order 10 mL/kg fresh whole blood and transfuse slowly over 3 hr. If signs of heart failure, give 5-7 mL/kg 

packed cells rather than whole blood.
	3.	� Give furosemide, 1 mg/kg IV at start of transfusion.

Hypoglycemia
Blood glucose <3 mmol/L

See Table 62.8 step 1 for treatment.

Severe dehydration Do not give IV fluids except in shock.
See Table 62.8 step 3 for treatment.

Very severe anemia
Hgb <4 g/dL

If very severe anemia (or Hgb 4-6 g/dL and respiratory distress):
	1.	� Give whole blood 10 mL/kg slowly over 3 hr. If signs of heart failure, give 5-7 mL/kg packed cells rather 

than whole blood.
	2.	� Give furosemide 1 mg/kg IV at the start of the transfusion.

Emergency eye care
Corneal ulceration

If corneal ulceration:
	1.	� Give vitamin A immediately (age <6 mo: 50,000 IU; 6-12 mo: 100,000 IU; >12 mo: 200,000 IU)
	2.	� Instill 1 drop atropine (1%) into affected eye to relax the eye and prevent the lens from pushing out.

*Some would recommend 5% dextrose in normal saline.
Hgb, Hemoglobin; IV, intravenous(ly).

Stabilization Rehabilitation

Day 1–2 Day 3–7 Week 2–6

1. Prevent/treat hypoglycemia 

2. Prevent/treat hypothermia

3. Treat/prevent dehydration

4. Correct imbalance of electrolytes

5. Treat infections

6. Correct deficiencies of micronutrients no iron with iron

7. Start cautious feeding

8. Rebuild wasted tissue (catch-up growth)

9. Provide loving care and play

10. Prepare for follow-up

Fig. 62.7  The 10 steps of treatment for severe acute malnutrition and their approximate time frames.
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A child with severe malnutrition develops hypoglycemia and hypothermia during stabilization.
Which underlying concern is explicitly linked to their coexistence?

A. Severe infection

B. Normal sleep cycle

C. Excess dietary fiber alone

D. Isolated refractive error

E. Benign tooth eruption
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Table 62.8    � Therapeutic Directives for Stabilization of Malnourished Children

STEP PREVENTION TREATMENT

	1.	� Prevent/treat 
hypoglycemia blood 
glucose <3 mmol/L.

Avoid long gaps without food and 
minimize need for glucose:

	1.	� Feed immediately.
	2.	� Feed every 3 hr day and night (2 hr 

if ill).
	3.	� Feed on time.
	4.	� Keep warm.
	5.	� Treat infections (they compete for 

glucose).
Note: Hypoglycemia and hypothermia 

often coexist and are signs of severe 
infection.

If conscious:
	1.	� Give 10% glucose (50 mL), or a feed (see step 7), or 1 tsp sugar under 

tongue, whichever is quickest.
	2.	� Feed every 2 hr for at least first day. Initially give 1⁄4 of feed every 30 min.
	3.	� Keep warm.
	4.	� Start broad-spectrum antibiotics.
If unconscious:
	1.	� Immediately give sterile 10% glucose (5 mL/kg) rapidly by IV.
	2.	� Feed every 2 hr for at least first day. Initially give 1⁄4 of feed every 30 min. 

Use nasogastric (NG) tube if unable to drink.
	3.	� Keep warm.
	4.	� Start broad-spectrum antibiotics.

	2.	� Prevent/treat 
hypothermia axillary 
<35°C (95°F); rectal 
<35.5°C (95.9°F).

Keep warm and dry and feed 
frequently.

	1.	� Avoid exposure.
	2.	� Dress warmly, including head, and 

cover with blanket.
	3.	� Keep room hot; avoid drafts.
	4.	� Change wet clothes and bedding.
	5.	� Do not bathe if very ill.
	6.	� Feed frequently day and night.
	7.	� Treat infections.

Actively rewarm.
	1.	� Feed.
	2.	� Skin-to-skin contact with caregiver (“kangaroo technique”) or dress in 

warmed clothes, cover head, wrap in warmed blanket, and provide  
indirect heat (e.g., heater; transwarmer mattress; incandescent lamp).

	3.	� Monitor temperature hourly (or every 30 min if using heater).
	4.	� Stop rewarming when rectal temperature is 36.5°C (97.7°F).

	3.	� Prevent/treat 
dehydration.

Replace stool losses.
	1.	� Give ReSoMal after each watery 

stool. ReSoMal (37.5 mmol Na/L) is 
a low-sodium rehydration solution 
for malnutrition.

Do not give IV fluids unless the child is in shock.
	1.	� Give ReSoMal 5 mL/kg every 30 min for first 2 hr orally or NG tube.
	2.	� Then give 5-10 mL/kg in alternate hours for up to 10 hr. Amount depends 

on stool loss and eagerness to drink. Feed in the other alternate hour.
	3.	� Monitor hourly and stop if signs of overload develop (pulse rate increases 

by 25 beats/min and respiratory rate by 5 breaths/min; increasing edema; 
engorged jugular veins).

	4.	� Stop when rehydrated (≥3 signs of hydration: less thirsty, passing urine, 
skin pinch less slow, eyes less sunken, moist mouth, tears, less lethargic, 
improved pulse and respiratory rate).

	4.	� Correct electrolyte 
imbalance—deficit 
of potassium and 
magnesium, excess 
sodium.

	1.	� Give extra potassium (4 mmol/kg/day) and magnesium (0.6 mmol/kg/day) 
for at least 2 wk (see Table 62.12).

Note: Potassium and magnesium are already added in Nutriset F75 and F100 
packets.

	5.	� Prevent/treat 
infections.

Minimize risk of cross-infection.
	1.	� Avoid overcrowding.
	2.	� Wash hands.
	3.	� Give measles vaccine to 

unimmunized children age >6 mo.

Infections are often silent. Starting on first day, give broad-spectrum  
antibiotics to all children.

	1.	� For antibiotic choices/schedule, see Table 62.9.
	2.	� Ensure all doses are given, and given on time.
	3.	� Cover skin lesions so that they do not become infected. Note: Avoid 

steroids because they depress immune function.

	6.	� Correct micronutrient 
deficiencies.

Note: Folic acid, multivitamins, zinc, 
copper, and other trace minerals are 
already added in Nutriset F75 and 
F100 packets.

Do not give iron in the stabilization phase.
	1.	� Give vitamin A on day 1 (<6 mo 50,000 units; 6-12 mo 100,000 units; >12 

mo 200,000 units) if child has any eye signs of vitamin A deficiency or has 
had recent measles. Repeat this dose on days 2 and 14.

	2.	� Give folic acid, 1 mg (5 mg on day 1).
	3.	� Give zinc (2 mg/kg/day) and copper (0.3 mg/kg/day). These are in the 

electrolyte/mineral solution and Combined Mineral Vitamin mix (CMV) and 
can be added to feeds and ReSoMal.

	4.	� Give multivitamin syrup or CMV.

	7.	� Start cautious 
feeding.

	1.	� Give 8-12 small feeds of F75 to provide 130 mL/kg/day, 100 kcal/kg/day, 
and 1-1.5 g protein/kg/day.

	2.	� If gross edema, reduce volume to 100 mL/kg/day.
	3.	� Keep a 24-hr intake chart. Measure feeds carefully. Record leftovers.
	4.	� If child has poor appetite, coax and encourage to finish the feed. If unfinished, 

reoffer later. Use NG tube if eating ≤80% of the amount offered.
	5.	� If breastfed, encourage continued breastfeeding but also give F75.
	6.	� Transfer to F100 when appetite returns (usually within 1 wk) and edema has 

been lost or is reduced.
	7.	� Weigh daily and plot weight.
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A malnourished adolescent develops weakness and respiratory difficulty soon after nutritional
rehabilitation begins; serum phosphate falls sharply. Which complication is most likely?

A. Refeeding syndrome

B. Tic disorder

C. Acute rheumatic fever

D. Primary asthma alone

E. Iron overload
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Table 63.1    � Clinical Signs and Symptoms of Refeeding Syndrome

HYPOPHOSPHATEMIA HYPOKALEMIA HYPOMAGNESEMIA
VITAMIN/THIAMINE 

DEFICIENCY
SODIUM  

RETENTION HYPERGLYCEMIA

Cardiac
Hypotension
Decreased stroke volume

Respiratory
Impaired diaphragm 

contractility
Dyspnea
Respiratory failure

Neurologic
Paresthesia
Weakness
Confusion
Disorientation
Lethargy
Areflexic paralysis
Seizures
Coma
Hematologic
Leukocyte dysfunction
Hemolysis
Thrombocytopenia

Other
Death

Cardiac
Arrhythmias

Respiratory
Failure

Neurologic
Weakness
Paralysis

Gastrointestinal
Nausea
Vomiting
Constipation

Muscular
Rhabdomyolysis
Muscle necrosis

Other
Death

Cardiac
Arrhythmias

Neurologic
Weakness
Tremor
Tetany
Seizures
Altered mental status
Coma

Gastrointestinal
Nausea
Vomiting
Diarrhea

Other
Refractory hypokalemia 

and hypocalcemia
Death

Encephalopathy
Lactic acidosis
Death

Fluid overload
Pulmonary 

edema
Cardiac 

compromise

Cardiac
Hypotension

Respiratory
Hypercapnia
Failure

Other
Ketoacidosis
Coma
Dehydration
Impaired immune 

function

Data from Kraft MD, Btaiche IF, Sacks GS. Review of RFS. Nutr Clin Pract. 2005;20:625–633. From Fuentebella J, Kerner JA. Refeeding syndrome. Pediatr Clin North Am. 
2009;56:1201–1210.

nations, where the World Health Organization (WHO) guidelines 
for the treatment of malnutrition are still in place (see Chapter 62). 
However, the majority of patients hospitalized in the United States 
are adolescents with acute, moderate malnutrition. In this patient 
population, studies have demonstrated the feasibility of higher-
calorie refeeding beginning >1,400 calories per day. A randomized 
clinical trial has demonstrated the efficacy and safety of starting 

with 2,000 calories per day in hospitalized adolescents with mod-
erate malnutrition secondary to anorexia nervosa. In the United 
States, meal-based refeeding is most common, with food served 
on bedside trays, whereas higher-calorie refeeding by nasogastric 
tube is reported in Australia. Electrolyte shifts are much lower than 
expected using these protocols; serum electrolyte levels can be 
monitored daily in hospital settings and decreased electrolyte levels 
may be corrected with supplementation.

The following guidance is a suggestion for possible electrolyte 
repletion for refeeding syndrome in adolescents with eating disor-
ders. For hypophosphatemia: Phos-Na-K 1 packet (250 mg) tid for 
phosphorous 2.5-2.9 mg/dL; Phos-Na-K 2 packets (500 mg) tid for 
phosphorous 2.0-2.4 mg/dL; IV Na-K-Phos 0.24 mmol/kg max 15 
mmol/dose, and consider intensive care consultation for phospho-
rous <2.0 mg/dL. For hypokalemia: extended release KCl 20 mEq 
PO for potassium 3.1-3.4 mmol/L (recheck in 8-12 hours); extended 
release KCl 40 mEq PO for potassium 2.5-3.0 mmol/L (recheck in 
8-12 hours); extended release KCl 40 mEq PO stat for potassium 
2.2-2.4 mmol/L; and IV KCl and consider intensive care consulta-
tion for potassium <2.2 mmol/L. For hypomagnesemia: Mag-oxide 
1 tablet (133-200 mg elemental Mg each) bid for magnesium 1.3-1.7 
mg/dL; Mag-oxide 2 tablets (133-200 mg elemental Mg each) bid 
for magnesium 1.0-1.2 mg/dL; and IV Mg-SO4 @50 mg/kg; max 2 g/
dose and consider intensive care consultation for magnesium <1.0 
mg/dL. Declining electrolytes but within the normal range gener-
ally do not need to be treated.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 63.2    � Refeeding Syndrome: National Institutes for 
Clinical Excellence (NICE) Guidelines for  
Management of Refeeding Syndrome

PATIENTS AT RISK FOR REFEEDING SYNDROME

ONE OR MORE OF THE  
FOLLOWING

TWO OR MORE OF THE  
FOLLOWING

	•	 �BMI <16 kg/m2 	•	 �BMI <18.5 kg/m2

	•	 �Unintentional weight loss of 
>15% in the previous 3-6 mo

	•	 �Unintentional weight loss of 
>10% in the previous 3-6 mo

	•	 �Little or no nutritional intake 
for >10 days

	•	 �Little or no nutritional intake 
for >5 days

	•	 �Low levels of potassium,  
phosphorus, or magnesium 
before refeeding

	•	 �History of alcohol or drug use, 
including insulin, chemotherapy, 
antacids, or diuretics

From Sachs K, Andersen D, Sommer J, Winkelman A, Mehler PS. Avoiding medical 
complications during the refeeding of patients with anorexia nervosa. Eat Disord. 
2015;23(5):411–421, Table 1, p. 414.

—OR—
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An infant has a weight-for-length z score of -3.2. How does the comprehensive
malnutrition-indicators table classify this single finding?

A. Severe malnutrition

B. Moderate malnutrition

C. Mild malnutrition

D. Obesity

E. No nutritional concern

Original table 64.1  |  Nelson printed p. 433  |  PDF p. 480

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13
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See Chapter 62 for malnutrition in low- and middle-income coun-
tries. Malnutrition refers to undernutrition and is defined as an 
imbalance between nutrient requirements and intake or delivery 
that then results in deficits—of energy, protein, or micronutrients—
that negatively affect growth and development. Malnutrition may be 
illness related or nonillness related, or both. Illness-related malnu-
trition may be caused by one or more diseases, infections, or con-
genital anomalies and by injury or surgery. Nonillness-related causes 
include environmental, psychosocial, or behavioral factors. Often, 
one cause may be primary and exacerbated by another. Patients with 
malnutrition may present with growth deceleration, or actual weight 
loss, as measured by anthropometric parameters, including weight, 
length/height, skinfolds, and mid-upper arm circumference (see 
Chapter 62). Wasting is defined as being too thin for height (weight 
for length or body mass index [BMI] z score less than −2). Stunting 
is defined as being too short for age (height or length z score less 
than −2).

U.S. data suggest 10% of children seen by primary care physicians 
are diagnosed with growth faltering. Malnutrition is a primary diagno-
sis in 1–5% of all hospital admissions. The prevalence of malnutrition 
in hospitalized patients is ∼25%; malnutrition in children can contrib-
ute to poor outcomes, especially in intensive care units.

Although failure to thrive (FTT) has classically been the term used 
to describe children who are not meeting weight gain targets based on 
growth curves, the term malnutrition more accurately describes this 
cohort of children and removes perceived accusations or blame from 
the diagnosis.

CLINICAL MANIFESTATIONS
The degree of malnutrition can be assessed by inadequate weight-
for-corrected age, failure to gain adequate weight over time (weight 
gain velocity), height velocity, weight-for-length or BMI depend-
ing on age, and developmental outcomes (see Chapter 62). These 
growth and anthropometric parameters are measured longitudi-
nally and plotted on growth charts appropriate for the child’s sex, 
age (corrected if premature), and, if known, genetic disorders, such 
as trisomy 21 or Turner syndrome. The American Academy of 
Pediatrics (AAP) and the U.S. Centers for Disease Control and Pre-
vention (CDC) recommend the 2006 World Health Organization 
(WHO) standards for infants up to 2 years of age who are measured 
supine for length. The CDC 2000 growth references are recom-
mended for children and adolescents (age 2-20 years) when mea-
sured with a standing height. The severity of malnutrition (mild, 
moderate, or severe) may be determined by plotting the z score 
(standard deviation [SD] from the mean) for each of these anthro-
pometric values on the age- and sex-appropriate growth chart 
(Table 64.1). Most electronic health records are able to calculate and 
plot the z scores for measured anthropometrics. Z scores can also be 
obtained by entering measurements in electronic applications such 
as peditools.org. In infants less than 6 months old, a slow or slowing 
weight gain velocity can indicate malnutrition even if weight/length 
is preserved. The presence of bilateral pitting edema and low albu-
min triggers concern for edematous malnutrition (kwashiorkor) 
in the absence of an alternative explanation (such as heart, liver, or 
renal disease). Edema in the setting of malnutrition automatically 
classifies as severe malnutrition (see Table 64.1). 

ETIOLOGY AND DIAGNOSIS
The most common mechanisms of pediatric malnutrition are 
nonillness related and are secondary to insufficient calorie intake, 
whether the result of low maternal breast milk supply, psychosocial 
factors such as food insecurity, or feeding difficulties. Picky eat-
ing, although common in young children, can occasionally be so 
restrictive as to result in malnutrition and/or micronutrient defi-
ciencies. Avoidant restrictive food intake disorder is one risk fac-
tor and is often seen in children with autism, food aversions, or 
those on elimination diets for fear of food allergies or gluten sen-
sitivity (Fig. 61.3) (Table 64.2). The most important illness-related 

Chapter 64

Malnutrition in  
High-Resource Settings
Liliane K. Diab, Stephanie P. Gilley, and 
Nancy F. Krebs

Table 64.1    � Comprehensive Malnutrition Indicators

INDICATORS* SEVERE MALNUTRITION MODERATE MALNUTRITION MILD MALNUTRITION

Weight-for-length z score ≤−3 −2.0 to −2.99 −1.0 to −1.99†

BMI-for-age z score ≤−3 −2.0 to −2.99 −1.0 to −1.99†

Length z score ≤−3 No data No data

Mid-upper arm circumference ≤−3 −2.0 to −2.99 −1.0 to −1.99

†Weight gain velocity (<2 years 
of age)

<75% of the norm for expected 
weight gain

<50% of the norm for expected 
weight gain

<25% of the norm for expected 
weight gain

†Weight loss (2-20 yr of age) >10% of UBW >7.5% UBW >5% UBW

†Deceleration in weight-for-
length/height or BMI-for-age

Deceleration across 3 z score lines Deceleration across 2 z score lines Deceleration across 1 z score line

†Inadequate nutrient intake ≤25% of estimated energy/protein 
need

26–50% of estimated energy/ 
protein need

51–75% of estimated energy/
protein need

^Edema Present Absent Absent

Use clinical judgment when applying these diagnostic criteria.
*It is recommended that when a child meets more than one malnutrition acuity level, the highest acuity level is used for diagnosis to ensure that appropriate evaluation, monitoring, 

and treatment are provided.
^The presence of bilateral pitting edema and low albumin is diagnostic for kwashiorkor, which is severe malnutrition regardless of any other indicator(s).
†Needs additional positive diagnostic criteria to make a malnutrition diagnosis.
BMI, Body mass index; UBW, usual body weight. 
Adapted with modifications from Becker PJ, Nieman Carney L, Corkins MR, et al. Consensus statement of the Academy of Nutrition and Dietetics/American Society for Parenteral 

and Enteral Nutrition: indicators recommended for the identification and documentation of pediatric malnutrition (undernutrition). J Acad Nutr Diet. 2014;114(12):1988–2000.
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A preschooler avoids food textures, needs oral supplements, and has faltering growth but no
fear of weight gain. Which disorder is described?

A. Avoidant/restrictive food intake disorder

B. Bulimia nervosa

C. Anorexia nervosa

D. Panic disorder

E. Illness anxiety disorder

Original table 64.2  |  Nelson printed p. 434  |  PDF p. 481

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14
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cause of insufficient growth is inability to consume sufficient calo-
ries or starvation. The differential diagnosis in this case is broad 
and includes many health conditions such as cardiac and neuro-
logic diseases. Oral aversion can sometimes be a manifestation of 
eosinophilic esophagitis or dysphagia. Other causes of malnutrition 
are (1) increased nutrient losses (e.g., protein-losing enteropathy, 
chronic diarrhea); (2) increased metabolic demands, as seen in 

extensive burn injuries, congenital heart disease, and thyroid disor-
ders; (3) altered nutrient digestion, absorption, or utilization (e.g., 
cystic fibrosis, short bowel syndrome, celiac disease); and (4) some 
chromosome abnormalities that can be associated with poor growth 
such as Russel Silver syndrome. More than one mechanism can exist 
simultaneously (Fig. 64.1). Chronic malnutrition is defined as mal-
nutrition having a duration of ≥3 months (see Chapter 62).

A complete history includes information regarding the onset of 
the growth faltering, a detailed review of systems, past medical his-
tory, and family history including parents’ heights and growth pat-
terns. The perinatal history is also important to identify children 
who are born small for gestational age (SGA). SGA infants who are 
asymmetric (birthweight is disproportionally more depressed than 
length or head circumference) have a better prognosis for catch-up 
growth than do infants who have symmetric intrauterine growth 
restriction. A detailed nutritional history should include unusual 
nutritional beliefs and the quantity, quality, and frequency of meals. 
A comprehensive physical examination can help elucidate possible 
underlying etiologies and manifestations of micronutrient deficien-
cies to guide laboratory or imaging evaluation if indicated (Table 
64.3 and see Table 62.6). Tanner staging cannot be used as a marker 
for nutritional status, but it is influenced and often delayed by mal-
nourishment. Puberty will usually resume progression when the 
malnourished state improves. A reasonable initial screen should 
include a complete blood count, a comprehensive metabolic panel 
(CMP), and urinalysis.

Additional measurements that are useful for classifying the 
severity of malnutrition and following the progress of the acutely 
malnourished child are mid-upper arm circumference (MUAC) 
and triceps skin folds (TSF). MUAC can be used as an indepen-
dent anthropometric tool to screen for and diagnose malnutrition 
(depletion of subcutaneous fat stores) when obtaining an accurate 
length or height is difficult. The MUAC is used as a predictor of 
malnutrition-related mortality by the WHO (increased risk of death 
from malnutrition if less than 11.5 cm in infants and children 6-64 

Table 64.2    � DSM-5 Diagnosis of Avoidant/Restrictive Food 
Intake Disorder

	A.	�An eating or feeding disturbance (e.g., apparent lack of interest 
in eating or food; avoidance based on the sensory characteristics 
of food; concern about aversive consequences of eating) as 
manifested by persistent failure to meet appropriate nutritional 
and/or energy needs associated with one (or more) of the 
following:

	 1.	� Significant weight loss (or failure to achieve expected weight 
gain or faltering growth in children).

	 2.	� Significant nutritional deficiency.
	 3.	� Dependence on enteral feeding or oral nutritional supplements.
	 4.	� Marked interference with psychosocial functioning.
	B.	� The disturbance is not better explained by lack of available food 

or by associated culturally sanctioned practice.
	C.	�The eating disturbance does not occur exclusively during the 

course of anorexia nervosa or bulimia nervosa, and there is no 
evidence of a disturbance in the way in which one’s body weight 
or shape is experienced.

	D.	�The eating disturbance is not attributable to a concurrent medical 
condition or not better explained by another mental disorder. 
When the eating disturbance occurs in the context of another 
condition or disorder, the severity of the eating disturbance  
exceeds that routinely associated with the condition or disorder 
and warrants additional clinical attention.

From the Diagnostic and Statistical Manual of Mental Disorders, 5th ed. p. 947. 
Copyright 2013. American Psychiatric Association.
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Fig. 64.1  Defining malnutrition in hospitalized children (ASPEN). CDC, Centers for Disease Control and Prevention; MGRS, Multicenter Growth 
Reference Study; WHO, World Health Organization. (From Mehta NM, Corkins MR, Lyman B, et al. Defining pediatric malnutrition: A paradigm shift 
toward etiology-related definitions. J Parenter Enteral Nutr. 2013;37[4]:460-481.)
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A child with poor growth has marked mealtime conflict, inconsistent meal schedules, and food
refusal without chronic diarrhea or systemic symptoms. Which evaluation domain in the
malnutrition table is especially relevant?

A. Home feeding environment and psychosocial factors

B. Congenital cardiac catheterization

C. Acute renal replacement therapy

D. Isolated fracture dating

E. Chromosomal mosaicism alone

Original table 64.3  |  Nelson printed p. 435  |  PDF p. 482
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months of age). TSF is a measure of subcutaneous fat and is a sen-
sitive indicator of total body fat. Both MUAC and TSF are espe-
cially useful tools for nutrition status assessment in children with 
altered body composition such as low muscle mass due to cerebral 
palsy. However, TSF needs to be done by experienced providers to 
minimize errors. MUAC and TSF charts are available on the WHO 
website. 

TREATMENT
While an illness-related etiology of malnutrition is being investi-
gated, caloric supplementation can occur simultaneously. Both 
the medical workup and the initiation of supplemental oral feeds 
can occur in the outpatient setting with close follow-up. Con-
sider including a speech or occupational therapist for a suck-and-
swallow evaluation if the history suggests difficulty with oral feeds. 
Hospitalization may be indicated for cases of severe malnutrition 
because of the potential for refeeding syndrome (see Chapter 63), 
or if a child with mild to moderate malnutrition has not responded 
after 2-3 months of outpatient management. Hospitalization may 
include initiation of nasogastric tube feeds, further diagnostic and 
laboratory evaluation, assessment and observed implementation 
of adequate nutrition, and evaluation of the parent-child feeding 
interaction. The type of caloric supplementation is based on the age 

of the child, the severity of malnutrition, and the underlying medi-
cal condition. Every effort to maximize the breastfeeding relation-
ship in breastfed infants should be made, ideally involving lactation 
support, expressing breast milk to increase supply if low, and forti-
fication of maternal milk if indicated.

Feeding style is equally important to caloric intake. Parents 
should be encouraged to respond to the child’s cues of hunger and 
satiety and to have a structured schedule for meals and snacks 
(every 2-3 hours). A responsive feeding style that respects the tod-
dler’s autonomy but retains parental control over food choices helps 
establish healthy feeding habits (see Chapter 61). Grazing behaviors 
with frequent small snacks interfere with eating at mealtimes. Com-
monly used spill-proof and squeezable packaging foster eating “on 
the go” and has been associated with poor self-regulation of energy 
intake.

Use of liquid oral nutritional supplements resulted in significantly 
better catch-up growth in children with moderate to severe mal-
nutrition (Tables 64.4 and 64.5). Oral nutritional supplements are 
most helpful when monitored and balanced with food intake. Start 
with 30-40 kcal per kg per day and serve them in small amounts 
simultaneously with meals to allow intake of age-appropriate food. 
However, children with oral motor difficulties may need to con-
sume a larger proportion of calories in a liquid form.

Table 64.3    � Approach to Malnutrition Based on Review of Systems

CAUSE HISTORY AND PHYSICAL EXAMINATION DIAGNOSTIC CONSIDERATION WORKUP

Psychosocial Lack of structure, poor sleep, permissive or 
intrusive feeding, feeding difficulties and 
food refusal starting in infancy

Low caloric intake secondary to home 
feeding environment; in extreme 
cases need to consider child neglect 
or abuse

Avoidant restrictive food intake disorder 
(ARFID)

May need blood tests to check 
for certain micronutrient 
deficiencies based on diet 
history

CNS Developmental delay, poor feeding, 
vomiting, large head circumference, 
abnormal neurologic exam

Brain tumor, intracranial bleeding 
(consider child abuse)

Referral to developmental pediatrics 
or neurology, MRI, EEG, specific 
test for neuromuscular function

Gastrointestinal Chronic vomiting or diarrhea, fatty 
stool, crying with feedings, nocturnal 
cough, snoring, history of travel to/from 
developing countries

Malabsorption, intestinal parasites, 
milk protein intolerance, pancreatic 
insufficiency, cystic fibrosis, celiac 
disease, immunodeficiency, 
inflammatory bowel disease, small 
bowel bacterial overgrowth

May need referral to 
gastroenterology; stool studies 
(reducing substance, occult 
blood, fat stain), upper GI with 
small bowel follow-through; may 
need endoscopic evaluation

Cardiac Slow feeding, dyspnea, diaphoresis with 
feeding, restless sleep, heat murmur

Congenital heart disease, heart failure Referral to cardiology, ECG, 
echocardiogram

Genetic May have a positive family history of 
developmental delay; often facies typical 
of a syndrome, skeletal abnormalities, 
heart murmur; consider in symmetric IUGR.

Noonan syndrome, William syndrome, 
Turner syndrome, Russel Silver 
syndrome

Specific genetic testing

Pulmonary Dyspnea, tachypnea, recurrent wheezing, 
pulmonary infections

Asthma, aspiration, food allergies, 
cystic fibrosis, immunodeficiency, 
neuroendocrine hyperplasia of infancy

Chest x-ray, sweat chloride test; 
specialty referral

Renal History of recurrent UTI, abnormal urinalysis, 
elevated BUN and creatinine

UTI, renal tubular acidosis General chemistry with BUN and 
creatinine, urinalysis, urine and 
serum osmolality

Endocrine Hypothyroidism is associated with  
decreased activity level; diabetes is  
associated with polyuria and polydipsia; 
growth hormone deficiency is associated 
with decreased linear growth velocity

Hypothyroidism, type 1 diabetes, 
growth hormone deficiency

Thyroid function tests, blood 
glucose and urinalysis, pituitary 
function tests

BUN, Blood urea nitrogen; CNS, central nervous system; CT, computed tomography; ECG, electrocardiogram; EEG, electroencephalogram; IUGR, intrauterine growth restriction; UTI, 
urinary tract infection.

Adapted from Carrasco MM, Wolford JE. Child abuse and neglect. In Zitelli BJ, McIntire SC, Nowalk AJ, eds. Atlas of Pediatric Physical Diagnosis, 7th ed. Philadelphia: Elsevier; 2018, 
Table 6.6.
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A child with malabsorption needs an oral supplement containing medium-chain triglycerides
and partially broken-down nutrients. Which category in the table best fits?

A. Semi-elemental peptide formula

B. Standard cow-milk formula only

C. Plain water

D. Unfortified fruit juice

E. An isolated electrolyte solution

Original table 64.4  |  Nelson printed p. 436  |  PDF p. 483
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Table 64.4    � Nutritional Supplements

CATEGORY BRAND EXAMPLES FEATURES AND COMMENTS

ORAL SUPPLEMENTS

Standard, cow’s milk protein Boost Kid Essentials 1.0 or 1.5 (with or without fiber)
PediaSure 1.0 or 1.5 (with or without fiber)
Nutren Jr 1.0 (with or without fiber)
Kate Farms Pediatric Standard 1.2
*EnfaGrow
*Nido
*Scandishake

May or may not contain lactose.

Semi-elemental Kate Farms Pediatric Peptide 1.5
PediaSure Peptide 1.0 or 1.5
Peptamen Jr

Used for malabsorption. Contains MCT.

Elemental EleCare Junior
Neocate Splash
Neocate Jr
Puramino
Peptamen Jr

Used for malabsorption or severe protein allergy. 
Contains MCT.

Soy protein Bright Beginnings Soy
Pediasmart Soy

Cow-milk protein free.

Clear liquid *Boost Breeze
*Ensure Clear

Clear liquid, fruit flavored, fat free; cow’s milk protein 
source. For supplemental nutrition only; none are a 
complete nutrition supplement.

Wound healing supplement Juven
Arginaid

Arginaid: l-Arginine only. Juven: Arginine glutamine, 
and betahydroxy-betamethylbutyrate.

TUBE FEEDING
Standard, cow’s milk protein Boost Kid Essentials 1.0, 1.5

Nutren Junior
PediaSure 1.0

Isotonic, most available with or without additional 
fiber.

High calorie Boost Kid Essentials 1.5 (1.5 kcal/mL)
PediaSure 1.5 (1.5 kcal/mL)
Kate Farms Pediatric Peptide 1.5 (1.5 kcal/mL)

For increased caloric needs or fluid restriction.

Food-based formulas Compleat Pediatric (1.0 kcal/mL)
Compleat Pediatric Reduced Calorie (0.6 kcal/mL)
Compleat Pediatric Organic Blends (1.2 kcal/mL)
PediaSure Harvest (1.0 kcal/mL)
Kate Farms Pediatric Standard (1.2 kcal/mL)
Nourish (1.13 kcal/mL)

List of products is not exhaustive and does not imply endorsement. Pediatric formulas are appropriate for children ages 1-11 years and are not appropriate for use in infants. After 11 
years, adult formulations (not listed) may be used.

*Does not provide complete sole source of nutrition.
Adapted from Pediatric Nutrition Handbook/internal guide at Children’s Hospital Colorado.

The response to feeding depends on the specific diagnosis, medi-
cal treatment, and severity of malnutrition. The same anthropomet-
ric measures used to diagnose malnutrition can be used to measure 
progress and recovery from the malnourished state. Target recovery 
growth is 150% of the normal rate of weight gain for age (Table 
64.6). Many children with malnutrition require empiric micronu-
trient supplementation with zinc (and thiamine, if concerns about 
refeeding). Iron deficiency is also common in young children, but 
supplementation is most effective if initiated after resolution of any 
acute inflammatory processes (such as infection) and is typically 
not initiated until after 1-2 weeks of successful weight restoration. 
Additional supplementation for other micronutrients such as vita-
min D and vitamin A can be considered based on symptoms and 
laboratory evaluation.

Interventions for contributing psychosocial factors are ideally tar-
geted to the underlying issue, such as maternal depression or insuf-
ficient funds for food. Some children who develop feeding aversion 
behaviors will require treatment by a specialized feeding team. If abuse 
or purposeful neglect is a concern, the family should be referred to the 
child protective services team.

Kwashiorkor has a specific set of treatment guidelines from the 
WHO, including empiric antibiotics and avoidance of intravenous 
fluids and rapid repletion, as this can precipitate heart failure. Treat-
ment of kwashiorkor in a low-resource setting is discussed in more 
detail in Chapter 62. In a high-resource setting, treatment may involve 
continuous feeds of a semi-elemental formula through a nasogastric 
tube to stabilize blood sugars in conjunction with close monitoring of 
electrolytes. 

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 076 / 300

76



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 17 / 30

A child with glycogen storage disease needs a dietary carbohydrate used in some regimens to
prevent fasting hypoglycemia. Which table-listed calorie booster is relevant?

A. Uncooked cornstarch

B. Caffeine

C. Food coloring

D. Plain carbonated water

E. A nonnutritive sweetener
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Table 64.5    � Calorie Boosters for Oral and Enteral Feeding

Kcal/g Kcal/Tbsp FEATURES AND COMMENTS

CARBOHYDRATE (CHO)

Cornstarch 3.8 33 Can add to formula or water to treat hypoglycemia in glycogen 
storage disease or other disorders; dose per weight, age, and 
glucose levels; suggested starting dose of 0.5 g per kg per feed.

Infant rice cereal — 15 Thickens formula, not human milk; start with 1 teaspoon rice 
cereal/oz formula (adds 5 kcal/oz, dilutes other nutrients). Not 
recommended to administer through feeding tube.

FAT
MCT oil 8.3 116 7.7 kcal/mL; does not mix well, can administer as small bolus.

Heavy whipping cream 50 3.3 kcal/mL can be added to milk or nutritional supplements.

Butter 100 Easy to mix and use in a variety of foods.

PROTEIN
Beneprotein 3.6 16.7 100% whey protein; 1 packet = 1 scoop = 7 g weight, 6 g protein, 

25 kcal; can add to formula, human milk, food, or beverages.

COMBINATION
Duocal 4.9 42 Hydrolyzed corn starch and fat (35% MCT); can add to formula, 

human milk, food, or beverages.

MCT Procal 6.6 — 1 packet (16 g) = 105 kcal, 10 g MCT, 2 g protein. For altered fat 
absorption or metabolism. Contains MCT and milk protein; can 
add to formula, food, and beverages.

Carnation Instant Breakfast 1 packet (36 g) = 140 kcal

Table 64.6    � Weight Gain Velocity (0-2 Years of Age, g/day)

AGE (MONTHS) EXPECTED GROWTH (g/DAY) CATCH-UP GROWTH (g/DAY)

Preterm infant 30-40

0-3 20-30 30-45

3-6 15-20 20-30

6-9 10-15 15-20

9-12 10 15

12-24 6 10

PROGNOSIS
Malnutrition, regardless of cause, can potentially have a detrimental 
effect on physical and intellectual growth and development, especially 
in infants younger than 2 years old. Early diagnosis and treatment of 
acute malnutrition may avoid long-term consequences. Multiple stud-
ies point to a negative impact of chronic malnutrition and stunting on 

intelligence quotient (IQ) later in life. Pediatric medical providers are 
encouraged to approach nutritional status in children as a controllable 
factor that can have a profound influence on brain function throughout 
life.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.
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An adolescent with obesity snores nightly and has daytime sleepiness. Which
obesity-associated comorbidity in the table should be assessed?

A. Obstructive sleep apnea

B. Primary visual migraine

C. Congenital cataract

D. Acute appendicitis

E. Tic disorder
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Fig. 65.3  Brain structures involved in energy homeostasis. Receipt of long-term adipostatic signals and acute satiety signals by neurons in arcu-
ate nucleus and brainstem, respectively. Pale-blue boxes indicate nuclei containing proopiomelanocortin (POMC) neurons; tan boxes indicate 
nuclei containing melanocortin-4 receptor (MC4R) neurons that may serve to integrate adipostatic and satiety signals; and darker-blue boxes 
show some circumventricular organs involved in energy homeostasis. Magenta arrows designate a subset of projections of POMC neurons; blue 
arrows show a subset of projections of agouti-related peptide (AGRP) neurons. AP, Area postrema; ARC, arcuate nucleus; BST, bed nucleus of 
stria terminalis; CCK, cholecystokinin; CEA, central nucleus of amygdala; CNS, central nervous system; DMV, dorsal motor nucleus of vagus; LH, 
lateral hypothalamic area; LPB, lateral parabrachial nucleus; ME, median eminence; NTS, nucleus tractus solitarius; PVN, paraventricular nucleus 
of hypothalamus; RET, reticular formation. (Modified from Fan W, Ellacott KL, Halatchev IG, Takahashi K, Yu P, Cone RD. Cholecystokinin-mediated 
suppression of feeding involves the brainstem melanocortin system. Nat Neurosci. 2004;7[4]:335–336.)

Table 65.2     Obesity-Associated Comorbidities

DISEASE POSSIBLE SYMPTOMS LABORATORY CRITERIA

CARDIOVASCULAR
Dyslipidemia HDL <40, LDL >130, total cholesterol >200 mg/dL Fasting total cholesterol, HDL, LDL, triglycerides
Hypertension SBP >95% for sex, age, height Serial testing, urinalysis, electrolytes, blood urea nitrogen, 

creatinine

ENDOCRINE
Type 2 diabetes mellitus Acanthosis nigricans, polyuria, polydipsia Fasting blood glucose >110, hemoglobin A1c, insulin 

level, C-peptide, oral glucose tolerance test
Metabolic syndrome Central adiposity, insulin resistance, dyslipidemia, 

hypertension, glucose intolerance
Fasting glucose, LDL and HDL cholesterol

Polycystic ovary syndrome Irregular menses, hirsutism, acne, insulin  
resistance, hyperandrogenemia

Pelvic ultrasound, free testosterone, LH, FSH

GASTROINTESTINAL
Gallbladder disease Abdominal pain, vomiting, jaundice Ultrasound
Nonalcoholic fatty liver disease 

(NAFLD)
Hepatomegaly, abdominal pain, dependent 

edema, ↑ transaminases
Can progress to fibrosis, cirrhosis

AST, ALT, ultrasound, CT, or MRI

NEUROLOGIC
Pseudotumor cerebri Headaches, vision changes, papilledema Cerebrospinal fluid opening pressure, CT, MRI
Migraines Hemicrania, headaches None

ORTHOPEDIC
Blount disease (tibia vara) Severe bowing of tibia, knee pain, limp Knee radiographs
Musculoskeletal problems Back pain, joint pain, frequent strains or sprains, 

limp, hip pain, groin pain, leg bowing
Radiographs

Slipped capital femoral epiphysis Hip pain, knee pain, limp, decreased mobility of hip Hip radiographs

PSYCHOLOGIC
Behavioral complications Anxiety, depression, low self-esteem, disordered 

eating, signs of depression, worsening school 
performance, social isolation, problems with 
bullying or being bullied

Child Behavior Checklist, Children’s Depression Inventory, 
Peds QL, Eating Disorder Inventory 2, subjective ratings 
of stress and depression, Behavior Assessment System 
for Children, Pediatric Symptom Checklist

PULMONARY
Asthma Shortness of breath, wheezing, coughing,  

exercise intolerance
Pulmonary function tests, peak flow

Obstructive sleep apnea Snoring, apnea, restless sleep, behavioral  
problems

Polysomnography, hypoxia, electrolytes (respiratory 
acidosis with metabolic alkalosis)

ALT, Alanine transaminase; AST, aspartate transaminase; CT, computed tomography; FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
LH, luteinizing hormone; MRI, magnetic resonance imaging; Peds QL, Pediatric Quality of Life Inventory; SBP, systolic blood pressure.
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A teen gains substantial weight after starting a psychiatric medication. Which listed agent is
particularly associated with weight gain?

A. Olanzapine

B. Amoxicillin

C. Topical mupirocin

D. Inhaled saline

E. Oral rehydration solution
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Initial assessment of the overweight or obese child includes a com-
plete review of bodily systems, focusing on the possibility of comorbid 
conditions (see Table 65.2). Developmental delay and visual and hear-
ing impairment can be associated with genetic disorders. Difficulty 
sleeping, snoring, or daytime sleepiness suggests sleep apnea. Abdomi-
nal pain might suggest NAFLD. Symptoms of polyuria, nocturia, or 
polydipsia may be the result of type 2 diabetes. Hip or knee pain can 
be caused by secondary orthopedic problems, including Blount disease 
and slipped capital femoral epiphysis. Irregular menses may be associ-
ated with polycystic ovary syndrome. Acanthosis nigricans can suggest 
insulin resistance and type 2 diabetes (Fig. 65.4).

The family history begins with identifying other obese family 
members. Parental obesity is an important risk for child obesity. If 
all family members are obese, focusing the intervention on the entire 
family is reasonable. The child may be at increased risk for develop-
ing type 2 diabetes if a family history exists. Identification of a family 
history of hypertension, CV disease, or metabolic syndrome indicates 
increased risk for developing these obesity-associated conditions. If 
the clinician helps the family to understand that childhood obesity 
increases the risk for developing these chronic diseases, this educa-
tional intervention might serve as motivation to improve their nutri-
tion and PA.

Physical examination should be thorough, focusing on possible 
comorbidities (see Table 65.2). Careful screening for hypertension 
using an appropriately sized blood pressure cuff is important. Sys-
tematic examination of the skin can reveal acanthosis nigricans, 
suggesting insulin resistance, or hirsutism, suggesting polycystic 
ovary syndrome. Tanner staging can reveal premature adrenarche 
secondary to advanced sexual maturation in overweight and obese 
females.

Laboratory testing for fasting plasma glucose, triglycerides, low-
density lipoprotein and high-density lipoprotein cholesterol, and liver 

function tests are recommended as part of the initial evaluation for 
newly identified pediatric obesity (Table 65.4). Overweight children 
(BMI 85th-95th percentile) who have a family history of diabetes mel-
litus or signs of insulin resistance should also be evaluated with a fast-
ing plasma glucose test. Other laboratory testing should be guided by 
history or physical examination findings. Figure 65.5 provides a rec-
ommended approach to categorization, evaluation, and treatment. 

INTERVENTION
Evidence shows that some interventions result in modest but significant 
and sustained improvement in body mass. Based on behavior change 
theories (see Chapter 18), treatment includes specifying target behaviors, 
self-monitoring, goal setting, stimulus control, and promotion of self-
efficacy and self-management skills. Behavior changes associated with 
improving BMI include drinking lower quantities of sugar-sweetened 
beverages, consuming higher-quality diets, increasing exercise, decreas-
ing screen time, and self-weighing. Most successful interventions have 
been family based and consider the child’s developmental age. “Parent-
only” treatment may be as effective as “parent–child” treatment. Because 
obesity is multifactorial, not all children and adolescents will respond to 
the same approach. For example, loss-of-control eating, associated with 
weight gain and obesity, predicts poor outcome in response to family-
based treatment. Furthermore, clinical treatment programs are expen-
sive and not widely available. Therefore interest has grown in novel 
approaches such as internet-based treatments and guided self-help.

It is important to begin with clear recommendations about appro-
priate caloric intake for the obese child (Table 65.5). Working with a 
dietitian is essential. Meals should be based on fruits, vegetables, whole 
grains, lean meat, fish, and poultry. Prepared foods should be chosen 
for their nutritional value, with attention to calories and fat. Foods that 
provide excessive calories and low nutritional value should be reserved 
for infrequent treats. The World Health Organization recommends 
avoiding artificial sweeteners (aspartame, sucralose, stevia).

Weight reduction diets in adults generally do not lead to sustained 
weight loss. Therefore the focus should be on changes that can be main-
tained for life. Attention to eating patterns is helpful. Families should 
be encouraged to plan family meals, including breakfast. It is almost 
impossible for a child to make changes in nutritional intake and eat-
ing patterns if other family members do not make the same changes. 

Table 65.3     Medications Associated with Obesity

Prednisone and other glucocorticoids
Thioridazine
Olanzapine
Clozapine
Quetiapine
Risperidone
Lithium
Amitriptyline and other tricyclic antidepressants
Paroxetine
Valproate
Carbamazepine
Gabapentin
Cyproheptadine
Propranolol and other β blockers

Fig. 65.4  Acanthosis nigricans. From Gahagan S. Child and adoles-
cent obesity. Curr Probl Pediatr Adolesc Health Care. 2004;34:6–43.

Table 65.4    � Normal Laboratory Values for  
Recommended Tests

LABORATORY TEST NORMAL VALUE

Glucose <110 mg/dL

Insulin <15 mU/L

Hemoglobin A1c <5.7%

AST (age 2-8 yr) <58 U/L

AST (age 9-15 yr) <46 U/L

AST (age 15-18 yr) <35 U/L

ALT <35 U/L

Total cholesterol <170 mg/dL

LDL <110 mg/dL

HDL >45 mg/dL

Triglycerides (age 0-9 yr) <75 mg/dL

Triglycerides (age 10-19 yr) <90 mg/dL

AST, Aspartate transaminase; ALT, alanine transaminase; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein.

From Children’s Hospital of Wisconsin. The NEW (nutrition, exercise and weight 
management) kids program. http://www.chw.org/display/displayFile.asp?docid=33672&
filename=/Groups/NEWKids/NewKidsReferral.PDF.
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Parents offer dessert every time their child eats vegetables. Which guidance in the table would
improve the long-term mealtime approach?

A. Do not use food as a reward; model and repeatedly offer varied healthy foods

B. Punish refusal to eat during meals

C. Remove all exposure to disliked foods

D. Make every meal a negotiation for dessert

E. Avoid eating with the child
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Table 65.9    	  Anticipatory Guidance: Establishing Healthy Eating Habits in Children

Do not punish a child during mealtimes with regard to eating. The 
emotional atmosphere of a meal is very important. Interactions 
during meals should be pleasant and happy.

Do not use foods as rewards.
Parents, siblings, and peers should model healthy eating, tasting 

new foods, and eating a well-balanced meal.
Children should be exposed to a wide range of foods, tastes, and 

textures.
New foods should be offered multiple times. Repeated exposure 

leads to acceptance and liking.

Forcing a child to eat a certain food will decrease the child’s 
preference for that food. Children’s wariness of new foods is 
normal and should be expected. Offering a variety of foods with 
low-energy density helps children balance energy intake.

Parents should control what foods are in the home. Restricting 
access to foods in the home will increase rather than decrease a 
child’s desire for that food.

Children tend to be more aware of satiety than adults, so allow 
children to respond to satiety and stop eating. Do not force 
children to “clean their plate.”

Adapted from Benton D. Role of parents in the determination of food preferences of children and the development of obesity. Int J Obes Relat Metab Disord. 2004;28:858–869.

marketing and changes, support services, and evidence-based prac-
tices. Community-wide programs are important because neighbor-
hood environmental factors (e.g., poverty) have been associated with 
obesity in its residents. There is considerable interest in focusing these 
efforts early in the life cycle. Beginning obesity prevention during 

pregnancy and engaging health systems, early childhood programs, 
and community systems to support healthier life cycles is an approach 
with great promise.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 65.8     Proposed Suggestions for Preventing Obesity

PREGNANCY
Normalize body mass index (BMI) before pregnancy.
Do not smoke.
Maintain moderate exercise as tolerated.
In women with gestational diabetes, provide meticulous glucose 

control.
Monitor gestational weight gain within Institute of Medicine (IOM) 

recommendations.

POSTPARTUM AND INFANCY
Breastfeeding: exclusive for 4-6 mo; continue with other foods for 12 

mo.
Postpone introduction of baby foods to 4-6 mo and juices to 12 mo.

FAMILIES
Eat meals as a family in a fixed place and time.
Do not skip meals, especially breakfast.
Do not allow television during meals.
Use small plates and keep serving dishes away from the table.
Avoid unnecessary sweet or fatty foods and sugar-sweetened 

drinks.
Remove televisions from children’s bedrooms; restrict times for TV 

viewing and video games.
Do not use food as a reward.

SCHOOLS
Eliminate candy and cookie sales as fundraisers.
Review the contents of vending machines and replace with healthier 

choices; eliminate sodas.
Avoid financial support for sports teams from beverage and food 

industries.
Install water fountains and hydration stations.
Educate teachers, especially physical education and science  

faculty, about basic nutrition and the benefits of physical  
activity (PA).

Educate children from preschool through high school on appropriate 
diet and lifestyle.

Mandate minimum standards for physical education, including 60 min 
of strenuous exercise 5 times weekly.

Encourage “the walking school bus”: groups of children walking to 
school with adult supervision.

COMMUNITIES
Increase family-friendly exercise and safe play facilities for children 

of all ages.
Develop more mixed residential-commercial developments for 

walkable and bicyclable communities.
Discourage the use of elevators and moving walkways.
Provide information on how to shop and prepare healthier versions of 

culture-specific foods.

HEALTHCARE PROVIDERS
Explain the biologic and genetic contributions to obesity.
Give age-appropriate expectations for body weight in children.
Work toward classifying obesity as a disease to promote recognition, 

reimbursement for care, and willingness and ability to provide treatment.

INDUSTRY
Mandate age-appropriate nutrition labeling for products aimed at 

children (e.g., “red light/green light” foods, with portion sizes).
Encourage marketing of interactive video games in which children 

must exercise to play.
Use celebrity advertising directed at children for healthful foods to 

promote breakfast and regular meals.
Reduce portion size (drinks and meals).

GOVERNMENT AND REGULATORY AGENCIES
Classify childhood obesity as a legitimate disease.
Find novel ways to fund healthy lifestyle programs (e.g., with revenues 

from food and drink taxes).
Subsidize government-sponsored programs to promote the 

consumption of fresh fruits and vegetables.
Provide financial incentives to the industry to develop more healthful 

products and to educate the consumer on product content.
Provide financial incentives to schools that initiate innovative PA and 

nutrition programs.
Allow tax deductions for the cost of weight loss and exercise programs.
Provide urban planners with funding to establish bicycle, jogging, and 

walking paths.
Ban advertising of fast foods, non-nutritious foods, and sugar-

sweetened beverages directed at preschool children, and restrict 
advertising to school-aged children.

Ban toys as gifts to children for purchasing fast foods.

Adapted from Speiser PW, Rudolf MCJ, Anhalt H, et al. Consensus statement: Childhood obesity. J Clin Endocrinol Metab. 2005;90:1871–1887.
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A child with fat malabsorption develops night blindness and Bitot spots. Which fat-soluble
nutrient deficiency fits the table?

A. Vitamin A

B. Vitamin C

C. Thiamine

D. Folate

E. Biotin
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loss of epithelial integrity can result in pyuria and hematuria. In 
the skin, vitamin A deficiency manifests as dry, scaly, hyperkera-
totic patches, typically on the arms, legs, shoulders, and buttocks. 
The combination of defective epithelial barriers to infection, low 
immune response, and lowered response to inflammatory stress, 
all from insufficient vitamin A, can cause poor growth and serious 
health problems in children.

The most characteristic and specific signs of vitamin A deficiency 
are eye lesions, but these may manifest rather late in the progression 
of vitamin A deficiency, develop insidiously, and rarely occur before 
age 2 years. An earlier symptom of vitamin A deficiency is delayed 

dark adaptation as a result of reduced resynthesis of rhodopsin; 
this may progress to night blindness. Photophobia is a common 
symptom. The RPE, one of the structural elements of the retina, 
undergoes keratinization. When the RPE degenerates, the rods and  
cones have no support and eventually break down, resulting in 
blindness.

As vitamin A deficiency progresses, the corneal and conjunctival 
epithelial tissues of the eye become severely altered because of a lack 
of sufficient RA for normal epithelial cell differentiation. The cor-
nea protects the eye from the environment and is also important in 
light refraction. Stages in vitamin A deficiency include corneal kera-
tinization and opacity, susceptibility to infection, and formation of 
dry, scaly layers of cells (xerophthalmia) (Figs. 66.3 and 66.4). The 
conjunctival membrane undergoes keratinization and may develop 
foamy-appearing plaques (Bitôt spots; Fig. 66.5). When lympho-
cytes infiltrate the cornea in later stages of infection, it degenerates 
irreversibly (keratomalacia and corneal ulceration), resulting in 
irreversible blindness. These eye lesions are primarily diseases of 
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Fig. 66.2  Distribution of serum retinol concentrations in U.S. children 
and adults by age and sex in the National Health and Nutrition Exami-
nation Survey (NHANES).

Fig. 66.3  Advanced xerophthalmia with an opaque, dull cornea and 
some damage to the iris in a 1-yr-old boy. (From Oomen HAPC. Vitamin 
A deficiency, xerophthalmia and blindness. Nutr Rev. 1974;6:161–166.)

Table 66.1    � Vitamin A Characteristics

NAMES AND 
SYNONYMS CHARACTERISTICS

BIOCHEMICAL 
ACTION

EFFECTS OF  
DEFICIENCY

EFFECTS OF 
EXCESS SOURCES

Retinol (vitamin A1); 
1 μg retinol = 3.3 IU 
vitamin A = 1 RAE

Provitamins A: the 
plant pigments α-, 
β-, and γ-carotenes 
and cryptoxanthin 
have partial retinol 
activity: 12 μg β-
carotene, or 24 μg 
other provitamin A 
carotenoids = 1 μg 
retinol

Fat-soluble; heat-
stable; destroyed by 
oxidation, drying

Bile necessary for 
absorption

Stored in liver
Protected by 

vitamin E

In vision, as retinal, 
for synthesis of the 
visual pigments  
rhodopsin and 
iodopsin

In growth, reproduction,  
embryonic and fetal 
development, bone 
growth, immune and 
epithelial functions,  
via retinoic acid as 
a ligand for specific 
nuclear transcription 
factors, regulating 
genes involved in 
many fundamental 
cellular processes

Nyctalopia
Photophobia,  

xerophthalmia, Bitôt 
spots, conjunctivitis,  
keratomalacia leading  
to blindness

Faulty epiphyseal 
bone formation

Defective tooth 
enamel

Keratinization of 
mucous membranes 
and skin

Stunted growth
Impaired resistance 

to infection, anemia, 
reproductive failure, 
fetal abnormalities

Anorexia, slow 
growth, drying and 
cracking of skin, 
enlargement of 
liver and spleen, 
swelling and pain of 
long bones, bone 
fragility, increased 
intracranial pressure, 
alopecia, carotenemia

Fetal abnormalities

Liver, fish liver oils
Dairy products,  

except skim milk
Egg yolk, fortified 

margarine, fortified 
skim milk

Carotenoids from 
plants: green  
vegetables, yellow 
fruits, and vegetables

RAE, Retinol activity equivalent.
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A child develops recurrent encephalopathic episodes with dystonia and ataxia. A defect in
thiamine transport/metabolism is suspected. Which gene listed in the diagnostic-criteria table
is associated with such acute episodes?

A. SLC19A3

B. FMR1

C. CFTR

D. DMD

E. HBB
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Table 67.3    � Suggested Criteria for the Diagnosis of  
Inherited Thiamine Defects with Prominent 
Neurologic Involvement

REQUIRED
	1.	� Clinical criteria
	 a.	� SLCI9A3: Acute or recurrent episodes of encephalopathy 

(decreased consciousness, irritability) with two or more of the 
following: (a) dystonia, (b) hypotonia, (c) bulbar dysfunction, (d) 
ataxia, and (e) seizures. Of note, 16% of patients may have an 
insidious onset of symptoms (psychomotor regression, clumsy 
or abnormal gait, and stiff limbs).

	 b.	� SLC25AI9: Acute or recurrent episodes of encephalopathy with 
(a) progressive peripheral neuropathy or (b) severe congenital 
microcephaly with brain malformations.

	 c.	� TPK1: Acute or recurrent episodes of encephalopathy, with 
two or more of the following: (a) dystonia, (b) hypotonia, (c) 
ataxia, (d) seizures, and (e) developmental delay. Of note, 
some patients may have a nonepisodic early-onset global 
developmental delay.

	2.	� Biochemical criteria
	 a.	� Normal total thiamine blood levels
	 b.	� Low free-thiamine in CSF and/or fibroblasts (SLC19A3)
	 c.	� Low TPP in blood, muscle, and/or fibroblasts (TPK1)
	 d.	� High excretion of alpha-ketoglutaric acid in urine (common in 

TPK1 and SLC25A19, rare in SLC19A3)
	3.	� Radiologic criteria
	 a.	� MRI pattern compatible with Leigh syndrome (SLC19A3, 

SLC25A19, TPK1) or Wernicke encephalopathy (SLC19A3)
	 i.	� SLC19A3: Symmetric T2W hyperintensity of caudate,  

putamen, cortico/subcortical areas, and/or ventromedial 
thalamus. No involvement of mammillary bodies. Diffuse 
T2W hyperintensity of brain white matter (single adult 
patient reported).

	 ii.	� SLC25A19: Symmetric T2W hyperintensity in the caudate 
and putamen.

	 iii.	� TPK1: Symmetric T2W hyperintensity in basal ganglia and 
cerebellum (dentate nuclei).

	4.	� Therapeutic criteria
	 a.	� Clinical improvement after thiamine supplementation

SUPPORTIVE
	1.	� Consanguinity
	2.	� Trigger event (e.g., infection, vaccination, trauma, intense physical 

activity)
	3.	� Absence of predisposing factors of beriberi or Wernicke 

encephalopathy
	4.	� Absence of systemic features of mitochondrial disease 

(cardiomyopathy, arrhythmia/conduction defects, renal 
tubulopathy, or dysmorphic features)

	5.	� Increased lactate in blood and/or CSF or presence of a lactate 
peak on MRS

	6.	� Normal OXPHOS and PDHc activity in muscle and fibroblast

CSF, Cerebrospinal fluid; MRI, magnetic resonance imaging; OXPHOS, oxidative 
phosphorylation: PDHc, pyruvate dehydrogenase complex; MRS, magnetic 
resonance spectroscopy; TPP, thiamine pyrophosphate; T2W, T2-weighted.

From Marcé-Grau A, Martí-Sánchez L, Baide-Mairena H, Ortigoza-Escobar JD, Pérez-
Dueñas B. Genetic defects of thiamine transport and metabolism: A review of clinical 
phenotypes, genetics, and functional studies. J Inherit Metab Dis. 2019;42(4):581–597, 
Table 3, p. 586.

Clinical Manifestations
Thiamine deficiency can develop within 2-3 months of a deficient 
intake. Early symptoms of thiamine deficiency are nonspecific, such 
as fatigue, apathy, irritability, depression, drowsiness, poor mental 
concentration, anorexia, nausea, and abdominal discomfort. As 
the condition progresses, more specific manifestations of beriberi 
develop, such as peripheral neuritis (manifesting as tingling, burn-
ing, and paresthesias of the toes and feet), decreased deep tendon 
reflexes, loss of vibration sense, tenderness and cramping of the leg 
muscles, heart failure, and psychologic disturbances. Patients can 
have ptosis of the eyelids and atrophy of the optic nerve. Hoarseness 
or aphonia caused by paralysis of the laryngeal nerve is a character-
istic sign. Muscle atrophy and tenderness of the nerve trunks are 
followed by ataxia, loss of coordination, and loss of deep sensation. 
Later signs include increased intracranial pressure, meningismus, 
and coma. The clinical picture of nutritional thiamine deficiency 
is usually divided into a dry (neuritic) type and a wet (cardiac) 
type. The disease is wet or dry depending on the amount of fluid 
that accumulates in the body because of cardiac and renal dysfunc-
tion, even though the exact cause for this edema is unknown. Many 
cases of thiamine deficiency show a mixture of both features and 
are more properly termed thiamine deficiency with cardiopathy 
and peripheral neuropathy. A fulminant form of beriberi (Shoshin 
beriberi) manifesting acutely with severe metabolic acidosis, hypo-
tension, and cardiogenic shock has also been described.

The classic clinical triad of Wernicke encephalopathy—men-
tal status changes, ocular signs, and ataxia—is rarely reported in 
infants and young children with severe deficiency secondary to 
malignancies or feeding of defective formula. An epidemic of life-
threatening thiamine deficiency was seen in infants fed a defective 
soy-based formula that had undetectable thiamine levels. Manifes-
tations included emesis, lethargy, restlessness, ophthalmoplegia, 
abdominal distention, developmental delay, failure to thrive (mal-
nutrition), lactic acidosis, nystagmus, diarrhea, apnea, seizures, 
and auditory neuropathy. An acute presentation with tachycardia, 
aphonia/hoarse cry, pulmonary hypertension, and severe metabolic 
acidosis responding to parenteral thiamine has been reported in 
infants of mothers consuming polished and frequently washed rice.

Death from nutritional thiamine deficiency usually is secondary 
to cardiac involvement. The initial signs are cyanosis and dyspnea, 
but tachycardia, enlargement of the liver, loss of consciousness, 
and convulsions can develop rapidly. The heart, especially the right 
side, is enlarged. The electrocardiogram (ECG) shows an increased 
QT interval, inverted T waves, and low voltage. These changes, as 
well as the cardiomegaly, rapidly revert to normal with treatment, 
but without prompt treatment, cardiac failure can develop rapidly 
and result in death. In fatal cases of beriberi, lesions are principally 
located in the heart, peripheral nerves, subcutaneous tissue, and 
serous cavities. The heart is dilated, and fatty degeneration of the 
myocardium is common. Generalized edema or edema of the legs, 
serous effusions, and venous engorgement are often present. Degen-
eration of myelin and axon cylinders of the peripheral nerves, with 
Wallerian degeneration beginning in the distal locations, is also 
common, particularly in the lower extremities. Lesions in the brain 
include vascular dilation and hemorrhage. 

Diagnosis
The diagnosis is often suspected based on clinical setting and com-
patible symptoms. A high index of suspicion in children present-
ing with unexplained cardiac failure may sometimes be lifesaving. 
Objective biochemical tests of thiamine status include measure-
ment of erythrocyte transketolase activity and the thiamine pyro-
phosphate effect. The biochemical diagnostic criteria of thiamine 
deficiency consist of low erythrocyte transketolase activity and high 
thiamine pyrophosphate effect (normal range: 0–14%). Urinary 
excretion of thiamine or its metabolites (thiazole or pyrimidine) 

after an oral loading dose of thiamine may also be measured to help 
identify the deficiency state. A diagnostic approach to genetic thia-
mine deficiencies is noted in Table 67.3. MRI changes of nutritional 
and genetic thiamine deficiency in infants are characterized by 
bilateral symmetric hyperintensities of the basal ganglia and frontal 
lobe, in addition to the lesions in the mammillary bodies, periaque-
ductal region, and thalami described in adults (Fig. 67.1). 
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A child with chronic intestinal malabsorption develops rickets despite adequate sun exposure.
Under which etiologic category does the table place this mechanism?

A. Secondary vitamin D deficiency due to malabsorption

B. Isolated phosphate excess

C. Primary copper deficiency

D. Purely traumatic bone disease

E. Vitamin A excess

Original table 69.2  |  Nelson printed p. 3  |  PDF p. 518

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 23

Table 69.3    � Clinical Features of Rickets

GENERAL
Failure to thrive (malnutrition)
Listlessness
Protruding abdomen
Muscle weakness (especially proximal)
Hypocalcemic dilated cardiomyopathy
Fractures (pathologic, minimal trauma)
Increased intracranial pressure

HEAD
Craniotabes
Frontal bossing
Delayed fontanel closure (usually closed by 2 yr)
Delayed dentition

No incisors by age 10 mo
No molars by age 18 mo

Caries
Craniosynostosis

CHEST
Rachitic rosary
Harrison groove
Respiratory infections and atelectasis*

BACK
Scoliosis
Kyphosis
Lordosis

EXTREMITIES
Enlargement of wrists and ankles
Valgus or varus deformities
Windswept deformity (valgus deformity of one leg with varus  

deformity of other leg)
Anterior bowing of tibia and femur
Coxa vara
Leg pain

HYPOCALCEMIC SYMPTOMS†

Tetany
Seizures
Stridor caused by laryngeal spasm

*These features are most frequently associated with the vitamin D deficiency disorders.
†These symptoms develop only in children with disorders that produce hypocalcemia (see 

Table 69.4).

Table 69.1    � Physical and Metabolic Properties and Food Sources of Vitamins D, E, and K

NAMES AND  
SYNONYMS CHARACTERISTICS

BIOCHEMICAL  
ACTION

EFFECTS OF  
DEFICIENCY

EFFECTS OF  
EXCESS SOURCES

VITAMIN D
Vitamin D3 

(3-cholecalciferol), which 
is synthesized in the 
skin, and vitamin D2 
(from plants or yeast) are 
biologically equivalent; 
1 μg = 40 IU vitamin D

Fat-soluble, stable 
to heat, acid, alkali, 
and oxidation; 
bile necessary for 
absorption;  
hydroxylation in 
the liver and kidney 
necessary for biologic 
activity

Necessary for GI 
absorption of  
calcium; also  
increases absorption 
of phosphate; direct 
actions on bone, 
including mediating 
resorption

Rickets in growing 
children; 
osteomalacia; 
hypocalcemia can 
cause tetany and 
seizures

Hypercalcemia,  
which can cause 
emesis, anorexia, 
pancreatitis,  
hypertension,  
arrhythmias, CNS 
effects, polyuria,  
nephrolithiasis, renal 
failure

Exposure to 
sunlight (UV light); 
fish oils, fatty fish, 
egg yolks, and 
vitamin D–fortified 
formula, milk, 
cereals, bread

VITAMIN E
Group of related 

compounds with 
similar biologic 
activities; α-tocopherol 
is the most potent and 
most common form

Fat-soluble; readily 
oxidized by oxygen, 
iron, rancid fats; bile 
acids necessary for 
absorption

Antioxidant; 
protection of cell 
membranes from 
lipid peroxidation 
and formation of 
free radicals

Red cell hemolysis in 
premature infants; 
posterior column 
and cerebellar  
dysfunction;  
pigmentary  
retinopathy

Unknown Vegetable oils, 
seeds, nuts, green 
leafy vegetables, 
margarine

VITAMIN K
Group of 

naphthoquinones 
with similar biologic 
activities; K1 
(phylloquinone) 
from diet; K2 
(menaquinones) from 
intestinal bacteria

Natural compounds 
are fat-soluble; 
stable to heat and 
reducing agents; 
labile to oxidizing 
agent, strong acids, 
alkali, light; bile 
salts necessary for 
intestinal absorption

Vitamin K–dependent 
proteins include 
coagulation factors 
II, VII, IX, and X; 
proteins C, S, Z; 
matrix Gla protein, 
osteocalcin

Hemorrhagic  
manifestations; 
long-term bone 
and vascular health

Not established; 
analogs (no longer 
used) caused  
hemolytic  
anemia, jaundice, 
kernicterus, death

Green leafy 
vegetables, liver, 
certain legumes 
and plant oils; 
widely distributed

CNS, Central nervous system; GI, gastrointestinal; UV, ultraviolet.

Table 69.2    � Causes of Rickets

VITAMIN D DISORDERS
Nutritional vitamin D deficiency
Congenital vitamin D deficiency
Secondary vitamin D deficiency
Malabsorption
Increased degradation
Decreased liver 25-hydroxylase
Vitamin D–dependent rickets types 1A and 1B
Vitamin D–dependent rickets types 2A and 2B
Chronic kidney disease

CALCIUM DEFICIENCY

Low intake
Diet
Premature infants (rickets of prematurity)
Malabsorption
Primary disease
Dietary inhibitors of calcium absorption

PHOSPHORUS DEFICIENCY
Inadequate intake
Premature infants (rickets of prematurity)
Aluminum-containing antacids

RENAL LOSSES

X-linked hypophosphatemic rickets*
Autosomal dominant hypophosphatemic rickets*
Autosomal recessive hypophosphatemic rickets types 1, 2, and 3*
Hereditary hypophosphatemic rickets with hypercalciuria
Hypophosphatemic rickets with nephrolithiasis and osteoporosis 

types 1 and 2
Overproduction of fibroblast growth factor-23
Tumor-induced rickets*
McCune-Albright syndrome*
Epidermal nevus syndrome (cutaneous skeletal hypophosphatemia 

syndrome)*
Neurofibromatosis*
Fanconi syndrome
Dent disease
Distal renal tubular acidosis

*Disorders secondary to excess fibroblast growth factor-23.
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An infant has widening at the costochondral junctions and frontal bossing. Which clinical sign
in the table names the chest finding?

A. Rachitic rosary

B. Pectus carinatum

C. Stridor

D. Wheeze

E. Clubbing

Original table 69.3  |  Nelson printed p. 3  |  PDF p. 518

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 24

Table 69.3    � Clinical Features of Rickets

GENERAL
Failure to thrive (malnutrition)
Listlessness
Protruding abdomen
Muscle weakness (especially proximal)
Hypocalcemic dilated cardiomyopathy
Fractures (pathologic, minimal trauma)
Increased intracranial pressure

HEAD
Craniotabes
Frontal bossing
Delayed fontanel closure (usually closed by 2 yr)
Delayed dentition

No incisors by age 10 mo
No molars by age 18 mo

Caries
Craniosynostosis

CHEST
Rachitic rosary
Harrison groove
Respiratory infections and atelectasis*

BACK
Scoliosis
Kyphosis
Lordosis

EXTREMITIES
Enlargement of wrists and ankles
Valgus or varus deformities
Windswept deformity (valgus deformity of one leg with varus  

deformity of other leg)
Anterior bowing of tibia and femur
Coxa vara
Leg pain

HYPOCALCEMIC SYMPTOMS†

Tetany
Seizures
Stridor caused by laryngeal spasm

*These features are most frequently associated with the vitamin D deficiency disorders.
†These symptoms develop only in children with disorders that produce hypocalcemia (see 

Table 69.4).

Table 69.1    � Physical and Metabolic Properties and Food Sources of Vitamins D, E, and K

NAMES AND  
SYNONYMS CHARACTERISTICS

BIOCHEMICAL  
ACTION

EFFECTS OF  
DEFICIENCY

EFFECTS OF  
EXCESS SOURCES

VITAMIN D
Vitamin D3 

(3-cholecalciferol), which 
is synthesized in the 
skin, and vitamin D2 
(from plants or yeast) are 
biologically equivalent; 
1 μg = 40 IU vitamin D

Fat-soluble, stable 
to heat, acid, alkali, 
and oxidation; 
bile necessary for 
absorption;  
hydroxylation in 
the liver and kidney 
necessary for biologic 
activity

Necessary for GI 
absorption of  
calcium; also  
increases absorption 
of phosphate; direct 
actions on bone, 
including mediating 
resorption

Rickets in growing 
children; 
osteomalacia; 
hypocalcemia can 
cause tetany and 
seizures

Hypercalcemia,  
which can cause 
emesis, anorexia, 
pancreatitis,  
hypertension,  
arrhythmias, CNS 
effects, polyuria,  
nephrolithiasis, renal 
failure

Exposure to 
sunlight (UV light); 
fish oils, fatty fish, 
egg yolks, and 
vitamin D–fortified 
formula, milk, 
cereals, bread

VITAMIN E
Group of related 

compounds with 
similar biologic 
activities; α-tocopherol 
is the most potent and 
most common form

Fat-soluble; readily 
oxidized by oxygen, 
iron, rancid fats; bile 
acids necessary for 
absorption

Antioxidant; 
protection of cell 
membranes from 
lipid peroxidation 
and formation of 
free radicals

Red cell hemolysis in 
premature infants; 
posterior column 
and cerebellar  
dysfunction;  
pigmentary  
retinopathy

Unknown Vegetable oils, 
seeds, nuts, green 
leafy vegetables, 
margarine

VITAMIN K
Group of 

naphthoquinones 
with similar biologic 
activities; K1 
(phylloquinone) 
from diet; K2 
(menaquinones) from 
intestinal bacteria

Natural compounds 
are fat-soluble; 
stable to heat and 
reducing agents; 
labile to oxidizing 
agent, strong acids, 
alkali, light; bile 
salts necessary for 
intestinal absorption

Vitamin K–dependent 
proteins include 
coagulation factors 
II, VII, IX, and X; 
proteins C, S, Z; 
matrix Gla protein, 
osteocalcin

Hemorrhagic  
manifestations; 
long-term bone 
and vascular health

Not established; 
analogs (no longer 
used) caused  
hemolytic  
anemia, jaundice, 
kernicterus, death

Green leafy 
vegetables, liver, 
certain legumes 
and plant oils; 
widely distributed

CNS, Central nervous system; GI, gastrointestinal; UV, ultraviolet.

Table 69.2    � Causes of Rickets

VITAMIN D DISORDERS
Nutritional vitamin D deficiency
Congenital vitamin D deficiency
Secondary vitamin D deficiency
Malabsorption
Increased degradation
Decreased liver 25-hydroxylase
Vitamin D–dependent rickets types 1A and 1B
Vitamin D–dependent rickets types 2A and 2B
Chronic kidney disease

CALCIUM DEFICIENCY

Low intake
Diet
Premature infants (rickets of prematurity)
Malabsorption
Primary disease
Dietary inhibitors of calcium absorption

PHOSPHORUS DEFICIENCY
Inadequate intake
Premature infants (rickets of prematurity)
Aluminum-containing antacids

RENAL LOSSES

X-linked hypophosphatemic rickets*
Autosomal dominant hypophosphatemic rickets*
Autosomal recessive hypophosphatemic rickets types 1, 2, and 3*
Hereditary hypophosphatemic rickets with hypercalciuria
Hypophosphatemic rickets with nephrolithiasis and osteoporosis 

types 1 and 2
Overproduction of fibroblast growth factor-23
Tumor-induced rickets*
McCune-Albright syndrome*
Epidermal nevus syndrome (cutaneous skeletal hypophosphatemia 

syndrome)*
Neurofibromatosis*
Fanconi syndrome
Dent disease
Distal renal tubular acidosis

*Disorders secondary to excess fibroblast growth factor-23.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 084 / 300

84



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 25 / 30

An exclusively breastfed infant has limited sun exposure and no vitamin D supplementation.
Which nutritional-rickets risk described in the table is present?

A. Low vitamin D intake with restricted UVB exposure

B. Excess vitamin D supplementation

C. High dietary calcium intake alone

D. Frequent outdoor sunlight exposure

E. Routine iron intake

Original table 69.5  |  Nelson printed p. 474  |  PDF p. 521

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 25
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difficulties with walking, or unexplained short stature, because 
some parents may be unaware of their diagnosis. Undiagnosed dis-
ease in the mother is not unusual in X-linked hypophosphatemia. A 
history of an unexplained sibling death during infancy may be pres-
ent in the child with cystinosis, the most common cause of Fanconi 
syndrome in children.

The physical examination focuses on detecting manifestations of 
rickets (see Table 69.3). It is important to observe the child’s gait, 
auscultate the lungs to detect atelectasis or pneumonia, and plot 
the patient’s growth. Alopecia suggests vitamin D–dependent rick-
ets type 2.

The initial laboratory tests in a child with rickets should include 
serum calcium, phosphorus, alkaline phosphatase (ALP), parathy-
roid hormone (PTH), 25-hydroxyvitamin D, 1,25-dihydroxyvitamin 
D (1,25-D), creatinine, and electrolytes (see Table 69.4 for interpre-
tation). Urinalysis is useful for detecting the glycosuria seen with 
Fanconi syndrome. Evaluation of urinary excretion of calcium (24-
hour collection for calcium or calcium:creatinine ratio) is helpful if 
hereditary hypophosphatemic rickets with hypercalciuria or Dent 
disease is suspected. Direct measurement of other fat-soluble vita-
mins (A, E, and K) or indirect assessment of deficiency (prothrom-
bin time for vitamin K deficiency) is appropriate if malabsorption 
is a consideration. 

VITAMIN D DISORDERS
Vitamin D Physiology
Vitamin D can be synthesized in skin epithelial cells and therefore 
technically is not a vitamin. Cutaneous synthesis is normally the 
most important source of vitamin D and depends on the conversion 
of 7-dehydrocholesterol to vitamin D3 (3-cholecalciferol) by ultravio-
let B (UVB) radiation from the sun. The efficiency of this process is 
decreased by melanin; therefore more sun exposure is necessary for 

vitamin D synthesis in people with increased skin pigmentation. Mea-
sures to decrease sun exposure, such as covering the skin with cloth-
ing or applying sunscreen, also decrease vitamin D synthesis. Children 
who spend less time outside have reduced vitamin D synthesis. The 
winter sun away from the equator is ineffective at stimulating vitamin 
D synthesis.

There are few natural dietary sources of vitamin D. Fish liver oils 
have a high vitamin D content. Other good dietary sources include 
fatty fish and egg yolks. Most children in industrialized countries 
receive vitamin D via fortified foods, especially formula and milk 
(both of which contain 400 IU/L) and some breakfast cereals and 
breads. Supplemental vitamin D may be vitamin D2 (which comes 
from plants or yeast) or vitamin D3. Breast milk has a low vitamin D 
content, approximately 12-60 IU/L.

Vitamin D is transported bound to vitamin D–binding pro-
tein to the liver, where 25-hydroxlase converts vitamin D into 
25-hydroxyvitamin D (25-D), the most abundant circulating form 
of vitamin D. Because there is little regulation of this liver hydrox-
ylation step, measurement of 25-D is the standard method for 
determining a patient’s vitamin D status. The final step in activa-
tion occurs in the kidney, where the enzyme 1α-hydroxylase adds 
a second hydroxyl group, resulting in 1,25-D. The 1α-hydroxylase 
is upregulated by PTH and hypophosphatemia and inhibited by 
hyperphosphatemia and 1,25-D. Most 1,25-D circulates bound to 
vitamin D–binding protein.

1,25-Dihydroxyvitamin D acts by binding to an intracellular 
receptor, and the complex affects gene expression by interact-
ing with vitamin D response elements. In the intestine, this bind-
ing results in a marked increase in calcium absorption, which is 
highly dependent on 1,25-D. There is also an increase in phos-
phorus absorption, but this effect is less significant because most 
dietary phosphorus absorption is vitamin D independent. 1,25-D 
also has direct effects on bone, including mediating resorption. 
1,25-D directly suppresses PTH secretion by the parathyroid gland, 
thus completing a negative feedback loop. PTH secretion is also 
suppressed by the increase in serum calcium mediated by 1,25-D. 
1,25-D inhibits its own synthesis in the kidney and increases the 
synthesis of inactive metabolites. 

Nutritional Vitamin D Deficiency
Vitamin D deficiency remains the most common cause of rickets glob-
ally and even occurs in industrialized countries. Because vitamin D can 
be obtained from dietary sources or from cutaneous synthesis, most 
patients in industrialized countries have a combination of risk factors 
that lead to vitamin D deficiency.

Etiology
Vitamin D deficiency most frequently occurs in infancy because of 
a combination of poor intake and inadequate cutaneous synthesis. 
Transplacental transport of vitamin D, mostly 25-D, typically pro-
vides enough vitamin D for the first or second months of life unless 
there is severe maternal vitamin D deficiency. Infants who receive 
formula receive adequate vitamin D, even without cutaneous syn-
thesis. Because of the low vitamin D content of breast milk, breast-
fed infants rely on cutaneous synthesis or vitamin supplements. 
Cutaneous synthesis can be limited because of the ineffectiveness 
of the winter sun in stimulating vitamin D synthesis; avoidance of 
sunlight because of concerns about cancer, neighborhood safety, or 
cultural practices; and decreased cutaneous synthesis because of 
increased skin pigmentation.

The effect of skin pigmentation explains why most cases of nutri-
tional rickets in the United States and Northern Europe occur in 
breastfed children of African descent or other dark-pigmented 
populations. The additional impact of the winter sun is supported 
by such infants more often presenting in the late winter or spring. 
In some groups, complete covering of infants or the practice of not 
taking infants outside has a significant role, explaining the occur-
rence of rickets in infants living in areas of abundant sunshine, 
such as the Middle East. Because the mothers of some infants can 

Table 69.5    � Risk Factors for Nutritional Rickets and  
Osteomalacia and Their Prevention

MATERNAL FACTORS
Vitamin D deficiency

Dark skin pigmentation
Full body clothing cover
High latitude during winter/spring season
Other causes of restricted sun (UVB) exposure (e.g., predominant 

indoor living, disability, pollution, cloud cover)
Low–vitamin D diet

Low-calcium diet
Poverty, malnutrition, special diets

INFANT/CHILDHOOD FACTORS
Neonatal vitamin D deficiency secondary to maternal deficiency/

vitamin D deficiency
Lack of infant supplementation with vitamin D
Prolonged breastfeeding without appropriate complementary 

feeding from 6 mo
High latitude during winter/spring season
Dark skin pigmentation and/or restricted sun (UVB) exposure (e.g., 

predominant indoor living, disability, pollution, cloud cover)
Avoidant restrictive food intake disorder
Low–vitamin D diet

Low-calcium diet
Poverty, malnutrition, special diets

PREVENTIVE MEASURES
Sun exposure (UVB content of sunlight depends on latitude and 

season)
Vitamin D supplementation
Strategic fortification of the habitual food supply
Normal calcium intake

Adapted from Munns CF, Shaw N, Kiely M, et al. Global consensus recommendations 
on prevention and management of nutritional rickets. J Clin Endocrinol Metab. 
2016;101:394–415, p. 401.
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An infant develops hypernatremia after being fed overly concentrated formula. Which
mechanistic category in the table best classifies the cause?

A. Excess sodium intake

B. Central diabetes insipidus

C. Renal salt wasting

D. Pseudohyponatremia

E. Primary polydipsia

Original table 73.1  |  Nelson printed p. 489  |  PDF p. 536

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 26
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of Na+. Children with SIADH or water intoxication have high urine 
Na+ concentration despite hyponatremia. This finding reinforces the 
concept of independent control systems for water and Na+, but the 2 
systems interact when pathophysiologic processes dictate, and control 
of effective intravascular volume always takes precedence over control 
of osmolality.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

73.3  Sodium
Larry A. Greenbaum

SODIUM METABOLISM
Body Content and Physiologic Function
Sodium is the dominant cation of the ECF (see Fig. 73.3), and it is 
the principal determinant of extracellular osmolality. Na+ is therefore 
necessary for the maintenance of intravascular volume. Less than 3% 
of Na+ is intracellular. More than 40% of total body Na+ is in bone; 
the remainder is in the interstitial and intravascular spaces. The low 
intracellular [Na+], approximately 10 mEq/L, is maintained by Na+,K+-
ATPase, which exchanges intracellular Na+ for extracellular K+. 

Sodium Intake
A child’s diet determines the amount of Na+ ingested—a predomi-
nantly cultural determination in older children. An occasional child 
has salt craving because of an underlying salt-wasting renal disease or 
adrenal insufficiency. Children in the United States tend to have very 
high salt intakes because their diets include a large amount of “junk” 
food or fast food. Infants receive sodium from breast milk (approxi-
mately 7 mEq/L) and formula (7-13 mEq/L, for 20 calorie/oz formula).

Sodium is readily absorbed throughout the GI tract. Mineralocorti-
coids increase sodium transport into the body, although this effect has 
limited clinical significance. The presence of glucose enhances sodium 
absorption because of the presence of a co-transport system. This is the 
rationale for including sodium and glucose in oral rehydration solu-
tions (see Chapter 387). 

Sodium Excretion
Sodium excretion occurs in stool and sweat, but the kidney regulates 
Na+ balance and is the principal site of Na+ excretion. There is some 
Na+ loss in stool, but it is minimal unless diarrhea is present. Normally, 
sweat has 5-40 mEq/L of sodium. Sweat [Na+] is increased in children 
with cystic fibrosis, aldosterone deficiency, or pseudohypoaldosteron-
ism. The higher sweat losses in these conditions may cause or contrib-
ute to Na+ depletion.

Sodium is unique among electrolytes because water balance, not 
Na+ balance, usually determines its concentration. When the [Na+] 
increases, the resultant higher plasma osmolality causes increased 
thirst and increased secretion of ADH, which leads to renal conser-
vation of water. Both these mechanisms increase the water content of 
the body, and the [Na+] returns to normal. During hyponatremia, the 
decrease in plasma osmolality stops ADH secretion, and consequent 
renal water excretion leads to an increase in the [Na+]. Even though 
water balance is usually regulated by osmolality, volume depletion 
does stimulate thirst, ADH secretion, and renal conservation of water. 
Volume depletion takes precedence over osmolality; volume depletion 
stimulates ADH secretion, even if a patient has hyponatremia.

The excretion of Na+ by the kidney is not regulated by the plasma 
osmolality. The patient’s effective plasma volume determines the amount 
of sodium in the urine. This is mediated by a variety of regulatory sys-
tems, including the renin-angiotensin-aldosterone system and intrarenal 
mechanisms. In hyponatremia or hypernatremia, the underlying patho-
physiology determines the amount of urinary Na+, not the serum [Na+]. 

HYPERNATREMIA
Hypernatremia is a [Na+] >145 mEq/L, although it is sometimes 
defined as >150 mEq/L. Mild hypernatremia is common in children, 
especially among infants with gastroenteritis. Hypernatremia in hospi-
talized patients may be iatrogenic, which is caused by inadequate water 
administration or, less often, by excessive Na+ administration. Moder-
ate or severe hypernatremia has significant morbidity because of the 
underlying disease, the effects of hypernatremia on the brain, and the 
risks of overly rapid correction.

Table 73.1    � Causes of Hypernatremia

EXCESSIVE SODIUM
Improperly mixed formula
Excess sodium bicarbonate
Ingestion of seawater or sodium chloride
Intentional salt poisoning (child abuse or fictitious disorder inflicted 

on another)
Intravenous hypertonic saline
Sodium phosphate enemas
Hyperaldosteronism

WATER DEFICIT
Nephrogenic Diabetes Insipidus
Acquired
X-linked (OMIM 304800)
Autosomal recessive (OMIM 125800)
Autosomal dominant (OMIM 125800)
Central Diabetes Insipidus
Acquired*
Autosomal recessive (OMIM 125700/600955)
Autosomal dominant (OMIM 125700)
Wolfram syndrome (OMIM 222300/604928/598500)

Hypothalamic neurogenic (essential) adipsic hypernatremia

Increased Insensible Losses
Premature infants
Radiant warmers
Phototherapy

Inadequate Intake
Ineffective breastfeeding
Child neglect or abuse
Adipsia (lack of thirst)

WATER AND SODIUM DEFICITS
Gastrointestinal Losses
Diarrhea
Emesis/nasogastric suction
Osmotic cathartics (lactulose)

Cutaneous Losses
Burns
Excessive sweating

Renal Losses
Osmotic diuretics (mannitol)
Diabetes mellitus
Chronic kidney disease (dysplasia and obstructive uropathy)
Polyuric phase of acute tubular necrosis
Postobstructive diuresis

*Acquired: central diabetes insipidus from CNS malformations, trauma, meningitis, 
tumor, infiltration, unknown.

OMIM, database number from the Online Mendelian Inheritance in Man (http://www.n
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A child with severe hyperglycemia has a low measured serum sodium but high serum
osmolality. Which category in the hyponatremia table explains this?

A. Hyperosmolar hyponatremia

B. Euvolemic hypotonic hyponatremia

C. Hypovolemic salt loss from diarrhea

D. Pseudohyponatremia from hyperproteinemia

E. SIADH

Original table 73.2  |  Nelson printed p. 492  |  PDF p. 539

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 27
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Renal Na+ loss may occur in a variety of situations. In some 
situations the urine [Na+] is >140 mEq/L; thus hyponatremia may 
occur without any fluid intake. In many cases, the urine Na+ level 
is less than the serum [Na+]; hence, the intake of hypotonic fluid 

is necessary for hyponatremia to develop. In diseases associated 
with urinary Na+ loss, the urine Na+ level is >20 mEq/L despite 
volume depletion. This may not be true if the urinary Na+ loss is 
no longer occurring, as is frequently the case if diuretics are dis-
continued. Because loop diuretics prevent generation of a maxi-
mally hypertonic renal medulla, the patient can neither maximally 
dilute nor concentrate the urine. The inability to maximally retain 
water provides some protection against severe hyponatremia. The 
patient receiving thiazide diuretics can concentrate the urine and 
is at higher risk for severe hyponatremia. Osmotic agents, such as 
glucose during diabetic ketoacidosis, cause loss of both water and 
Na+. Urea accumulates during kidney failure and then acts as an 
osmotic diuretic after relief of urinary tract obstruction and dur-
ing the polyuric phase of acute tubular necrosis. Transient tubu-
lar damage in these conditions further impairs Na+ conservation. 
The serum [Na+] in these conditions depends on [Na+] of the fluid 
used to replace the losses. Hyponatremia develops when the fluid is 
hypotonic relative to the urinary losses.

Renal salt wasting occurs in hereditary kidney diseases, such 
as juvenile nephronophthisis and autosomal recessive polycystic 
kidney disease. Obstructive uropathy, most often a result of pos-
terior urethral valves, produces salt wasting, but patients with the 
disease may also have hypernatremia as a result of impaired ability 
to concentrate urine and high-water loss. Acquired tubulointersti-
tial nephritis, usually secondary to either medications or infections, 
may cause salt wasting, along with other evidence of tubular dys-
function. CNS injury may produce cerebral salt wasting, which is 
theoretically caused by the production of a natriuretic peptide that 
causes renal salt wasting. In type II renal tubular acidosis (RTA), 
usually associated with Fanconi syndrome (see Chapter 569.1), 
there is increased excretion of Na+ and bicarbonate in the urine. 
Patients with Fanconi syndrome also have glycosuria, aminoacid-
uria, and hypophosphatemia because of renal phosphate wasting.

Aldosterone is necessary for renal Na+ retention and for the 
excretion of K+ and acid. In congenital adrenal hyperplasia caused 
by 21-hydroxylase deficiency, the block of aldosterone production 
results in hyponatremia, hyperkalemia, and metabolic acidosis. 
Decreased aldosterone secretion may be seen in Addison disease 
(adrenal insufficiency). In pseudohypoaldosteronism, aldosterone 
levels are elevated, but there is no response because of either a 
defective Na+ channel or a deficiency of aldosterone receptors. A 
lack of tubular response to aldosterone may occur in children with 
urinary tract obstruction, especially during an acute urinary tract 
infection.

In hypervolemic hyponatremia, there is an excess of TBW and 
Na+, although the increase in water is greater than the increase in 
Na+. In most conditions that cause hypervolemic hyponatremia, 
there is a decrease in the effective blood volume, resulting from third 
space fluid loss, vasodilation, or poor cardiac output. The regula-
tory systems sense a decrease in effective blood volume and attempt 
to retain water and Na+ to correct the problem. ADH causes renal 
water retention, and the kidney, under the influence of aldosterone 
and other intrarenal mechanisms, retains sodium. The patient’s 

Table 73.3    � Diagnostic Criteria for Syndrome of  
Inappropriate Antidiuretic Hormone Secretion

	•	 �Absence of:
Renal, adrenal, or thyroid insufficiency
Heart failure, nephrotic syndrome, or cirrhosis
Diuretic ingestion
Dehydration
	•	 �Urine osmolality >100 mOsm/kg (usually > plasma)
	•	 �Serum osmolality <280 mOsm/kg and serum sodium <135 mEq/L
	•	 �Urine sodium >30 mEq/L
	•	 �Reversal of “sodium wasting” and correction of hyponatremia 

with water restriction

Table 73.2    � Causes of Hyponatremia

PSEUDOHYPONATREMIA
Hyperlipidemia
Hyperproteinemia

HYPEROSMOLALITY
Hyperglycemia
Iatrogenic (mannitol, sucrose, glycine)

HYPOVOLEMIC HYPONATREMIA
Extrarenal Losses
Gastrointestinal (emesis, diarrhea)
Skin (sweating or burns)
Third space losses (bowel obstruction, peritonitis, sepsis)

Renal Losses
Thiazide or loop diuretics
Osmotic diuresis
Postobstructive diuresis
Polyuric phase of acute tubular necrosis
Juvenile nephronophthisis (OMIM 256100/606966/602088/604387/6

11498)
Autosomal recessive polycystic kidney disease (OMIM 263200)
Tubulointerstitial nephritis
Obstructive uropathy
Cerebral salt wasting
Proximal (type II) renal tubular acidosis (OMIM 604278)*
Lack of aldosterone effect (high serum potassium):

Absence of aldosterone (e.g., 21-hydroxylase deficiency [OMIM 
201910])

Pseudohypoaldosteronism type I (OMIM 264350/177735)
Urinary tract obstruction and/or infection
Addison disease

EUVOLEMIC HYPONATREMIA
Syndrome of inappropriate antidiuretic hormone secretion (SIADH)
Nephrogenic syndrome of inappropriate antidiuresis (OMIM 304800)
Desmopressin acetate
Glucocorticoid deficiency
Hypothyroidism
Antidepressant medications
Water intoxication

Iatrogenic (excess hypotonic intravenous fluids)
Feeding infants excessive water products
Swimming lessons
Tap water enema
Child abuse
Psychogenic polydipsia
Diluted formula
Beer potomania
Exercise-induced hyponatremia

HYPERVOLEMIC HYPONATREMIA
Heart failure
Cirrhosis
Nephrotic syndrome
Acute, chronic kidney injury
Capillary leak caused by sepsis
Hypoalbuminemia caused by gastrointestinal disease (protein-losing 

enteropathy)

*Most cases of proximal renal tubular acidosis are not caused by this primary genetic 
disorder. Proximal renal tubular acidosis is usually part of Fanconi syndrome, which 
has multiple etiologies.
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A euvolemic hospitalized child has hypotonic hyponatremia with inappropriately concentrated
urine and high urine sodium after adrenal, thyroid, and renal failure are excluded. Which
diagnosis matches the criteria?

A. SIADH

B. Central diabetes insipidus

C. Primary hyperaldosteronism

D. Hypernatremic dehydration

E. Pseudohyponatremia

Original table 73.3  |  Nelson printed p. 492  |  PDF p. 539

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 28

492  Part VI  u  Fluid and Electrolyte Disorders

Renal Na+ loss may occur in a variety of situations. In some 
situations the urine [Na+] is >140 mEq/L; thus hyponatremia may 
occur without any fluid intake. In many cases, the urine Na+ level 
is less than the serum [Na+]; hence, the intake of hypotonic fluid 

is necessary for hyponatremia to develop. In diseases associated 
with urinary Na+ loss, the urine Na+ level is >20 mEq/L despite 
volume depletion. This may not be true if the urinary Na+ loss is 
no longer occurring, as is frequently the case if diuretics are dis-
continued. Because loop diuretics prevent generation of a maxi-
mally hypertonic renal medulla, the patient can neither maximally 
dilute nor concentrate the urine. The inability to maximally retain 
water provides some protection against severe hyponatremia. The 
patient receiving thiazide diuretics can concentrate the urine and 
is at higher risk for severe hyponatremia. Osmotic agents, such as 
glucose during diabetic ketoacidosis, cause loss of both water and 
Na+. Urea accumulates during kidney failure and then acts as an 
osmotic diuretic after relief of urinary tract obstruction and dur-
ing the polyuric phase of acute tubular necrosis. Transient tubu-
lar damage in these conditions further impairs Na+ conservation. 
The serum [Na+] in these conditions depends on [Na+] of the fluid 
used to replace the losses. Hyponatremia develops when the fluid is 
hypotonic relative to the urinary losses.

Renal salt wasting occurs in hereditary kidney diseases, such 
as juvenile nephronophthisis and autosomal recessive polycystic 
kidney disease. Obstructive uropathy, most often a result of pos-
terior urethral valves, produces salt wasting, but patients with the 
disease may also have hypernatremia as a result of impaired ability 
to concentrate urine and high-water loss. Acquired tubulointersti-
tial nephritis, usually secondary to either medications or infections, 
may cause salt wasting, along with other evidence of tubular dys-
function. CNS injury may produce cerebral salt wasting, which is 
theoretically caused by the production of a natriuretic peptide that 
causes renal salt wasting. In type II renal tubular acidosis (RTA), 
usually associated with Fanconi syndrome (see Chapter 569.1), 
there is increased excretion of Na+ and bicarbonate in the urine. 
Patients with Fanconi syndrome also have glycosuria, aminoacid-
uria, and hypophosphatemia because of renal phosphate wasting.

Aldosterone is necessary for renal Na+ retention and for the 
excretion of K+ and acid. In congenital adrenal hyperplasia caused 
by 21-hydroxylase deficiency, the block of aldosterone production 
results in hyponatremia, hyperkalemia, and metabolic acidosis. 
Decreased aldosterone secretion may be seen in Addison disease 
(adrenal insufficiency). In pseudohypoaldosteronism, aldosterone 
levels are elevated, but there is no response because of either a 
defective Na+ channel or a deficiency of aldosterone receptors. A 
lack of tubular response to aldosterone may occur in children with 
urinary tract obstruction, especially during an acute urinary tract 
infection.

In hypervolemic hyponatremia, there is an excess of TBW and 
Na+, although the increase in water is greater than the increase in 
Na+. In most conditions that cause hypervolemic hyponatremia, 
there is a decrease in the effective blood volume, resulting from third 
space fluid loss, vasodilation, or poor cardiac output. The regula-
tory systems sense a decrease in effective blood volume and attempt 
to retain water and Na+ to correct the problem. ADH causes renal 
water retention, and the kidney, under the influence of aldosterone 
and other intrarenal mechanisms, retains sodium. The patient’s 

Table 73.3    � Diagnostic Criteria for Syndrome of  
Inappropriate Antidiuretic Hormone Secretion

	•	 �Absence of:
Renal, adrenal, or thyroid insufficiency
Heart failure, nephrotic syndrome, or cirrhosis
Diuretic ingestion
Dehydration
	•	 �Urine osmolality >100 mOsm/kg (usually > plasma)
	•	 �Serum osmolality <280 mOsm/kg and serum sodium <135 mEq/L
	•	 �Urine sodium >30 mEq/L
	•	 �Reversal of “sodium wasting” and correction of hyponatremia 

with water restriction

Table 73.2    � Causes of Hyponatremia

PSEUDOHYPONATREMIA
Hyperlipidemia
Hyperproteinemia

HYPEROSMOLALITY
Hyperglycemia
Iatrogenic (mannitol, sucrose, glycine)

HYPOVOLEMIC HYPONATREMIA
Extrarenal Losses
Gastrointestinal (emesis, diarrhea)
Skin (sweating or burns)
Third space losses (bowel obstruction, peritonitis, sepsis)

Renal Losses
Thiazide or loop diuretics
Osmotic diuresis
Postobstructive diuresis
Polyuric phase of acute tubular necrosis
Juvenile nephronophthisis (OMIM 256100/606966/602088/604387/6

11498)
Autosomal recessive polycystic kidney disease (OMIM 263200)
Tubulointerstitial nephritis
Obstructive uropathy
Cerebral salt wasting
Proximal (type II) renal tubular acidosis (OMIM 604278)*
Lack of aldosterone effect (high serum potassium):

Absence of aldosterone (e.g., 21-hydroxylase deficiency [OMIM 
201910])

Pseudohypoaldosteronism type I (OMIM 264350/177735)
Urinary tract obstruction and/or infection
Addison disease

EUVOLEMIC HYPONATREMIA
Syndrome of inappropriate antidiuretic hormone secretion (SIADH)
Nephrogenic syndrome of inappropriate antidiuresis (OMIM 304800)
Desmopressin acetate
Glucocorticoid deficiency
Hypothyroidism
Antidepressant medications
Water intoxication

Iatrogenic (excess hypotonic intravenous fluids)
Feeding infants excessive water products
Swimming lessons
Tap water enema
Child abuse
Psychogenic polydipsia
Diluted formula
Beer potomania
Exercise-induced hyponatremia

HYPERVOLEMIC HYPONATREMIA
Heart failure
Cirrhosis
Nephrotic syndrome
Acute, chronic kidney injury
Capillary leak caused by sepsis
Hypoalbuminemia caused by gastrointestinal disease (protein-losing 

enteropathy)

*Most cases of proximal renal tubular acidosis are not caused by this primary genetic 
disorder. Proximal renal tubular acidosis is usually part of Fanconi syndrome, which 
has multiple etiologies.
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A child develops hyperkalemia after a change in chronic medication. Which medication
category is listed as a cause of decreased potassium excretion?

A. Potassium-sparing diuretics

B. Loop diuretics

C. Thiazide diuretics

D. Inhaled beta-agonists

E. Insulin

Original table 73.4  |  Nelson printed p. 496  |  PDF p. 543

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 29
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The kidney can dramatically vary K+ excretion in response to changes 
in intake. Normally, approximately 10–15% of the filtered load is 
excreted. In an adult, excretion of K+ can vary from 5-1,000 mEq/day. 

HYPERKALEMIA
Hyperkalemia—because of the potential for lethal arrhythmias—is one 
of the most alarming electrolyte abnormalities.

Etiology and Pathophysiology
Three basic mechanisms cause hyperkalemia including increased 
intake, cellular shifts, and decreased excretion; spurious lab values are 
also commonly seen (Table 73.4). In the individual patient, the etiology 
is sometimes multifactorial.

Spurious hyperkalemia or pseudohyperkalemia is very common 
in children because of the difficulties in obtaining blood specimens. 
This laboratory result is usually caused by hemolysis during a heelstick 
or phlebotomy, but it can be the result of prolonged tourniquet applica-
tion or fist clenching, either of which causes local potassium release 
from muscle.

The serum [K+] is normally 0.4 mEq/L higher than the plasma value, 
secondary to K+ release from cells during clot formation. This phenom-
enon is exaggerated with thrombocytosis because of K+ release from 
platelets. For every 100,000/m3 increase in the platelet count, the serum 
[K+] rises by approximately 0.15 mEq/L. This phenomenon also occurs 
with the marked white blood cell (WBC) count elevations sometimes 
seen with leukemia. Elevated WBC counts, typically >200,000/m3, can 
cause a dramatic elevation in the measured serum [K+]. Analysis of 
a plasma sample usually provides an accurate result. It is important 
to analyze the sample promptly to avoid K+ release from cells, which 
occurs if the sample is stored in the cold, or cellular uptake of K+ and 
spurious hypokalemia, which occurs with storage at room tempera-
ture. Pneumatic tube transport can cause pseudohyperkalemia if cell 
membranes are fragile (leukemia). Occasionally, heparin causes lysis of 
leukemic cells and a false elevation of the plasma sample; a blood gas 
syringe has less heparin and may provide a more accurate reading than 
a standard tube. There are rare genetic disorders causing in vitro leak-
age of K+ from red blood cells (RBCs) that may causes familial pseudo-
hyperkalemia (autosomal dominant; ABCB6 gene).

Because of the kidney’s ability to excrete K+, it is unusual for exces-
sive intake, by itself, to cause hyperkalemia. This condition can occur in 
a patient who is receiving large quantities of IV or oral K+ for excessive 
losses that are no longer present. Frequent or rapid blood transfusions 
can acutely increase the [K+] because of the K+ content of blood, which 
is variably elevated. Increased intake may precipitate hyperkalemia if 
there is an underlying defect in K+ excretion.

The ICS has a very high [K+], so a shift of K+ from the ICS to the ECS 
can have a significant effect on the plasma [K+]. This shift occurs with 
metabolic acidosis, but the effect is minimal with an organic acid (lac-
tic acidosis, ketoacidosis). A respiratory acidosis has less impact than 
a metabolic acidosis. Cell destruction, as seen with rhabdomyolysis, 
tumor lysis syndrome, tissue necrosis, or hemolysis, releases K+ into 
the extracellular milieu. The K+ released from RBCs in internal bleed-
ing, such as hematomas, is resorbed and enters the ECS.

Normal doses of succinylcholine or β blockers and fluoride or digi-
talis intoxication all cause a shift of K+ out of the intracellular compart-
ment. Succinylcholine should not be used during anesthesia in patients 
at risk for hyperkalemia. β Blockers prevent the normal cellular uptake 
of K+ mediated by binding of β-agonists to the β2-adrenergic recep-
tors. K+ release from muscle cells occurs during exercise, and levels can 
increase by 1-2 mEq/L with high activity. With an increased plasma 
osmolality, water moves from the ICS, and K+ follows. This process 
occurs with hyperglycemia, although in nondiabetic patients the resul-
tant increase in insulin causes K+ to move intracellularly. In diabetic 
ketoacidosis (DKA), the absence of insulin causes potassium to leave 
the ICS, and the problem is compounded by the hyperosmolality. The 
effect of hyperosmolality causes a transcellular shift of K+ into the ECS 

after mannitol or hypertonic saline infusions. Malignant hyperther-
mia, which is triggered by some inhaled anesthetics, causes muscle 
release of potassium (see Chapter 651.2). Hyperkalemic periodic 
paralysis is an autosomal dominant disorder caused by pathogenic 
variants in SCN4A, the gene for a Na+ channel. It results in episodic 
cellular release of K+ and attacks of paralysis (see Chapter 651.1).

Table 73.4    � Causes of Hyperkalemia

SPURIOUS LABORATORY VALUE
Hemolysis
Tissue ischemia during blood drawing
Thrombocytosis
Leukocytosis
Familial pseudohyperkalemia (OMIM 609153)

INCREASED INTAKE
Intravenous or oral
Blood transfusions

TRANSCELLULAR SHIFTS
Acidosis
Rhabdomyolysis
Tumor lysis syndrome
Tissue necrosis
Hemolysis/hematomas/gastrointestinal bleeding
Succinylcholine
Digitalis intoxication
Fluoride intoxication
β-Adrenergic blockers
Exercise
Hyperosmolality
Insulin deficiency
Malignant hyperthermia (OMIM 145600/601887/601888)
Hyperkalemic periodic paralysis (OMIM 170500)

DECREASED EXCRETION
Kidney failure
Primary adrenal disease

Acquired Addison disease
21-Hydroxylase deficiency (OMIM 201910)
3β-Hydroxysteroid dehydrogenase deficiency (OMIM 201810)
Lipoid congenital adrenal hyperplasia (OMIM 201710)
Adrenal hypoplasia congenita (OMIM 300200)
Aldosterone synthase deficiency (OMIM 203400/610600)
Adrenoleukodystrophy (OMIM 300100)

Hyporeninemic hypoaldosteronism
Urinary tract obstruction
Sickle cell disease (OMIM 603903)
Kidney transplant
Lupus nephritis

Renal tubular disease
Pseudohypoaldosteronism type I (OMIM 264350/177735)
Pseudohypoaldosteronism type II (OMIM 614491/614492/614495)
Bartter syndrome, type 2 (OMIM 241200)
Urinary tract obstruction
Kidney transplant

Medications
Renin inhibitors
Angiotensin-converting enzyme inhibitors
Angiotensin II blockers
Potassium-sparing diuretics
Calcineurin inhibitors
Nonsteroidal antiinflammatory drugs
Trimethoprim
Heparin
Drospirenone (in some oral contraceptives)

OMIM, database number from the Online Mendelian Inheritance in Man (http://www.n
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A child with persistent vomiting develops hypokalemia. Which mechanism in the causes table
fits this presentation?

A. Gastrointestinal loss and secondary renal potassium wasting

B. Excess cell breakdown

C. Potassium-sparing drug exposure

D. Renal failure with reduced excretion

E. Pseudohyperkalemia from hemolysis

Original table 73.5  |  Nelson printed p. 499  |  PDF p. 546

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 30
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Sweat losses of K+ can be significant during vigorous exercise in 
a hot climate. Associated volume depletion and hyperaldosteron-
ism increase renal losses of K+ (discussed later). Diarrheal fluid has 
a high concentration of K+, and hypokalemia because of diarrhea 
is usually associated with metabolic acidosis resulting from stool 
losses of bicarbonate. In contrast, normal acid-base balance or mild 
metabolic alkalosis is seen with laxative abuse. Intake of potassium-
binding resins (SPS) or ingestion of clay because of pica increases 
stool losses of potassium.

Urinary potassium wasting may be accompanied by a metabolic 
acidosis (proximal or distal RTA). In DKA, although it is often 
associated with normal plasma [K+] from transcellular shifts, there 
is significant total body K+ depletion from urinary losses because 
of the osmotic diuresis, and the K+ level may decrease dramatically 
with insulin therapy (see Chapter 629). Both the polyuric phase of 
acute tubular necrosis and postobstructive diuresis cause transient, 
highly variable K+ wasting and may be associated with metabolic 
acidosis. Tubular damage, which occurs either directly from medi-
cations or secondary to interstitial nephritis, is often accompanied 
by other tubular losses, including magnesium, Na+, and water. Such 
tubular damage may cause a secondary RTA with metabolic acido-
sis. Isolated magnesium deficiency causes renal K+ wasting. Peni-
cillin is an anion excreted in the urine, resulting in increased K+ 
excretion because the penicillin anion must be accompanied by a 

cation. Hypokalemia from penicillin therapy occurs only with the 
sodium salt of penicillin, not with the potassium salt.

Urinary K+ wasting is often accompanied by a metabolic alkalo-
sis. This condition is usually associated with increased aldosterone, 
which increases urinary K+ and acid losses, contributing to the 
hypokalemia and the metabolic alkalosis. Other mechanisms often 
contribute to both the K+ losses and the metabolic alkalosis. With 
emesis or nasogastric suction, there is gastric loss of K+, but this is 
minimal given the low K+ content of gastric fluid, approximately 
10 mEq/L. More important is the gastric loss of hydrochloric acid 
(HCl), leading to metabolic alkalosis and a state of volume deple-
tion. The kidney compensates for metabolic alkalosis by excreting 
bicarbonate in the urine, but there is obligate loss of K+ and Na+ 
with the bicarbonate. The volume depletion raises aldosterone lev-
els, further increasing urinary K+ losses and preventing correction 
of metabolic alkalosis and hypokalemia until the volume depletion 
is corrected.

Urinary chloride (Cl−) is low as a response to the volume depletion. 
Because the volume depletion is secondary to Cl− loss, this is a state of 
Cl− deficiency. There were cases of Cl− deficiency resulting from infant 
formula deficient in Cl−, which caused a metabolic alkalosis with hypo-
kalemia and low urine [Cl−]. Current infant formula is not deficient in 
Cl−. A similar mechanism occurs in cystic fibrosis because of Cl− loss in 
sweat. In congenital chloride-losing diarrhea, an autosomal recessive 

Table 73.5    � Causes of Hypokalemia

SPURIOUS LABORATORY VALUE
High white blood cell count

TRANSCELLULAR SHIFTS
Alkalemia
Insulin
α-Adrenergic agonists
Drugs/toxins (theophylline, barium, toluene, cesium chloride,  

hydroxychloroquine)
Hypokalemic periodic paralysis (OMIM 170400)
Thyrotoxic period paralysis
Refeeding syndrome

DECREASED INTAKE
Anorexia nervosa

EXTRARENAL LOSSES
Diarrhea
Laxative abuse
Sweating
Sodium polystyrene sulfonate (Kayexalate) or clay ingestion

RENAL LOSSES
With Metabolic Acidosis
Distal renal tubular acidosis (OMIM 179800/602722/267300/611590)
Proximal renal tubular acidosis (OMIM 604278)*
Ureterosigmoidostomy
Diabetic ketoacidosis

Without Specific Acid-Base Disturbance
Tubular toxins: amphotericin, cisplatin, aminoglycosides
Interstitial nephritis
Diuretic phase of acute tubular necrosis
Postobstructive diuresis
Hypomagnesemia
High urine anions (e.g., penicillin or penicillin derivatives)

With Metabolic Alkalosis
Low urine chloride

Emesis or nasogastric suction
Chloride-losing diarrhea (OMIM 214700)
Cystic fibrosis (OMIM 219700)
Low-chloride formula
Posthypercapnia
Previous loop or thiazide diuretic use

High urine chloride and normal blood pressure
Gitelman syndrome (OMIM 263800)
Bartter syndrome (OMIM 241200/607364/602522/601678/300971/6

01198/613090)
Autosomal dominant hypoparathyroidism (OMIM 146200)
EAST syndrome (OMIM 612780)
Autosomal dominant kidney hypomagnesemia due to RRAGD  

variant (OMIM not assigned)
Loop and thiazide diuretics (current)

High urine chloride and high blood pressure
Adrenal adenoma or hyperplasia
Glucocorticoid-remediable aldosteronism (OMIM 103900)
Hyperaldosteronism type II (OMIM 605635)
Familial hyperaldosteronism type III (OMIM 613677)
Familial hyperaldosteronism type IV (OMIM 617027)
Renovascular disease
Renin-secreting tumor
17β-Hydroxylase deficiency (OMIM 202110)
11β-Hydroxylase deficiency (OMIM 202010)
Cushing syndrome
11β-Hydroxysteroid dehydrogenase deficiency (OMIM 218030)
Licorice ingestion
Liddle syndrome (OMIM 177200)
Early-onset autosomal dominant hypertension with exacerbation in 

pregnancy (OMIM 605115)

*Most cases of proximal renal tubular acidosis are not caused by this primary genetic disorder. Proximal renal tubular acidosis is usually part of Fanconi syndrome, which has multiple 
etiologies.

EAST, Epilepsy, ataxia, sensorineural hearing loss, and tubulopathy; OMIM, database number from the Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.gov/omim).
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A child treated with cisplatin develops refractory hypomagnesemia. Which loss mechanism in
the table is most likely?

A. Renal magnesium wasting from medication

B. Excess magnesium intake

C. Isolated respiratory alkalosis

D. Vitamin A toxicity

E. Pseudohypermagnesemia
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tubular resorption. Approximately 15% of resorption occurs in the 
proximal tubule and 70% in the thick ascending limb (TAL) of the loop 
of Henle. Proximal resorption may be higher in neonates. High serum 
magnesium levels inhibit resorption in the TAL, suggesting that active 
transport is involved. Approximately 5–10% of filtered magnesium is 
resorbed in the distal tubule. Hypomagnesemia increases absorption 
in the TAL and the distal tubule. 

HYPOMAGNESEMIA
Hypomagnesemia is relatively common in hospitalized patients, 
although most cases are asymptomatic. Detection requires a high index 
of suspicion because magnesium is not measured in most basic meta-
bolic panels.

Etiology and Pathophysiology
GI and renal losses are the major causes of hypomagnesemia (Table 
73.7). Diarrheal fluid contains up to 200 mg/L of magnesium; gastric 
contents have only approximately 15 mg/L, but high losses can cause 
depletion. Steatorrhea causes magnesium loss because of the formation 
of magnesium-lipid salts; restriction of dietary fat can decrease losses. 
The potassium-lowering agent patiromer binds magnesium and may 
cause hypomagnesemia.

Hypomagnesemia with secondary hypocalcemia, a rare autoso-
mal recessive disorder, is caused by decreased intestinal absorption of 
magnesium and renal magnesium wasting. Patients with this disorder 
have pathogenic variants in a gene expressed in intestine and kidney; 
TRPM6 codes for a transient receptor potential cation channel. The 
patients have seizures, tetany, tremor, or restlessness at 2-8 weeks of 
life because of severe hypomagnesemia (0.2-0.8 mg/dL) and secondary 
hypocalcemia.

Renal losses may occur because of medications that are direct tubu-
lar toxins. Amphotericin frequently causes significant magnesium 
wasting and is typically associated with other tubular defects (espe-
cially potassium wasting). Cisplatin produces dramatic renal mag-
nesium losses. Diuretics affect tubular handling of magnesium. Loop 
diuretics cause a mild increase in magnesium excretion, and thiazide 
diuretics have even less effect. Chronic use of proton pump inhibi-
tors (PPIs) may cause hypomagnesemia. Potassium-sparing diuretics 
reduce magnesium losses. Osmotic agents, such as mannitol, glucose 
in diabetes mellitus, and urea in the recovery phase of acute tubular 
necrosis, increase urinary magnesium losses. Epidermal growth fac-
tor (EGF) receptor inhibitors cause renal magnesium wasting. IV fluid, 
by expanding the intravascular volume, decreases renal resorption of 

Table 73.6    � Conversion Factors for Calcium, Magnesium, 
and Phosphorus

UNIT
CONVERSION 

FACTOR UNIT

Calcium mg/dL 0.25 mmol/L
mEq/L 0.5 mmol/L
mg/dL 0.5 mEq/L

Magnesium mg/dL 0.411 mmol/L
mEq/L 0.5 mmol/L
mg/dL 0.822 mEq/L

Phosphorus mg/dL 0.32 mmol/L

Table 73.7    � Causes of Hypomagnesemia

GASTROINTESTINAL LOSSES
Diarrhea
Nasogastric suction or emesis
Inflammatory bowel disease
Celiac disease
Cystic fibrosis
Intestinal lymphangiectasia
Small bowel resection or bypass
Pancreatitis
Protein-calorie malnutrition
Patiromer
Hypomagnesemia with secondary hypocalcemia (OMIM 602014)*

RENAL DISORDERS
Medications

Amphotericin
Cisplatin
Cyclosporine, tacrolimus
Loop and thiazide diuretics
Mannitol
Pentamidine
Proton pump inhibitors
Aminoglycosides
Thiazide diuretics
Epidermal growth factor receptor inhibitors

Diabetes
Acute tubular necrosis (recovery phase)
Postobstructive nephropathy
Chronic kidney diseases

Interstitial nephritis
Glomerulonephritis
Post–renal transplantation

Hypercalcemia
Intravenous fluids

Primary aldosteronism
Genetic diseases

Gitelman syndrome (OMIM 263800)
Bartter syndrome (OMIM 241200/607364/602522/601678/300971/6

01198/613090)
Familial hypomagnesemia with hypercalciuria and nephrocalcinosis 

(OMIM 248250)
Familial hypomagnesemia with hypercalciuria, nephrocalcinosis, 

and severe ocular involvement (OMIM 248190)
Autosomal recessive renal magnesium wasting with normocalciuria 

(OMIM 611718)
Renal cysts and diabetes syndrome due to HNF1β variants (OMIM 

137920)
Autosomal dominant hypomagnesemia (OMIM 

160120/613882/154020)
EAST syndrome (OMIM 612780)
Autosomal dominant hypoparathyroidism (OMIM 146200)
Mitochondrial disorders (OMIM 500005)

Hyperuricemia, pulmonary hypertension, renal failure in infancy and 
alkalosis, HUPRA syndrome (OMIM 613845)

Transient neonatal hyperphenylalaninemia followed by hypomagnesemia 
and maturity onset diabetes of the young (OMIM 264070)

Hypomagnesemia, seizures and mental retardation due to CNNM2 
pathogenic variants (OMIM 616418)

Autosomal dominant kidney hypomagnesemia due to RRAGD 
pathogenic variants (OMIM not assigned)

MISCELLANEOUS CAUSES
Poor intake
Hungry bone syndrome
Insulin administration
Pancreatitis
Intrauterine growth restriction
Infants of diabetic mothers
Exchange transfusion

*This disorder is also associated with renal magnesium wasting.
EAST, Epilepsy, ataxia, sensorineural hearing loss, and tubulopathy; OMIM, database number from the Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.gov/omim).
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A severely malnourished patient begins feeding and develops a rapid fall in serum phosphate.
Which mechanism in the table explains this association?

A. Intracellular shift during refeeding

B. Decreased renal phosphate clearance

C. Phosphate enema absorption

D. Hypoparathyroidism

E. Excess phosphate supplementation

Original table 73.9  |  Nelson printed p. 506  |  PDF p. 553
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Phosphorus, as a component of adenosine triphosphate (ATP) and 
other trinucleotides, is critical for cellular energy metabolism. It is nec-
essary for cell signaling and nucleic acid synthesis, and it is a com-
ponent of cell membranes and other structures. Along with calcium, 
phosphorus is necessary for skeletal mineralization. A net positive 
phosphorus balance is required during growth, with the growing skel-
eton especially vulnerable to deficiency. 

Phosphorus Intake
Phosphorus is readily available in food. Milk and milk products are the 
best sources of phosphorus; high concentrations are present in meat 
and fish. Vegetables have more phosphorus than fruits and grains. 
GI absorption of phosphorus is proportional to intake, with approxi-
mately 65% of intake being absorbed, including a small amount that is 
secreted. Absorption, almost exclusively in the small intestine, occurs 
via a paracellular diffusive process and a vitamin D–regulated trans-
cellular pathway. However, the impact of the change in phosphorus 
absorption caused by vitamin D is relatively small compared with the 
effect of variations in phosphorus intake. 

Phosphorus Excretion
Despite the wide variation in phosphorus absorption dictated 
by oral intake, excretion matches intake, except for the needs for 
growth. The kidney regulates phosphorus balance, which is deter-
mined by intrarenal mechanisms and hormonal actions on the 
nephron.

Approximately 90% of plasma phosphate is filtered at the glomeru-
lus, although there is some variation based on plasma phosphate and 
calcium concentrations. There is no significant secretion of phosphate 
along the nephron. Resorption of phosphate occurs mostly in the 
proximal tubule, although a small amount can be resorbed in the distal 
tubule. Normally, approximately 85% of the filtered load is resorbed. 
Sodium-phosphate co-transporters mediate the uptake of phosphate 
into the cells of the proximal tubule.

Dietary phosphorus determines the amount of phosphate resorbed 
by the nephron. There are both acute and chronic changes in phos-
phate resorption that are based on intake. Many of these changes 
appear to be mediated by intrarenal mechanisms that are indepen-
dent of regulatory hormones. Fibroblast growth factor-23 (FGF-23) 
inhibits renal resorption of phosphorus in the proximal tubule, and 
its level increases in the setting of hyperphosphatemia. FGF-23 also 
inhibits synthesis of 1,25-vitamin D in the kidney by decreasing 1α-
hydroxylase activity.

Secreted in response to a low plasma calcium level, PTH decreases 
resorption of phosphate, increasing the urinary phosphate level. This 
process appears to have a minimal effect during normal physiologic 
variation in PTH levels. However, it does affect urinary phosphate in 
the setting of pathologic changes in PTH synthesis.

Low plasma phosphorus stimulates the 1α-hydroxylase in the kidney 
that converts 25-hydroxyvitamin D (25-D) to 1,25-dihydroxyvitamin D 
(1,25-D; calcitriol). Calcitriol increases intestinal absorption of phos-
phorus and is necessary for maximal renal resorption of phosphate. 
The effect of a change in calcitriol on urinary phosphate is significant 
only when the level of calcitriol was initially low, arguing against a role 
for calcitriol in nonpathologic conditions. 

HYPOPHOSPHATEMIA
Because of the wide variation in normal plasma phosphorus levels, the 
definition of hypophosphatemia is age dependent (see Table 73.8). The 
normal range reported by a laboratory may be based on adult normal 
values and therefore may be misleading in children. A serum phos-
phorus level of 3 mg/dL, a normal value in an adult, indicates clinically 
significant hypophosphatemia in an infant.

The plasma phosphorus level does not always reflect the total body 
stores because only 1% of phosphorus is extracellular. Thus a child 
may have significant phosphorus deficiency despite a normal plasma 
phosphorus concentration when there is a shift of phosphorus from 
the ICS.

Etiology and Pathophysiology
A variety of mechanisms cause hypophosphatemia (Table 73.9). A 
transcellular shift of phosphorus into cells occurs with processes that 
stimulate cellular usage of phosphorus (glycolysis). Usually, this shift 
causes only a minor, transient decrease in plasma phosphorus, but if 
intracellular phosphorus deficiency is present, the plasma phosphorus 
level can decrease significantly, producing symptoms of acute hypo-
phosphatemia. Glucose infusion stimulates insulin release, leading to 
entry of glucose and phosphorus into the cells. Phosphorus is then used 
during glycolysis and other metabolic processes. A similar phenomenon 
can occur during the treatment of DKA, and patients with DKA are typi-
cally phosphorus depleted because of urinary phosphorus losses.

Table 73.9    � Causes of Hypophosphatemia

TRANSCELLULAR SHIFTS
Glucose infusion
Insulin
Refeeding
Total parenteral nutrition
Respiratory alkalosis
Tumor growth
Bone marrow transplantation
Hungry bone syndrome

DECREASED INTAKE
Nutritional
Premature infants
Low phosphorus formula
Antacids and other phosphate binders

RENAL LOSSES
Hyperparathyroidism
Parathyroid hormone–related peptide
X-linked hypophosphatemic rickets (OMIM 307800)
Overproduction of fibroblast growth factor-23

Tumor-induced rickets
McCune-Albright syndrome (OMIM 174800)
Epidermal nevus syndrome
Neurofibromatosis
Autosomal dominant hypophosphatemic rickets (OMIM 193100)
Autosomal recessive hypophosphatemic rickets, types 1, 2, and 3 

(OMIM 241520/613312)
Ferric carboxymaltose
Dent disease (OMIM 300009/300555)
Fanconi syndrome (OMIM 134600/613388/615605/616026/618913/ 

612392)*
Hypophosphatemic rickets with hypercalciuria (OMIM 241530)
Hypophosphatemic rickets with nephrolithiasis and osteoporosis 

types 1 and 2 (OMIM 612286/612287)
Volume expansion and intravenous fluids
Metabolic acidosis
Diuretics
Glycosuria
Glucocorticoids
Chemotherapy (cisplatin, ifosfamide)
Kidney transplantation

MULTIFACTORIAL
Vitamin D deficiency
Vitamin D–dependent rickets type 1 (OMIM 264700)
Vitamin D–dependent rickets type 2 (OMIM 277440)
Alcoholism
Sepsis
Dialysis

*These are primary genetic causes of Fanconi syndrome. Fanconi syndrome may also 
be secondary to medications, genetic disorders (cystinosis) or systemic disease 
(Sjögren syndrome).

OMIM, database number from the Online Mendelian Inheritance in Man (http://www.n
cbi.nlm.nih.gov/omim).
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A child with newly treated leukemia develops hyperphosphatemia after cell breakdown. Which
listed cause is most likely?

A. Tumor lysis syndrome

B. Chronic diarrhea

C. Refeding syndrome

D. Phosphate binder ingestion

E. Renal phosphate wasting

Original table 73.10  |  Nelson printed p. 508  |  PDF p. 555
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the treatment of methanol or ethylene glycol ingestion, can cause 
hypophosphatemia. 

Clinical Manifestations
There are acute and chronic manifestations of hypophosphatemia. 
Rickets occurs in children with long-term phosphorus deficiency. The 
clinical features of rickets are described in Chapter 69.

Severe hypophosphatemia, typically at levels <1.0-1.5 mg/dL, may 
affect every organ in the body because phosphorus has a critical role 
in maintaining adequate cellular energy. Phosphorus is a component 
of ATP and is necessary for glycolysis. With inadequate phosphorus, 
2,3-diphosphoglycerate levels in RBCs decrease, impairing release of 
oxygen to the tissues. Severe hypophosphatemia can cause hemolysis 
and dysfunction of WBCs. Chronic hypophosphatemia causes proxi-
mal muscle weakness and atrophy. In the intensive care unit, phos-
phorus deficiency may slow weaning from mechanical ventilation or 
cause acute respiratory failure. Rhabdomyolysis is the most common 
complication of acute hypophosphatemia, usually in the setting of an 
acute transcellular shift of phosphorus into cells in a child with chronic 
phosphorus depletion (anorexia nervosa). The rhabdomyolysis is actu-
ally somewhat protective, in that cellular release of phosphorus occurs. 
Other manifestations of severe hypophosphatemia include cardiac dys-
function and neurologic symptoms, such as tremor, paresthesia, ataxia, 
seizures, delirium, and coma. 

Diagnosis
The history and basic laboratory evaluation often suggest the etiol-
ogy of hypophosphatemia. The history should investigate nutrition, 
medications, and familial disease. Hypophosphatemia and rickets 
in an otherwise healthy young child suggest a genetic defect in renal 
phosphorus conservation, Fanconi syndrome, inappropriate use of 
antacids, poor nutrition, vitamin D deficiency, or a genetic defect in 
vitamin D metabolism. The patient with Fanconi syndrome usually 
has metabolic acidosis, glycosuria, aminoaciduria, and a low plasma 
uric acid level. Measurement of 25-D and 1,25-D, calcium, and PTH 
differentiates among the various vitamin D deficiency disorders and 
primary renal phosphate wasting (see Chapter 69). Hyperparathy-
roidism is easily distinguished by the presence of elevated plasma 
PTH and calcium values. 

Treatment
The plasma phosphorus level, the presence of symptoms, the like-
lihood of chronic depletion, and the presence of ongoing losses 
dictate the approach to therapy. Mild hypophosphatemia does not 
require treatment unless the clinical situation suggests that chronic 
phosphorus depletion is present or that losses are ongoing. Oral 
phosphorus can cause diarrhea, so the doses should be divided. 
IV therapy is effective in patients who have severe deficiency or 
who cannot tolerate oral medications. IV phosphorus is available as 
either sodium phosphate or potassium phosphate, with the choice 
usually based on the patient’s plasma potassium level. Starting doses 
are 0.08-0.16 mmol/kg over 6 hours. The oral preparations of phos-
phorus are available with various ratios of sodium and potassium. 
This is an important consideration because some patients may not 
tolerate the potassium load, whereas supplemental potassium may 
be helpful in some diseases, such as Fanconi syndrome and malnu-
trition. Oral maintenance dosages are 2-3 mmol/kg/day in divided 
doses, although the maintenance dose varies considerably between 
patients.

Increasing dietary phosphorus is the only intervention needed 
in infants with inadequate intake. Other patients may also benefit 
from increased dietary phosphorus, usually from dairy products. 
Phosphorus-binding antacids should be discontinued in patients 
with hypophosphatemia. Certain diseases require specific ther-
apy (see Chapter 69). Specifically, X-linked hypophosphatemia 
responds to burosumab, a monoclonal antibody targeting FGF-23. 

HYPERPHOSPHATEMIA
Etiology and Pathophysiology
Renal insufficiency is the most common cause of hyperphosphatemia, 
with the severity proportional to the degree of kidney impairment (see 
Chapter 572). This occurs because GI absorption of the large dietary 
intake of phosphorus is unregulated, and the kidneys normally excrete 
this phosphorus. As kidney function deteriorates, increased excretion 
of phosphorus is able to compensate. When kidney function is <30% 
of normal, hyperphosphatemia usually develops, although this varies 
considerably depending on dietary intake. Many of the other causes 
of hyperphosphatemia are more likely to develop in the setting of 
decreased kidney function (Table 73.10).

Cellular content of phosphorus is high relative to plasma phos-
phorus, and cell lysis can release substantial phosphorus. This is the 
etiology of hyperphosphatemia in tumor lysis syndrome, rhabdo-
myolysis, and acute hemolysis. These disorders cause concomitant 
potassium release and the risk of hyperkalemia. Additional features of 
tumor lysis and rhabdomyolysis are hyperuricemia and hypocalcemia, 
whereas indirect hyperbilirubinemia and elevated lactate dehydroge-
nase (LDH) values are often present with hemolysis. An elevated CPK 
level is suggestive of rhabdomyolysis. During lactic acidosis or DKA, 
use of phosphorus by cells decreases, and phosphorus shifts into the 
ECS. This problem reverses when the underlying problem is corrected, 
and especially with DKA, patients subsequently become hypophospha-
temic because of previous renal phosphorus loss.

Excessive intake of phosphorus is especially dangerous in children 
with decreased kidney function. Neonates are at risk because kidney 
function is normally reduced during the first few months of life. In 
addition, they may erroneously be given doses of phosphorus that are 
meant for an older child or adult. In infants fed cow’s milk, which has 
higher phosphorus content than breast milk or formula, hyperphos-
phatemia may develop. Fleet Enema has a high amount of phosphorus 
that can be absorbed, especially in the patient with an ileus; infants and 
children with Hirschsprung disease are especially vulnerable. There is 
often associated hypernatremia from sodium absorption and water loss 
from diarrhea. Sodium phosphorus laxatives may cause hyperphospha-
temia if the dose is excessive or if renal insufficiency is present. Hyper-
phosphatemia occurs in children who receive overaggressive treatment 
for hypophosphatemia. Vitamin D intoxication causes excessive GI 
absorption of both calcium and phosphorus, and the suppression of 
PTH by hypercalcemia decreases renal phosphorus excretion.

Table 73.10    � Causes of Hyperphosphatemia

TRANSCELLULAR SHIFTS
Tumor lysis syndrome
Rhabdomyolysis
Acute hemolysis
Diabetic ketoacidosis and lactic acidosis

INCREASED INTAKE
Enemas and laxatives
Cow’s milk in infants
Treatment of hypophosphatemia
Vitamin D intoxication

DECREASED EXCRETION
Kidney failure
Hypoparathyroidism or pseudohypoparathyroidism (OMIM 146200/ 

603233/103580/241410/203330)
Acromegaly
Hyperthyroidism
Tumoral calcinosis with hyperphosphatemia: genetic (OMIM 

211900/617993/617994) or autoimmune

OMIM, database number from the Online Mendelian Inheritance in Man (http://www.n
cbi.nlm.nih.gov/omim).
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A child has metabolic acidosis with serum bicarbonate 12 mEq/L. Which PaCO2 is closest to
the expected respiratory compensation by the table's formula?

A. 14 mm Hg

B. 26 mm Hg

C. 40 mm Hg

D. 55 mm Hg

E. 70 mm Hg

Original table 73.11  |  Nelson printed p. 513  |  PDF p. 560
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secretion of H+ by the collecting duct can be reversed (see Fig. 73.9), 
leading to secretion of bicarbonate into the tubular lumen and secre-
tion of hydrogen ions into the peritubular fluid, where they enter the 
bloodstream. 

CLINICAL ASSESSMENT OF ACID-BASE DISORDERS
The following rearrangement of the Henderson-Hasselbalch equation 
emphasizes the relationship among Pco2, bicarbonate concentration, 
and hydrogen ion concentration:[

H+] = 24× PCO2 [HCO-
3]

An increase in the Pco2 or a decrease in [HCO3
−] increases [H+]; 

the pH decreases. A decrease in the Pco2 or an increase in [HCO3
−] 

decreases [H+]; the pH increases.

Terminology
Acidemia is a pH below normal (<7.35), and alkalemia is a pH above 
normal (>7.45). An acidosis is a pathologic process that causes an 
increase in [H+], and an alkalosis is a pathologic process that causes a 
decrease in [H+]. Whereas acidemia is always accompanied by an aci-
dosis, a patient can have an acidosis and a low, normal, or high pH. 
For example, a patient may have a mild metabolic acidosis but a simul-
taneous, severe respiratory alkalosis; the net result may be alkalemia. 
Acidemia and alkalemia indicate the pH abnormality; acidosis and 
alkalosis indicate the pathologic process that is taking place.

A simple acid-base disorder is a single primary disturbance. 
During a simple metabolic disorder, there is respiratory compensa-
tion. With a metabolic acidosis, the decrease in the pH increases 
the ventilatory drive, causing a decrease in Pco2. The decrease in 
the [CO2] leads to an increase in the pH. This appropriate respira-
tory compensation is expected with a primary metabolic acidosis. 
Despite the decrease in [CO2], appropriate respiratory compen-
sation is not a respiratory alkalosis, even though it is sometimes 
erroneously called a “compensatory” respiratory alkalosis. A low 
Pco2 can result either from a primary respiratory alkalosis or from 
appropriate respiratory compensation for a metabolic acidosis. 
Appropriate respiratory compensation also occurs with a primary 

metabolic alkalosis, although in this case [CO2] increases to attenu-
ate the increase in the pH. The respiratory compensation for a met-
abolic process happens quickly and is complete within 12-24 hours; 
it cannot overcompensate for or normalize the pH.

During a primary respiratory process, there is metabolic compensa-
tion, mediated by the kidneys. The kidneys respond to a respiratory 
acidosis by increasing H+ excretion, thereby increasing bicarbonate 
generation and raising the serum [HCO3

−]. The kidneys increase bicar-
bonate excretion to compensate for a respiratory alkalosis; [HCO3

−] 
decreases. Unlike respiratory compensation, which occurs rapidly, it 
takes 3-4 days for the kidneys to complete appropriate metabolic com-
pensation. There is, however, a small and rapid compensatory change 
in [HCO3

−] during a primary respiratory process. The expected appro-
priate metabolic compensation for a respiratory disorder depends on 
whether the process is acute or chronic.

A mixed acid-base disorder is present when there is more than 
one primary acid-base disturbance. An infant with bronchopulmo-
nary dysplasia may have a respiratory acidosis from chronic lung dis-
ease and a metabolic alkalosis from the furosemide used to treat the 
chronic lung disease. More dramatically, a child with pneumonia and 
sepsis may have severe acidemia because of a combined metabolic 
acidosis caused by lactic acid and respiratory acidosis caused by ven-
tilatory failure.

There are formulas for calculating the appropriate metabolic or 
respiratory compensation for the six primary simple acid-base dis-
orders (Table 73.11). The appropriate compensation is expected in 
a simple disorder; it is not optional. If a patient does not have the 
appropriate compensation, a mixed acid-base disorder is present. 
For example, if a patient has a primary metabolic acidosis with a 
serum [HCO3

−] of 10 mEq/L, the expected respiratory compensa-
tion is [CO2] of 23 mm Hg ± 2 (1.5 × 10 + 8 ± 2 = 23 ± 2; see Table 
73.11). If the patient’s [CO2] is >25 mm Hg, a concurrent respira-
tory acidosis is present; [CO2] is higher than expected. A patient 
may have a respiratory acidosis despite a CO2 level below the “nor-
mal” value of 35-45 mm Hg. In this example, [CO2] <21 mm Hg 
indicates a concurrent respiratory alkalosis; [CO2] is lower than exp
ected. 

Diagnosis
A systematic evaluation of an arterial blood gas (ABG) sample, com-
bined with the clinical history, can usually explain the patient’s acid-
base disturbance. Assessment of an ABG sample requires knowledge 
of normal values (Table 73.12). In most cases, this is accomplished 
through a three-step process (Fig. 73.10):
	1.	�Determine whether acidemia or alkalemia is present.
	2.	�Determine a cause of the acidemia or alkalemia.
	3.	�Determine whether a mixed disorder is present.

Most patients with an acid-base disturbance have an abnormal 
pH, although there are two exceptions. One exception is in the 
patient with a mixed disorder in which the two processes have 
opposite effects on pH (a metabolic acidosis and a respiratory alka-
losis) and cause changes in [H+] that are comparable in magnitude, 
although opposite. The other exception is in the patient with a 
simple chronic respiratory alkalosis; in some cases, the appropriate 
metabolic compensation is enough to normalize the pH. In both 
situations, the presence of an acid-base disturbance is deduced 
because of the abnormal CO2 and bicarbonate levels. Determining 
the acid-base disturbance in these patients requires proceeding to 
the third step of the process.

The second step requires inspection of the serum [HCO3
−] and Pco2 

to determine a cause of the abnormal pH (see Fig. 73.10). In most 
cases, there is only one obvious explanation for the abnormal pH. In 
some mixed disorders, however, there may be two possibilities (e.g., 
a high Pco2 and a low [HCO3

−] in a patient with acidemia). In such 
cases, the patient has two causes for abnormal pH—a metabolic acido-
sis and a respiratory acidosis, in this instance—and it is unnecessary to 
proceed to the third step.

The third step requires determining whether the patient’s com-
pensation is appropriate. It is assumed that the primary disorder was 

Table 73.11    � Appropriate Compensation During Simple 
Acid-Base Disorders

DISORDER EXPECTED COMPENSATION

Metabolic acidosis Pco2 = 1.5 × [HCO3
−] + 8 ± 2

Metabolic alkalosis Pco2 increases by 7 mm Hg for each 
10 mEq/L increase in serum [HCO3

−]

Respiratory Acidosis
Acute [HCO3

−] increases by 1 for each 10 mm 
Hg increase in Pco2

Chronic [HCO3
−] increases by 3.5 for each 

10 mm Hg increase in Pco2

Respiratory Alkalosis
Acute [HCO3

−] falls by 2 for each 10 mm Hg 
decrease in Pco2

Chronic [HCO3
−] falls by 4 for each 10 mm Hg 

decrease in Pco2

Table 73.12    � Normal Values of Arterial Blood Gases

pH 7.35-7.45

[HCO3
−] 20-28 mEq/L

Pco2 35-45 mm Hg
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A toddler develops metabolic acidosis after profuse diarrhea, with no elevation of the anion
gap. Which cause category in the table matches?

A. Normal-anion-gap bicarbonate loss

B. High-anion-gap lactic acidosis from shock

C. Organic acidemia

D. Toxic alcohol ingestion

E. Tumor lysis syndrome
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to thrive because of chronic metabolic acidosis is the most common 
presenting complaint. Patients with distal RTA cannot acidify their 
urine and thus have a urine pH >5.5 despite a metabolic acidosis.

Proximal RTA is rarely present in isolation. In most patients, 
proximal RTA is part of Fanconi syndrome, a generalized dysfunc-
tion of the proximal tubule. The dysfunction leads to glycosuria, 
aminoaciduria, and excessive urinary losses of phosphate and uric 
acid. The presence of a low serum uric acid level, glycosuria, and 
aminoaciduria is helpful diagnostically. Chronic hypophosphatemia 
leads to rickets in children (see Chapter 69). Rickets and/or failure 
to thrive may be the presenting complaint. The ability to acidify 
the urine is intact in proximal RTA; thus untreated patients have a 
urine pH <5.5. However, bicarbonate therapy increases bicarbon-
ate losses in the urine, and the urine pH increases. A mixed RTA 
(combined distal and proximal) occurs in patients with autosomal 
recessive osteopetrosis caused by pathologic variants in the gene for 
carbonic anhydrase II.

In hyperkalemic RTA, renal excretion of acid and potassium is 
impaired. Hyperkalemic RTA is the result of hyperkalemia, absence 
of aldosterone, or inability of the kidney to respond to aldosterone. 
In severe aldosterone deficiency, as occurs with congenital adrenal 
hyperplasia because of 21α-hydroxylase deficiency, the hyperkalemia 
and metabolic acidosis are accompanied by hyponatremia and volume 
depletion from renal salt wasting. Incomplete aldosterone deficiency 
causes less severe electrolyte disturbances; children may have isolated 
hyperkalemic RTA, hyperkalemia without acidosis, or isolated hypona-
tremia. Patients may have aldosterone deficiency caused by decreased 
renin production by the kidney; renin normally stimulates aldosterone 
synthesis. Children with hyporeninemic hypoaldosteronism usually 
have either isolated hyperkalemia or hyperkalemic RTA. The manifes-
tations of aldosterone resistance depend on the severity of the resis-
tance. In the autosomal recessive form of pseudohypoaldosteronism 
type I, which is the result of an absence of the sodium channel that 
normally responds to aldosterone, there is often severe salt wasting 
and hyponatremia. In contrast, the aldosterone resistance in kidney 
transplant recipients usually produces either isolated hyperkalemia or 
hyperkalemic RTA; hyponatremia is unusual. Similarly, the medica-
tions that cause hyperkalemic RTA do not cause hyponatremia. Pseu-
dohypoaldosteronism type II, an autosomal dominant disorder also 
known as Gordon syndrome, is a unique cause of hyperkalemic RTA 
because the genetic defect causes volume expansion and hypertension.

Children with abnormal urinary tracts, usually secondary to con-
genital malformations, may require diversion of urine through intes-
tinal segments. Ureterosigmoidostomy, anastomosis of a ureter to the 
sigmoid colon, almost always produces a metabolic acidosis and hypo-
kalemia. Consequently, ileal conduits are the more commonly used 
procedure, although there is still a risk of a metabolic acidosis.

The appropriate metabolic compensation for a chronic respira-
tory alkalosis is a decrease in renal acid excretion. The resultant 
decrease in the serum [HCO3

−] lessens the alkalemia caused by the 
respiratory alkalosis. If the respiratory alkalosis resolves quickly, 
the patient continues to have a decreased serum [HCO3

−], causing 
acidemia as the result of a metabolic acidosis. This resolves over 1-2 
days through increased acid excretion by the kidneys.

Lactic acidosis (l-lactic) typically occurs when inadequate oxy-
gen delivery to the tissues leads to anaerobic metabolism and excess 
production of lactic acid. Lactic acidosis may be secondary to shock, 
severe anemia, or hypoxemia. When the underlying cause of the 
lactic acidosis is alleviated, the liver is able to metabolize the accu-
mulated lactate into bicarbonate, correcting the metabolic acidosis. 
There is normally some tissue production of lactate metabolized 
by the liver. In children with severe liver dysfunction, impair-
ment of lactate metabolism may produce a lactic acidosis. Rarely, 
a metabolically active malignancy grows so fast that its blood sup-
ply becomes inadequate, with resultant anaerobic metabolism and 
lactic acidosis. Patients who have short bowel syndrome resulting 
from small bowel resection can have bacterial overgrowth. In these 
patients, excessive intestinal bacterial metabolism of glucose into 
d-lactic acid can cause a lactic acidosis. Lactic acidosis occurs in 
a variety of inborn errors of metabolism, especially those affect-
ing mitochondrial oxidation (see Chapters 107.4 and 108). Medica-
tions also can cause lactic acidosis. Nucleoside reverse transcriptase 
inhibitors that are used to treat HIV infection inhibit mitochondrial 
replication; lactic acidosis is a rare complication, although elevated 
serum lactate concentrations without acidosis are quite common. 
Metformin, used to treat type 2 diabetes mellitus, is most likely to 
cause a lactic acidosis in patients with chronic kidney disease. High 
dosages and prolonged use of propofol can cause lactic acidosis. 
Propylene glycol is a diluent in a variety of oral and IV medications; 
excessive intake causes a lactic acidosis, principally from accumula-
tion of d-lactic acid. Linezolid is another medication that may cause 
a lactic acidosis

Table 73.13    � Causes of Metabolic Acidosis

NORMAL ANION GAP
Diarrhea
RTA

Distal (type I) RTA (OMIM 179800/602722/267300/611590)*
Proximal (type II) RTA (OMIM 604278)†
Mixed (type III) RTA (OMIM 259730)
Hyperkalemic (type IV) RTA (OMIM 201910/264350/177735/145260)‡
Urinary tract diversions
Posthypocapnia
Ammonium chloride intake

INCREASED ANION GAP
Lactic Acidosis
Tissue hypoxia

Shock
Hypoxemia
Severe anemia
Liver failure
Malignancy
Intestinal bacterial overgrowth
Inborn errors of metabolism
Medications

Nucleoside reverse transcriptase inhibitors
Metformin
Propofol
Linezolid

Ketoacidosis
Diabetic ketoacidosis
Starvation ketoacidosis
Alcoholic ketoacidosis

Kidney Failure
Poisoning
Ethylene glycol
Methanol
Salicylate
Toluene
Paraldehyde

*Along with these genetic disorders, distal RTA may be secondary to renal disease or 
medications.

†Most cases of proximal RTA are not caused by this primary genetic disorder. Proximal 
RTA is usually part of Fanconi syndrome, which has multiple etiologies.

‡Hyperkalemic RTA can be secondary to a genetic disorder (some of the more common 
are listed) or other etiologies.

OMIM, database number from the Online Mendelian Inheritance in Man (http://www.nc
bi.nlm.nih.gov/omim); RTA, renal tubular acidosis.
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A child with repeated vomiting has metabolic alkalosis and low urine chloride. Which category
best matches the table?

A. Chloride-responsive alkalosis due to gastric loss

B. Chloride-resistant mineralocorticoid excess

C. Respiratory alkalosis from hyperventilation

D. High-anion-gap acidosis

E. Pseudohypokalemia
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include the possibility of causing hypernatremia or volume overload. 
Furthermore, the patient may have overcorrection of the metabolic 
acidosis once the underlying disorder resolves, because metabolism 
of lactate or ketoacids generates bicarbonate. The rapid change from 
acidemia to alkalemia can cause a variety of problems, including hypo-
kalemia and hypophosphatemia. Bicarbonate therapy increases the 
generation of CO2, which can accumulate in patients with respiratory 
failure. Because CO2 readily diffuses into cells, the administration of 
bicarbonate can lower the intracellular pH, potentially worsening cell 
function. Base therapy is usually reserved for children with severe 
acute lactic acidosis and severe DKA.

Oral base therapy is given to children with chronic metabolic acido-
sis. Sodium bicarbonate tablets are available for older children. Younger 
children generally take citrate solutions; the liver generates bicarbonate 
from citrate. Citrate solutions are available as sodium citrate, potas-
sium citrate, and a 1:1 mix of sodium citrate and potassium citrate. 
The patient’s potassium needs dictate the choice. Children with type 
I or type II RTA may have hypokalemia and benefit from potassium 
supplements, but most children with chronic kidney failure cannot tol-
erate additional potassium.

Oral or IV base can be used in acute metabolic acidosis; IV therapy 
is generally used when a rapid response is necessary. Sodium bicar-
bonate may be given as a bolus, usually at a dose of 1 mEq/kg, in an 
emergency situation. Another approach is to add sodium bicarbonate 
or sodium acetate to the patient’s IV fluids, remembering to remove 
an equal amount of sodium chloride from the solution to avoid giv-
ing an excessive sodium load. Careful monitoring is mandatory so that 
the dose of base can be titrated appropriately. Tris(hydroxymethyl)
aminomethane (tromethamine, THAM) is an option in patients with 
a metabolic acidosis and a respiratory acidosis, because it neutralizes 
acids without releasing CO2. THAM also diffuses into cells and there-
fore provides intracellular buffering.

Hemodialysis is another option for correcting a metabolic acido-
sis, and it is an appropriate choice in patients with renal insufficiency, 
especially if significant uremia or hyperkalemia is also present. Hemo-
dialysis is advantageous for correcting the metabolic acidosis caused 
by methanol or ethylene glycol intoxication, because hemodialysis effi-
ciently removes the offending toxin. In addition, these patients often 
have a severe metabolic acidosis that does not respond easily to IV 
bicarbonate therapy. Peritoneal dialysis is another option for correct-
ing the metabolic acidosis due to chronic kidney disease.

Many causes of metabolic acidosis require specific therapy. Admin-
istration of a glucocorticoid and a mineralocorticoid is necessary in 
patients with adrenal insufficiency. Patients with DKA require insu-
lin therapy, whereas patients with lactic acidosis respond to mea-
sures that alleviate tissue hypoxia. Along with correction of acidosis, 
patients with methanol or ethylene glycol ingestion should receive an 
agent that prevents the breakdown of the toxic substance to its toxic 
metabolites. Fomepizole has supplanted ethanol as the treatment of 
choice. These agents work by inhibiting alcohol dehydrogenase, the 
enzyme that performs the first step in the metabolism of ethylene 
glycol or methanol. There are a variety of disease-specific therapies 
for patients with a metabolic acidosis resulting from an inborn error 
of metabolism. 

METABOLIC ALKALOSIS
Metabolic alkalosis in children is most often secondary to emesis or 
diuretic use. The serum bicarbonate concentration is increased with a 
metabolic alkalosis, although a respiratory acidosis also leads to a com-
pensatory elevation of the serum [HCO3

−]. With a simple metabolic 
alkalosis, however, the pH is elevated; alkalemia is present. Patients 
with a respiratory acidosis are acidemic. Decreasing ventilation causes 
appropriate respiratory compensation for a metabolic alkalosis. Pco2 
increases by 7 mm Hg for each 10 mEq/L increase in the serum 
[HCO3

−]. Appropriate respiratory compensation never exceeds a Pco2 
of 55-60 mm Hg. The patient has a concurrent respiratory alkalosis 

if the Pco2 is lower than the expected compensation. A greater than 
expected Pco2 occurs with a concurrent respiratory acidosis.

Etiology and Pathophysiology
The kidneys normally respond promptly to a metabolic alkalosis by 
increasing base excretion. Two processes are therefore usually present 
to produce a metabolic alkalosis: (1) the generation of the metabolic 
alkalosis, which requires the addition of base to the body, and (2) the 
maintenance of the metabolic alkalosis, which requires impairment in 
the kidney’s ability to excrete base.

The etiologies of a metabolic alkalosis are divided into two catego-
ries based on the urinary chloride level (Table 73.14). The alkalosis 
in patients with a low urinary [Cl−] is maintained by volume deple-
tion; thus volume repletion is necessary for correction of the alkalosis. 
The volume depletion in these patients is caused by losses of Na+ and 
K+, but the loss of Cl− is usually greater than the losses of Na+ and K+ 
combined. Because Cl− losses are the dominant cause of the volume 
depletion, these patients require Cl− to correct the volume depletion 
and metabolic alkalosis; they are said to have Cl−-responsive meta-
bolic alkalosis. In contrast, the alkalosis in a patient with an elevated 
urinary [Cl−] does not respond to volume repletion and so is termed 
Cl−-resistant metabolic alkalosis.

Table 73.14    � Causes of Metabolic Alkalosis

CHLORIDE-RESPONSIVE (URINARY CHLORIDE <15 MEQ/L)
Gastric losses

Emesis
Nasogastric suction

Diuretics (loop or thiazide)
Chloride-losing diarrhea (OMIM 214700)
Low chloride formula
Cystic fibrosis (OMIM 219700)
Posthypercapnia

CHLORIDE-RESISTANT (URINARY CHLORIDE >20 MEQ/L)
High Blood Pressure
Adrenal adenoma or hyperplasia
Glucocorticoid-remediable aldosteronism/Familial  

hyperaldosteronism type I (OMIM 103900)
Familial hyperaldosteronism type II (OMIM 605635)
Familial hyperaldosteronism type III (OMIM 613677)
Familial hyperaldosteronism type IV (OMIM 617027)
Renovascular disease
Renin-secreting tumor
17α-Hydroxylase deficiency (OMIM 202110)
11β-Hydroxylase deficiency (OMIM 202010)
Cushing syndrome
11β-Hydroxysteroid dehydrogenase deficiency (OMIM 218030)
Licorice ingestion
Liddle syndrome (OMIM 177200)

Normal Blood Pressure
Gitelman syndrome (OMIM 263800)
Bartter syndrome (OMIM 241200/607364/602522/601678/300971/60

1198/613090)
Autosomal dominant hypoparathyroidism (OMIM 146200)
EAST syndrome (OMIM 612780)
Hyperuricemia, Pulmonary Hypertension, Renal Failure in Infancy and 
Alkalosis, HUPRA Syndrome (OMIM 613845)

Autosomal dominant kidney hypomagnesemia due to RRAGD  
variant (OMIM not assigned)

Base administration

EAST, Epilepsy, ataxia, sensorineural hearing loss, and tubulopathy; OMIM, database 
number from the Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.go
v/omim).
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A child given excessive opioid medication becomes hypoventilated and has elevated PaCO2.
Which category in the respiratory-acidosis table fits?

A. Central nervous system respiratory depression

B. Compensatory response to primary respiratory alkalosis

C. Increased pulmonary ventilation

D. Excess renal bicarbonate excretion

E. Isolated phosphate loss
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be increased, and the patient has a metabolic alkalosis. Because of the 
Cl− deficit, this is a chloride-responsive metabolic alkalosis; it corrects 
once the patient’s Cl− deficit is replaced.

A mixed disorder is present if the metabolic compensation is inap-
propriate. A higher than expected bicarbonate value occurs in the set-
ting of a concurrent metabolic alkalosis, and a lower than expected 
bicarbonate value occurs in the setting of a concurrent metabolic aci-
dosis. Evaluating whether compensation is appropriate during a respi-
ratory acidosis requires clinical knowledge of the acuity of the process, 
because the expected compensation is different, depending on whether 
the process is acute or chronic.

The Pco2 cannot be interpreted in isolation to determine whether 
a patient has a respiratory acidosis. A respiratory acidosis is always 
present if a patient has acidemia and an elevated Pco2. However, an 
elevated Pco2 also occurs as appropriate respiratory compensation 
for a simple metabolic alkalosis. The patient is alkalemic; this is not a 
respiratory acidosis. During a mixed disturbance, a patient can have 
a respiratory acidosis and a normal or even low Pco2. This condi-
tion may occur in a patient with a metabolic acidosis. A respiratory 
acidosis is present if the patient does not have appropriate respiratory 

compensation (the Pco2 is higher than expected from the severity of 
the metabolic acidosis).

Etiology and Pathophysiology
The causes of a respiratory acidosis are either pulmonary or nonpul-
monary (Table 73.15). CNS disorders can decrease the activity of the 
central respiratory center, reducing ventilatory drive. A variety of med-
ications and illicit drugs suppress the respiratory center. The signals 
from the respiratory center need to be transmitted to the respiratory 
muscles via the nervous system. Respiratory muscle failure can be sec-
ondary to disruption of the signal from the CNS in the spinal cord, 
the phrenic nerve, or the neuromuscular junction. Disorders directly 
affecting the muscles of respiration can prevent adequate ventilation, 
causing a respiratory acidosis.

Mild or moderate lung disease often causes a respiratory alkalosis as 
a result of hyperventilation secondary to hypoxia or stimulation of lung 
mechanoreceptors or chemoreceptors. Only more severe lung disease 
causes a respiratory acidosis. Upper airway diseases, by impairing air 
entry into the lungs, may decrease ventilation, producing a respiratory 
acidosis.

Table 73.15    � Causes of Respiratory Acidosis

CENTRAL NERVOUS SYSTEM DEPRESSION
Encephalitis
Head trauma
Brain tumor
Central sleep apnea
Primary pulmonary hypoventilation (Ondine curse)
Stroke
Hypoxic brain damage
Obesity-hypoventilation (Pickwickian) syndrome
Increased intracranial pressure
Medications

Narcotics
Barbiturates
Anesthesia
Benzodiazepines
Propofol
Alcohols

DISORDERS OF SPINAL CORD, PERIPHERAL NERVES, OR 
NEUROMUSCULAR JUNCTION
Diaphragmatic paralysis
Guillain-Barré syndrome
Poliomyelitis
Acute flaccid myelitis
Spinal muscular atrophies
Tick paralysis
Botulism
Myasthenia
Multiple sclerosis
Spinal cord injury
Medications

Vecuronium
Aminoglycosides
Organophosphates (pesticides)

RESPIRATORY MUSCLE WEAKNESS
Muscular dystrophy
Hypothyroidism
Malnutrition
Hypokalemia
Hypophosphatemia
Medications

Succinylcholine
Corticosteroids

PULMONARY DISEASE
Pneumonia
Pneumothorax
Asthma
Bronchiolitis
Pulmonary edema
Pulmonary hemorrhage
Acute respiratory distress syndrome
Neonatal respiratory distress syndrome
Cystic fibrosis
Bronchopulmonary dysplasia
Hypoplastic lungs
Meconium aspiration
Pulmonary thromboembolus
Interstitial fibrosis

UPPER AIRWAY DISEASE
Aspiration
Laryngospasm
Angioedema
Obstructive sleep apnea
Tonsillar hypertrophy
Vocal cord paralysis
Extrinsic tumor
Extrinsic or intrinsic hemangioma

MISCELLANEOUS
Flail chest
Cardiac arrest
Kyphoscoliosis
Decreased diaphragmatic movement due to ascites or peritoneal 

dialysis
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A child with pneumonia is tachypneic and has reduced PaCO2. Which listed path to respiratory
alkalosis applies?

A. Hypoxemia and lung receptor stimulation

B. Primary renal bicarbonate retention

C. Opioid-induced hypoventilation

D. Diaphragmatic paralysis

E. Severe airway obstruction with CO2 retention
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A metabolic acidosis is the dominant acid-base disturbance in a 
patient with acidemia and a low Pco2, even though there could still 
be a concurrent respiratory alkalosis. In contrast, a respiratory alka-
losis is always present in a patient with alkalemia and a low Pco2. 
Even a normal Pco2 value may be consistent with a respiratory alka-
losis in a patient with a metabolic alkalosis, because an elevated Pco2 
is expected as part of appropriate respiratory compensation for the 
metabolic alkalosis.

Etiology and Pathophysiology
A variety of stimuli can increase the ventilatory drive and cause a respi-
ratory alkalosis (Table 73.16). Arterial hypoxemia or tissue hypoxia 
stimulates peripheral chemoreceptors to signal the central respiratory 
center in the medulla to increase ventilation. The resultant greater 
respiratory effort increases the oxygen content of the blood (Po2) but 
depresses the Pco2. The effect of hypoxemia on ventilation begins 
when the arterial oxygen saturation (Sao2) decreases to approximately 
90% (Po2 = 60 mm Hg), and hyperventilation increases as hypoxemia 
worsens. Acute hypoxia is a more potent stimulus for hyperventilation 

Table 73.16    � Causes of Respiratory Alkalosis

HYPOXEMIA OR TISSUE HYPOXIA
Pneumonia
Pulmonary edema
Cyanotic heart disease
Congestive heart failure
Asthma
Severe anemia
High altitude
Laryngospasm
Aspiration
Carbon monoxide poisoning
Pulmonary embolism
Interstitial lung disease
Hypotension

LUNG RECEPTOR STIMULATION
Pneumonia
Pulmonary edema
Asthma
Pulmonary embolism
Hemothorax
Pneumothorax
Respiratory distress syndrome (adult or infant)

CENTRAL STIMULATION
Central nervous system disease

Subarachnoid hemorrhage
Encephalitis or meningitis
Trauma
Brain tumor
Stroke

Fever
Pain
Anxiety (panic attack)
Psychogenic hyperventilation or anxiety
Liver failure
Sepsis
Pregnancy
Mechanical ventilation
Hyperammonemia
Extracorporeal membrane oxygenation or hemodialysis
Medications

Salicylate intoxication
Theophylline
Progesterone
Exogenous catecholamines
Caffeine

than chronic hypoxia; thus chronic hypoxia, as occurs in cyanotic heart 
disease, causes a much less severe respiratory alkalosis than an equiva-
lent degree of acute hypoxia. The many causes of hypoxemia or tissue 
hypoxia include primary lung disease, severe anemia, and carbon mon-
oxide (CO) poisoning.

The lungs contain chemoreceptors and mechanoreceptors that 
respond to irritants and stretching and send signals to the respiratory 
center to increase ventilation. Aspiration or pneumonia may stimulate 
the chemoreceptors, whereas pulmonary edema may stimulate the 
mechanoreceptors. Most of the diseases that activate these receptors 
may also cause hypoxemia and can therefore potentially lead to hyper-
ventilation by two mechanisms. Patients with primary lung disease 
may initially have a respiratory alkalosis, but worsening of the disease, 
combined with respiratory muscle fatigue, often causes respiratory fail-
ure and the development of a respiratory acidosis.

Hyperventilation in the absence of lung disease occurs with direct 
stimulation of the central respiratory center. This occurs with CNS dis-
eases such as meningitis, hemorrhage, and trauma. Central hyperven-
tilation caused by lesions, such as infarcts or tumors near the central 
respiratory center in the midbrain, increases the rate and depth of the 
respiratory effort. This respiratory pattern portends a poor prognosis 
because these midbrain lesions are frequently fatal. Systemic processes 
may cause centrally mediated hyperventilation. Although the exact 
mechanisms are not clear, liver disease causes a respiratory alkalosis 
that is usually proportional to the degree of liver failure. Pregnancy 
causes a chronic respiratory alkalosis, probably mediated by progester-
one acting on the respiratory centers. Salicylates, although often caus-
ing a concurrent metabolic acidosis, directly stimulate the respiratory 
center to produce a respiratory alkalosis. The respiratory alkalosis dur-
ing sepsis is probably caused by cytokine release.

Hyperventilation may be secondary to an underlying disease that 
causes pain, stress, or anxiety. In psychogenic hyperventilation or in 
panic attacks, there is no disease process accounting for the hyperven-
tilation. This disorder may occur in a child who has had an emotionally 
stressful experience. Alternatively, it may be part of a panic disorder, 
especially if there are repeated episodes of hyperventilation. In such a 
patient, the symptoms of acute alkalemia increase anxiety, potentially 
perpetuating the hyperventilation.

A respiratory alkalosis is quite common in children receiving 
mechanical ventilation because the respiratory center is not controlling 
ventilation. In addition, these children may have a decreased metabolic 
rate and thus less CO2 production because of sedation and paralytic 
medications. Normally, decreased CO2 production and the resultant 
hypocapnia decrease ventilation, but this physiologic response cannot 
occur in a child who cannot reduce ventilatory effort. 

Clinical Manifestations
The disease process causing the respiratory alkalosis is usually more 
concerning than the clinical manifestations. Chronic respiratory 
alkalosis is usually asymptomatic because metabolic compensation 
decreases the magnitude of the alkalemia.

Acute respiratory alkalosis may cause chest tightness, palpita-
tions, lightheadedness, circumoral numbness, and paresthesias of the 
extremities. Less common manifestations include tetany, seizures, 
muscle cramps, and syncope. The lightheadedness and syncope prob-
ably result from the reduction in cerebral blood flow caused by hypo-
capnia. The reduction in cerebral blood flow is the rationale for using 
hyperventilation to treat children with increased intracranial pressure 
(ICP). The paresthesias, tetany, and seizures may be partially related 
to the reduction in ionized calcium that occurs because alkalemia 
causes more calcium to bind to albumin. A respiratory alkalosis also 
causes a mild reduction in the serum potassium level. Patients with 
psychogenic hyperventilation tend to be symptomatic because of the 
respiratory alkalosis, and these symptoms, along with a sensation of 
breathlessness, exacerbate the hyperventilation. 

Diagnosis
In many patients, hyperventilation producing a respiratory alkalosis is 
not clinically detectable, even with careful observation of the patient’s 
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A stable inpatient child needs routine maintenance fluids while unable to eat. Which goal is
explicitly listed in the table?

A. Prevent dehydration and electrolyte disturbance

B. Replace blood loss from an active hemorrhage as the only goal

C. Treat intracranial hypertension

D. Induce ketoacidosis

E. Eliminate all urine output
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respiratory effort. Metabolic compensation for a respiratory alkalosis 
causes a low serum [HCO3

−]. When hyperventilation is not appreci-
ated and only serum electrolytes are evaluated, there is often a pre-
sumptive diagnosis of a metabolic acidosis. If a respiratory alkalosis is 
suspected, only ABG determination can make the diagnosis.

Hyperventilation does not always indicate a primary respiratory dis-
order. In some patients, the hyperventilation is appropriate respiratory 
compensation for a metabolic acidosis. With a primary metabolic aci-
dosis, acidemia is present, and the serum HCO3

− level is usually quite 
low if there is clinically detectable hyperventilation. In contrast, the 
serum HCO3

− level never goes below 17 mEq/L as part of the metabolic 
compensation for acute respiratory alkalosis, and simple acute respira-
tory alkalosis causes alkalemia.

The etiology of a respiratory alkalosis is often apparent from the 
physical examination or history, and it may consist of lung disease, 
neurologic disease, or cyanotic heart disease. Hypoxemia is a common 
cause of hyperventilation, and it is important to diagnose because it 
suggests a significant underlying disease that requires expeditious treat-
ment. Hypoxemia may be detected on physical examination (cyanosis) 
or by pulse oximetry. However, normal pulse oximetry values do not 
eliminate hypoxemia as the etiology of the hyperventilation. There are 
two reasons why pulse oximetry is not adequate for eliminating hypox-
emia as a cause of a respiratory alkalosis. First, pulse oximetry is not 
very sensitive at detecting a mildly low arterial Po2 (Pao2). Second, the 
hyperventilation during a respiratory alkalosis causes Pao2 to increase, 
possibly to a level that is not identified as abnormal by pulse oximetry. 
Only ABG measurement can eliminate hypoxia as an explanation for 
a respiratory alkalosis. Along with hypoxemia, it is important to con-
sider processes that cause tissue hypoxia without necessarily causing 
hypoxemia. Examples are CO or cyanide poisoning, severe anemia, 
and heart failure.

Lung disease without hypoxemia may cause hyperventilation. 
Although lung disease is often apparent by history or physical exami-
nation, a chest radiograph may detect more subtle disease. The patient 
with a pulmonary embolism may have benign chest radiograph find-
ings, normal Pao2, and isolated respiratory alkalosis, although hypoxia 
may eventually occur. Diagnosis of a pulmonary embolism requires a 
high index of suspicion and should be considered in children without 
another explanation for respiratory alkalosis, especially if risk factors 
are present, such as prolonged bed rest and a hypercoagulable state 
(e.g., nephrotic syndrome, lupus anticoagulant). 

Treatment
There is seldom a need for specific treatment of respiratory alkalosis. 
Rather, treatment focuses on the underlying disease. Mechanical ven-
tilator settings are adjusted to correct iatrogenic respiratory alkalosis, 
unless the hyperventilation has a therapeutic purpose (e.g., treatment 
of increased ICP).

For the patient with hyperventilation secondary to anxiety, efforts 
should be undertaken to reassure the child, usually enlisting the par-
ents. Along with reassurance, patients with psychogenic hyperventila-
tion may benefit from benzodiazepines. During an acute episode of 
psychogenic hyperventilation, rebreathing into a paper bag increases 
the patient’s Pco2. Using a paper bag instead of a plastic bag allows 
adequate oxygenation but permits [CO2] in the bag to increase. The 
resultant increase in the patient’s Pco2 decreases the symptoms of 
the respiratory alkalosis that tend to perpetuate the hyperventilation. 
Rebreathing should be performed only when other causes of hyperven-
tilation have been eliminated; pulse oximetry during the rebreathing 
is prudent.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Maintenance intravenous (IV) fluids are used in a child who cannot be 
fed enterally. Along with maintenance fluids, children may require concur-
rent replacement fluids if they have continued excessive losses, as may 
occur with drainage from a nasogastric (NG) tube or with high urine out-
put because of nephrogenic diabetes insipidus. If dehydration is present, 
the patient also needs to receive deficit replacement (see Chapter 75). A 
child awaiting surgery may need only maintenance fluids, whereas a child 
with diarrheal dehydration needs maintenance and deficit therapy and 
also may require replacement fluids if significant diarrhea continues.

MAINTENANCE THERAPY
Children normally have large variations in their daily intake of water and 
electrolytes. The only exceptions are patients who receive fixed dietary reg-
imens orally, via a gastric tube, or as IV total parenteral nutrition (TPN). 
Healthy children can tolerate significant variations in intake because of the 
many homeostatic mechanisms that can adjust absorption and excretion 
of water and electrolytes (see Chapter 73). The calculated water and elec-
trolyte need that form the basis of maintenance therapy are not absolute 
requirements. Rather, these calculations provide reasonable guidelines for 
a starting point to estimate IV therapy. Children do not need to be started 
on IV fluids simply because their intake is being monitored in a hospital 
and they are not taking “maintenance fluids” orally, unless there is a patho-
logic process present that necessitates high fluid intake.

Maintenance fluids are most often necessary in preoperative and 
postoperative surgical patients; many nonsurgical patients also require 
maintenance fluids. It is important to recognize when it is necessary 
to begin maintenance fluids. A normal teenager who is given nothing 
by mouth (NPO) overnight for a morning procedure does not require 
maintenance fluids because a healthy adolescent can easily tolerate 12-
18 hours without oral intake. In contrast, a 6-month-old child waiting 
for surgery should begin receiving IV fluids within 8 hours of the last 
feeding. Infants become dehydrated more quickly than older patients. A 
child with obligatory high urine output from nephrogenic diabetes insip-
idus should begin receiving IV fluids soon after being classified as NPO.

Maintenance fluids are composed of a solution of water, glucose, sodium 
(Na+), and potassium (K+). This solution has the advantages of simplicity, 
long shelf life, low cost, and compatibility with peripheral IV administration. 
Such a solution accomplishes the major objectives of maintenance fluids 
(Table 74.1). Patients lose water, Na+, and K+ in their urine and stool; water 
is also lost from the skin and lungs. Maintenance fluids replace these losses, 
thereby avoiding the development of dehydration and Na+ or K+ deficiency.

Chapter 74

Maintenance and 
Replacement Therapy
Larry A. Greenbaum

Table 74.1    � Goals of Maintenance Fluids

	•	 �Prevent dehydration

	•	 �Prevent electrolyte disorders

	•	 �Prevent ketoacidosis

	•	 �Prevent protein degradation
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Using the body-weight method in the table, what is the approximate daily maintenance fluid
volume for a stable 15-kg child before other adjustments?

A. 750 mL

B. 1,000 mL

C. 1,250 mL

D. 1,500 mL

E. 2,000 mL

Original table 74.2  |  Nelson printed p. 526  |  PDF p. 573

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10
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The glucose in maintenance fluids provides approximately 20% of 
the normal caloric needs of the patient, prevents the development of 
starvation ketoacidosis, and diminishes the protein degradation that 
would occur if the patient received no calories. Maintenance fluids do 
not provide adequate calories, protein, fat, minerals, or vitamins. This 
fact is typically not problematic for a patient receiving IV fluids for a 
few days. A patient receiving maintenance IV fluids is receiving inad-
equate calories and will lose 0.5–1% of weight each day. It is impera-
tive that patients not remain on maintenance therapy indefinitely; TPN 
should be used for children who cannot be fed enterally for more than a 
few days, especially patients with underlying malnutrition.

Prototypical maintenance fluid therapy does not provide elec-
trolytes such as calcium, phosphorus, magnesium, and bicarbon-
ate. For most patients, this lack is not problematic for a few days, 
although there are patients who will not tolerate this omission, usu-
ally because of excessive losses. A child with proximal renal tubu-
lar acidosis wastes bicarbonate in urine. Such a patient will rapidly 
become acidemic unless bicarbonate (or another base) is added to 
the maintenance fluids. It is important to remember the limitations 
of maintenance fluid therapy. 

MAINTENANCE WATER
Water is a crucial component of maintenance fluid therapy because 
of the obligatory daily water losses. These losses are both measurable 
(urine, stool) and not measurable (insensible losses from the skin and 
lungs). Failure to replace these losses leads to a child who is thirsty, 
uncomfortable, and ultimately dehydrated.

The goal of maintenance water is to provide enough water to 
replace these losses. Although urinary losses are approximately 60% 
of the total, the normal kidney can greatly modify water losses, with 
daily urine volume potentially varying by more than a factor of 20. 
Maintenance water is designed to provide enough water so that the 
kidney does not need to significantly dilute or concentrate the urine. 
It also provides a margin of safety so that normal homeostatic mecha-
nisms can adjust urinary water losses to prevent overhydration and 
dehydration. This adaptability obviates the need for absolute preci-
sion in determining water requirements. This fact is important, given 
the absence of absolute accuracy in the formulas for calculation of 
water needs.

Table 74.2 provides a system for calculating maintenance water 
on the basis of the patient’s weight and emphasizes the high water 
needs of smaller, less mature patients. This approach is reliable, 
although calculations based on weight do overestimate the water 
needs of an overweight child, in whom it is better to base the cal-
culations on the lean body weight, which can be estimated by using 
the 50th percentile of body weight for the child’s height. It is also 
important to remember that there is an upper limit of 2.4 L/24 hr 

in adult-sized patients. IV fluids are written as an hourly rate. The 
formulas in Table 74.3 enable rapid calculation of the rate of main-
tenance fluids. 

INTRAVENOUS SOLUTIONS
The components of available solutions are shown in Table 74.4. These 
solutions are available with 5% dextrose (D5), 10% dextrose (D10), or 
without dextrose. Except for Ringer lactate (lactated Ringer, LR), they 
are also available with added potassium (10 or 20 mEq/L). A balanced 
IV fluid contains a base (lactate or acetate), a more physiologic chloride 
concentration than normal saline (NS), and additional physiologic con-
centrations of electrolytes such as potassium, calcium, and magnesium. 
Examples include LR and Plasma-Lyte, and there is evidence suggest-
ing benefit versus NS in some but not all clinical situations. A hospi-
tal pharmacy can also prepare custom-made solutions with different 
concentrations of sodium or potassium. In addition, other electrolytes, 
such as calcium, magnesium, phosphate, acetate, and bicarbonate, can 
be added to IV solutions. Custom-made solutions take time to prepare 
and are much more expensive than commercial solutions. The use of 
custom-made solutions is necessary only for patients who have under-
lying disorders that cause significant electrolyte imbalances. The use of 
commercial solutions saves time and expense.

A normal plasma osmolality is 285-295 mOsm/kg. Infusing an IV 
solution peripherally with a much lower osmolality can cause water to 
move into red blood cells, leading to hemolysis. Thus IV fluids are gen-
erally designed to have an osmolality that is either close to 285 or greater 
(fluids with moderately higher osmolality do not cause problems). 
Thus 0.2NS (osmolality = 68) should not be administered peripherally, 
but D5 0.2NS (osmolality = 346) or D5 1/2NS + 20 mEq/L potassium 
chloride (KCl) with an osmolality of 472 can be administered.

Hypotonic fluids seem more physiologic given the low Na+ content 
of breast milk and formula (∼7 mEq/L). However, hospitalized chil-
dren often have impaired water excretion because of volume depletion 
or nonosmotic stimuli for antidiuretic hormone (ADH) production, 
such as respiratory disease, central nervous system disease, stress, pain, 
nausea, and medications (e.g., narcotics). Hypotonic fluids increase the 
risk of hyponatremia, which may have serious sequelae; hence, isotonic 
fluids with D5 are recommended as standard maintenance fluid except 
in neonates <28 days of age. 

GLUCOSE
Maintenance fluids usually contain D5, which provides 17 calories/100 
mL and nearly 20% of the daily caloric needs. This level is enough to 
prevent ketone production and helps minimize protein degradation, 
but the child will lose weight on this regimen. Maintenance fluids are 
also lacking in such crucial nutrients as protein, fat, vitamins, and min-
erals. Hence, a patient needs to be started on TPN after a few days of 
maintenance fluids if enteral feedings are still not possible. 

SELECTION OF MAINTENANCE FLUIDS
An isotonic fluid (NS, LR, Plasma-Lyte) with D5 and KCl (10-20 
mEq/L is usually added to NS) is recommended for maintenance IV 
fluids. Surgical patients typically receive isotonic fluids (NS, LR) dur-
ing surgery and in the recovery room for 6-8 hours postoperatively; the 
rate is typically approximately two thirds the calculated maintenance 
rate, with dextrose added if clinically indicated. Subsequent mainte-
nance fluids have the addition of D5 and 10-20 mEq/L KCl based on 
the serum K+ and the clinical setting. Electrolytes should be measured 
at least daily in all children receiving >50% of maintenance fluids intra-
venously unless the child is receiving prolonged IV fluids (TPN).

These guidelines assume that no disease process is present that 
would require an adjustment in either the volume or the electrolyte 
composition of maintenance fluids. Neonates, and especially prema-
ture infants, are outside the scope of these guidelines given their unique 
physiology. Children with renal insufficiency may be hyperkalemic or 
unable to excrete K+ and may not tolerate 10 or 20 mEq/L of potassium. 
Patients with persistent ADH production because of an underlying 
disease process (syndrome of inappropriate ADH secretion, conges-
tive heart failure, nephrotic syndrome, liver disease) should receive less 

Table 74.3    � Hourly Maintenance Water Rate

For body weight 0-10 kg: 4 mL/kg/hr

For body weight 10-20 kg: 40 mL/hr + 2 mL/kg/hr × (wt − 10 kg)

For body weight >20 kg: 60 mL/hr + 1 mL/kg/hr × (wt − 20 kg)*

*The maximum fluid rate is normally 100 mL/hr.

Table 74.2    � Body Weight Method for Calculating Daily 
Maintenance Fluid Volume

BODY WEIGHT FLUID PER DAY

0-10 kg 100 mL/kg

11-20 kg 1,000 mL + 50 mL/kg for each kg >10 kg

>20 kg 1,500 mL + 20 mL/kg for each kg >20 kg*

*The maximum total fluid per day is normally 2,400 mL.
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By the hourly maintenance-water formula, what is the approximate rate for a stable 25-kg child
before individualized adjustment?

A. 25 mL/hr

B. 40 mL/hr

C. 60 mL/hr

D. 65 mL/hr

E. 100 mL/hr

Original table 74.3  |  Nelson printed p. 526  |  PDF p. 573

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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The glucose in maintenance fluids provides approximately 20% of 
the normal caloric needs of the patient, prevents the development of 
starvation ketoacidosis, and diminishes the protein degradation that 
would occur if the patient received no calories. Maintenance fluids do 
not provide adequate calories, protein, fat, minerals, or vitamins. This 
fact is typically not problematic for a patient receiving IV fluids for a 
few days. A patient receiving maintenance IV fluids is receiving inad-
equate calories and will lose 0.5–1% of weight each day. It is impera-
tive that patients not remain on maintenance therapy indefinitely; TPN 
should be used for children who cannot be fed enterally for more than a 
few days, especially patients with underlying malnutrition.

Prototypical maintenance fluid therapy does not provide elec-
trolytes such as calcium, phosphorus, magnesium, and bicarbon-
ate. For most patients, this lack is not problematic for a few days, 
although there are patients who will not tolerate this omission, usu-
ally because of excessive losses. A child with proximal renal tubu-
lar acidosis wastes bicarbonate in urine. Such a patient will rapidly 
become acidemic unless bicarbonate (or another base) is added to 
the maintenance fluids. It is important to remember the limitations 
of maintenance fluid therapy. 

MAINTENANCE WATER
Water is a crucial component of maintenance fluid therapy because 
of the obligatory daily water losses. These losses are both measurable 
(urine, stool) and not measurable (insensible losses from the skin and 
lungs). Failure to replace these losses leads to a child who is thirsty, 
uncomfortable, and ultimately dehydrated.

The goal of maintenance water is to provide enough water to 
replace these losses. Although urinary losses are approximately 60% 
of the total, the normal kidney can greatly modify water losses, with 
daily urine volume potentially varying by more than a factor of 20. 
Maintenance water is designed to provide enough water so that the 
kidney does not need to significantly dilute or concentrate the urine. 
It also provides a margin of safety so that normal homeostatic mecha-
nisms can adjust urinary water losses to prevent overhydration and 
dehydration. This adaptability obviates the need for absolute preci-
sion in determining water requirements. This fact is important, given 
the absence of absolute accuracy in the formulas for calculation of 
water needs.

Table 74.2 provides a system for calculating maintenance water 
on the basis of the patient’s weight and emphasizes the high water 
needs of smaller, less mature patients. This approach is reliable, 
although calculations based on weight do overestimate the water 
needs of an overweight child, in whom it is better to base the cal-
culations on the lean body weight, which can be estimated by using 
the 50th percentile of body weight for the child’s height. It is also 
important to remember that there is an upper limit of 2.4 L/24 hr 

in adult-sized patients. IV fluids are written as an hourly rate. The 
formulas in Table 74.3 enable rapid calculation of the rate of main-
tenance fluids. 

INTRAVENOUS SOLUTIONS
The components of available solutions are shown in Table 74.4. These 
solutions are available with 5% dextrose (D5), 10% dextrose (D10), or 
without dextrose. Except for Ringer lactate (lactated Ringer, LR), they 
are also available with added potassium (10 or 20 mEq/L). A balanced 
IV fluid contains a base (lactate or acetate), a more physiologic chloride 
concentration than normal saline (NS), and additional physiologic con-
centrations of electrolytes such as potassium, calcium, and magnesium. 
Examples include LR and Plasma-Lyte, and there is evidence suggest-
ing benefit versus NS in some but not all clinical situations. A hospi-
tal pharmacy can also prepare custom-made solutions with different 
concentrations of sodium or potassium. In addition, other electrolytes, 
such as calcium, magnesium, phosphate, acetate, and bicarbonate, can 
be added to IV solutions. Custom-made solutions take time to prepare 
and are much more expensive than commercial solutions. The use of 
custom-made solutions is necessary only for patients who have under-
lying disorders that cause significant electrolyte imbalances. The use of 
commercial solutions saves time and expense.

A normal plasma osmolality is 285-295 mOsm/kg. Infusing an IV 
solution peripherally with a much lower osmolality can cause water to 
move into red blood cells, leading to hemolysis. Thus IV fluids are gen-
erally designed to have an osmolality that is either close to 285 or greater 
(fluids with moderately higher osmolality do not cause problems). 
Thus 0.2NS (osmolality = 68) should not be administered peripherally, 
but D5 0.2NS (osmolality = 346) or D5 1/2NS + 20 mEq/L potassium 
chloride (KCl) with an osmolality of 472 can be administered.

Hypotonic fluids seem more physiologic given the low Na+ content 
of breast milk and formula (∼7 mEq/L). However, hospitalized chil-
dren often have impaired water excretion because of volume depletion 
or nonosmotic stimuli for antidiuretic hormone (ADH) production, 
such as respiratory disease, central nervous system disease, stress, pain, 
nausea, and medications (e.g., narcotics). Hypotonic fluids increase the 
risk of hyponatremia, which may have serious sequelae; hence, isotonic 
fluids with D5 are recommended as standard maintenance fluid except 
in neonates <28 days of age. 

GLUCOSE
Maintenance fluids usually contain D5, which provides 17 calories/100 
mL and nearly 20% of the daily caloric needs. This level is enough to 
prevent ketone production and helps minimize protein degradation, 
but the child will lose weight on this regimen. Maintenance fluids are 
also lacking in such crucial nutrients as protein, fat, vitamins, and min-
erals. Hence, a patient needs to be started on TPN after a few days of 
maintenance fluids if enteral feedings are still not possible. 

SELECTION OF MAINTENANCE FLUIDS
An isotonic fluid (NS, LR, Plasma-Lyte) with D5 and KCl (10-20 
mEq/L is usually added to NS) is recommended for maintenance IV 
fluids. Surgical patients typically receive isotonic fluids (NS, LR) dur-
ing surgery and in the recovery room for 6-8 hours postoperatively; the 
rate is typically approximately two thirds the calculated maintenance 
rate, with dextrose added if clinically indicated. Subsequent mainte-
nance fluids have the addition of D5 and 10-20 mEq/L KCl based on 
the serum K+ and the clinical setting. Electrolytes should be measured 
at least daily in all children receiving >50% of maintenance fluids intra-
venously unless the child is receiving prolonged IV fluids (TPN).

These guidelines assume that no disease process is present that 
would require an adjustment in either the volume or the electrolyte 
composition of maintenance fluids. Neonates, and especially prema-
ture infants, are outside the scope of these guidelines given their unique 
physiology. Children with renal insufficiency may be hyperkalemic or 
unable to excrete K+ and may not tolerate 10 or 20 mEq/L of potassium. 
Patients with persistent ADH production because of an underlying 
disease process (syndrome of inappropriate ADH secretion, conges-
tive heart failure, nephrotic syndrome, liver disease) should receive less 

Table 74.3    � Hourly Maintenance Water Rate

For body weight 0-10 kg: 4 mL/kg/hr

For body weight 10-20 kg: 40 mL/hr + 2 mL/kg/hr × (wt − 10 kg)

For body weight >20 kg: 60 mL/hr + 1 mL/kg/hr × (wt − 20 kg)*

*The maximum fluid rate is normally 100 mL/hr.

Table 74.2    � Body Weight Method for Calculating Daily 
Maintenance Fluid Volume

BODY WEIGHT FLUID PER DAY

0-10 kg 100 mL/kg

11-20 kg 1,000 mL + 50 mL/kg for each kg >10 kg

>20 kg 1,500 mL + 20 mL/kg for each kg >20 kg*

*The maximum total fluid per day is normally 2,400 mL.
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A clinician compares crystalloid solutions. Which sodium concentration is listed for 0.9%
normal saline?

A. 34 mEq/L

B. 77 mEq/L

C. 130 mEq/L

D. 154 mEq/L

E. 200 mEq/L

Original table 74.4  |  Nelson printed p. 527  |  PDF p. 574

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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than maintenance fluids. Children with meningitis are fluid restricted 
unless intravascular volume depletion is present (see Chapter 643.1). 
Treatment is individualized, and careful monitoring is critical.

In children with complicated pathophysiologic derangements, it 
may be necessary to adjust empirically the electrolyte composition 
and rate of maintenance fluids on the basis of electrolyte measure-
ments and assessment of fluid balance. In all children it is critical to 
monitor weight, urine output, and electrolytes carefully to identify 
overhydration or underhydration, hyponatremia, and other electrolyte 
disturbances, and then adjust the rate or composition of the IV solu-
tion accordingly. 

VARIATIONS IN MAINTENANCE WATER AND 
ELECTROLYTES
The calculation of maintenance water is based on standard assumptions 
regarding water losses. In some patients, however, these assumptions 
are incorrect. To identify such situations, it is helpful to understand the 
source and magnitude of normal water losses. Table 74.5 lists the three 
sources of normal water loss.

Urine is the most important contributor to normal water loss. Insen-
sible losses represent approximately one third of total maintenance 
water (40% in infants; 25% in adolescents and adults). Insensible losses 
are composed of evaporative losses from the skin and lungs that can-
not be quantitated. The evaporative losses from the skin do not include 
sweat, which would be considered an additional (sensible) source of 
water loss. Stool normally represents a minor source of water loss.

Maintenance water and electrolyte needs may be increased or 
decreased, depending on the clinical situation. This may be obvious, as 
in the infant with profuse diarrhea, or subtle, as in the patient who has 
decreased insensible losses while receiving mechanical ventilation. It is 
helpful to consider the sources of normal water and electrolyte losses 
and to determine whether any of these sources is being modified in a 
specific patient. It is then necessary to adjust maintenance water and 
electrolyte calculations.

Table 74.6 lists a variety of clinical situations that modify normal 
water and electrolyte losses. The skin can be a source of very significant 
water loss, particularly in neonates, especially premature infants, who 
are under radiant warmers or are receiving phototherapy. Very low 
birthweight infants can have insensible losses of 100-200 mL/kg/24 hr. 
Burns can result in massive losses of water and electrolytes, and there 
are specific guidelines for fluid management in children with burns 
(see Chapter 89). Sweat losses of water and electrolytes, especially in a 
warm climate, can also be significant. Children with cystic fibrosis and 
some children with pseudohypoaldosteronism have increased sodium 
losses from the skin.

Fever increases evaporative losses from the skin. These losses are 
somewhat predictable, leading to a 10–15% increase in maintenance 
water needs for each 1°C (1.8°F) increase in temperature above 38°C 
(100.4°F). These guidelines are for a patient with a persistent fever; a 
1-hour fever spike does not cause an appreciable increase in water needs.

Tachypnea or a tracheostomy increases evaporative losses from the 
lungs. A humidified system (nasal cannula, mask, ventilator) causes 
a decrease in insensible losses from the lungs and can even lead to 
water absorption via the lungs; a ventilated patient has a decrease in 

maintenance water requirements. It may be difficult to quantify the 
changes that take place in the individual patient in these situations. 

REPLACEMENT FLUIDS
The gastrointestinal (GI) tract is potentially a source of considerable 
water loss. GI water losses are accompanied by electrolytes and thus 
may cause disturbances in intravascular volume and electrolyte con-
centrations. GI losses are often associated with loss of potassium, lead-
ing to hypokalemia. Because of the high bicarbonate concentration in 
stool, children with diarrhea usually have a metabolic acidosis, which 
may be accentuated if volume depletion causes hypoperfusion and a 
concurrent lactic acidosis. Emesis or losses from an NG tube can cause 
a metabolic alkalosis (see Chapter 73).

In the absence of vomiting, diarrhea, or NG drainage, GI losses of 
water and electrolytes are usually quite small. All GI losses are consid-
ered excessive, and the increase in the water requirement is equal to the 
volume of fluid losses. Because GI water and electrolyte losses can be 
precisely measured, an appropriate replacement solution can be used.

It is impossible to predict the losses for the next 24 hours; it is better 
to replace excessive GI losses as they occur. The child should receive an 
appropriate maintenance fluid that does not consider the GI losses. The 
losses should then be replaced after they occur, with use of a solution 
with a similar electrolyte concentration as the GI fluid. The losses are 
usually replaced every 1-6 hours, depending on the rate of loss, with 
very rapid losses being replaced more frequently.

Diarrhea is a common cause of fluid loss in children and can result in 
dehydration and electrolyte disorders. In the unusual patient with signifi-
cant diarrhea and a limited ability to take oral fluid, it is important to have 
a plan for replacing excessive stool losses. The volume of stool should be 
measured, and an equal volume of replacement solution should be given. 
Data are available on the average electrolyte composition of diarrhea in 
children (see Table 74.7). With this information, an appropriate replace-
ment solution can be designed. The solution shown in Table 74.7 replaces 
stool losses of Na+, K+, chloride (Cl−), and bicarbonate. Each 1 mL of 
stool should be replaced by 1 mL of this solution. The average electrolyte 
composition of diarrhea is just an average, and there may be considerable 
variation. It is therefore advisable to consider measuring the electrolyte 
composition of a patient’s diarrhea if the amount is especially excessive or 
if the patient’s serum electrolyte levels are problematic.

Loss of gastric fluid, through emesis or NG suction, is also likely 
to cause dehydration, in that most patients with either condition have 
impaired oral intake of fluids. Electrolyte disturbances, particularly 
hypokalemia and metabolic alkalosis, are also common. These compli-
cations can be avoided by judicious use of a replacement solution. The 
composition of gastric fluid shown in Table 74.8 is the basis for design-
ing a replacement solution.

Table 74.4    � Composition of Intravenous Solutions*

FLUID [NA+] [CL−] [K+] [CA2+] [LACTATE−]

Normal saline 
(0.9% NaCl)

154 154 — — —

Half-normal saline 
(0.45% NaCl)

77 77 — — —

0.2 normal saline 
(0.2% NaCl)

34 34 — — —

Ringer lactate 130 109 4 3 28

*Electrolyte concentrations in mEq/L.

Table 74.5    � Sources of Water Loss

	•	 �Urine: 60%

	•	 �Insensible losses: ≈35% (skin and lungs)

	•	 �Stool: 5%

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 102 / 300

102



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 13 / 30

A child's daily maintenance water losses are estimated in the table. Which route accounts for
the largest typical share?

A. Urine

B. Stool

C. Insensible skin and respiratory losses

D. Vomiting

E. Surgical drains
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than maintenance fluids. Children with meningitis are fluid restricted 
unless intravascular volume depletion is present (see Chapter 643.1). 
Treatment is individualized, and careful monitoring is critical.

In children with complicated pathophysiologic derangements, it 
may be necessary to adjust empirically the electrolyte composition 
and rate of maintenance fluids on the basis of electrolyte measure-
ments and assessment of fluid balance. In all children it is critical to 
monitor weight, urine output, and electrolytes carefully to identify 
overhydration or underhydration, hyponatremia, and other electrolyte 
disturbances, and then adjust the rate or composition of the IV solu-
tion accordingly. 

VARIATIONS IN MAINTENANCE WATER AND 
ELECTROLYTES
The calculation of maintenance water is based on standard assumptions 
regarding water losses. In some patients, however, these assumptions 
are incorrect. To identify such situations, it is helpful to understand the 
source and magnitude of normal water losses. Table 74.5 lists the three 
sources of normal water loss.

Urine is the most important contributor to normal water loss. Insen-
sible losses represent approximately one third of total maintenance 
water (40% in infants; 25% in adolescents and adults). Insensible losses 
are composed of evaporative losses from the skin and lungs that can-
not be quantitated. The evaporative losses from the skin do not include 
sweat, which would be considered an additional (sensible) source of 
water loss. Stool normally represents a minor source of water loss.

Maintenance water and electrolyte needs may be increased or 
decreased, depending on the clinical situation. This may be obvious, as 
in the infant with profuse diarrhea, or subtle, as in the patient who has 
decreased insensible losses while receiving mechanical ventilation. It is 
helpful to consider the sources of normal water and electrolyte losses 
and to determine whether any of these sources is being modified in a 
specific patient. It is then necessary to adjust maintenance water and 
electrolyte calculations.

Table 74.6 lists a variety of clinical situations that modify normal 
water and electrolyte losses. The skin can be a source of very significant 
water loss, particularly in neonates, especially premature infants, who 
are under radiant warmers or are receiving phototherapy. Very low 
birthweight infants can have insensible losses of 100-200 mL/kg/24 hr. 
Burns can result in massive losses of water and electrolytes, and there 
are specific guidelines for fluid management in children with burns 
(see Chapter 89). Sweat losses of water and electrolytes, especially in a 
warm climate, can also be significant. Children with cystic fibrosis and 
some children with pseudohypoaldosteronism have increased sodium 
losses from the skin.

Fever increases evaporative losses from the skin. These losses are 
somewhat predictable, leading to a 10–15% increase in maintenance 
water needs for each 1°C (1.8°F) increase in temperature above 38°C 
(100.4°F). These guidelines are for a patient with a persistent fever; a 
1-hour fever spike does not cause an appreciable increase in water needs.

Tachypnea or a tracheostomy increases evaporative losses from the 
lungs. A humidified system (nasal cannula, mask, ventilator) causes 
a decrease in insensible losses from the lungs and can even lead to 
water absorption via the lungs; a ventilated patient has a decrease in 

maintenance water requirements. It may be difficult to quantify the 
changes that take place in the individual patient in these situations. 

REPLACEMENT FLUIDS
The gastrointestinal (GI) tract is potentially a source of considerable 
water loss. GI water losses are accompanied by electrolytes and thus 
may cause disturbances in intravascular volume and electrolyte con-
centrations. GI losses are often associated with loss of potassium, lead-
ing to hypokalemia. Because of the high bicarbonate concentration in 
stool, children with diarrhea usually have a metabolic acidosis, which 
may be accentuated if volume depletion causes hypoperfusion and a 
concurrent lactic acidosis. Emesis or losses from an NG tube can cause 
a metabolic alkalosis (see Chapter 73).

In the absence of vomiting, diarrhea, or NG drainage, GI losses of 
water and electrolytes are usually quite small. All GI losses are consid-
ered excessive, and the increase in the water requirement is equal to the 
volume of fluid losses. Because GI water and electrolyte losses can be 
precisely measured, an appropriate replacement solution can be used.

It is impossible to predict the losses for the next 24 hours; it is better 
to replace excessive GI losses as they occur. The child should receive an 
appropriate maintenance fluid that does not consider the GI losses. The 
losses should then be replaced after they occur, with use of a solution 
with a similar electrolyte concentration as the GI fluid. The losses are 
usually replaced every 1-6 hours, depending on the rate of loss, with 
very rapid losses being replaced more frequently.

Diarrhea is a common cause of fluid loss in children and can result in 
dehydration and electrolyte disorders. In the unusual patient with signifi-
cant diarrhea and a limited ability to take oral fluid, it is important to have 
a plan for replacing excessive stool losses. The volume of stool should be 
measured, and an equal volume of replacement solution should be given. 
Data are available on the average electrolyte composition of diarrhea in 
children (see Table 74.7). With this information, an appropriate replace-
ment solution can be designed. The solution shown in Table 74.7 replaces 
stool losses of Na+, K+, chloride (Cl−), and bicarbonate. Each 1 mL of 
stool should be replaced by 1 mL of this solution. The average electrolyte 
composition of diarrhea is just an average, and there may be considerable 
variation. It is therefore advisable to consider measuring the electrolyte 
composition of a patient’s diarrhea if the amount is especially excessive or 
if the patient’s serum electrolyte levels are problematic.

Loss of gastric fluid, through emesis or NG suction, is also likely 
to cause dehydration, in that most patients with either condition have 
impaired oral intake of fluids. Electrolyte disturbances, particularly 
hypokalemia and metabolic alkalosis, are also common. These compli-
cations can be avoided by judicious use of a replacement solution. The 
composition of gastric fluid shown in Table 74.8 is the basis for design-
ing a replacement solution.

Table 74.4    � Composition of Intravenous Solutions*

FLUID [NA+] [CL−] [K+] [CA2+] [LACTATE−]

Normal saline 
(0.9% NaCl)

154 154 — — —

Half-normal saline 
(0.45% NaCl)

77 77 — — —

0.2 normal saline 
(0.2% NaCl)

34 34 — — —

Ringer lactate 130 109 4 3 28

*Electrolyte concentrations in mEq/L.

Table 74.5    � Sources of Water Loss

	•	 �Urine: 60%

	•	 �Insensible losses: ≈35% (skin and lungs)

	•	 �Stool: 5%
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A premature infant receives phototherapy under a radiant warmer. Which maintenance-fluid
adjustment does the table suggest considering?

A. Increased water needs from skin losses

B. Reduced water needs from complete suppression of insensible loss

C. No adjustment for any neonatal heat source

D. Replace all fluid with blood products

E. Automatically double potassium supplementation

Original table 74.6  |  Nelson printed p. 528  |  PDF p. 575

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14

528  Part VI  u  Fluid and Electrolyte Disorders

Patients with gastric losses frequently have hypokalemia, although 
the K+ concentration of gastric fluid is relatively low. The associated 
urinary K+ loss is an important cause of hypokalemia in this situation 
(see Chapter 73). These patients may need additional potassium either 
in their maintenance fluids or in their replacement fluids to compen-
sate for prior or ongoing urinary losses. Restoration of the patient’s 
intravascular volume, by decreasing aldosterone synthesis, lessens the 
urinary K+ losses.

Urine output is normally the largest cause of water loss. Diseases 
such as renal failure and syndrome of inappropriate ADH secretion can 
lead to a decrease in urine volume. The patient with oliguria or anuria 
has a decreased need for water and electrolytes; continuation of main-
tenance fluids produces fluid overload. In contrast, postobstructive 
diuresis, the polyuric phase of acute tubular necrosis, diabetes mellitus, 
and diabetes insipidus increase urine production. To prevent dehydra-
tion, the patient must receive more than standard maintenance fluids 

when urine output is excessive. The electrolyte losses in patients with 
polyuria are variable. In diabetes insipidus, the urine electrolyte con-
centration is usually low, whereas children with diseases such as juve-
nile nephronophthisis and obstructive uropathy usually have increased 
losses of both water and sodium.

The approach to decreased or increased urine output is similar 
(Table 74.9). The patient receives fluids at a rate to replace insensible 
losses. This is accomplished by a rate of fluid administration that is 
25–40% of the normal maintenance rate, depending on the patient’s 
age. Replacing insensible losses in the anuric child will theoretically 
maintain an even fluid balance, with the caveat that 25–40% of the nor-
mal maintenance rate is only an estimate of insensible losses. In the 
individual patient, this rate is adjusted on the basis of monitoring of the 
patient’s weight and volume status. Most children with renal insuffi-
ciency receive little or no potassium because the kidney is the principal 
site of K+ excretion.

For the oliguric child, it is important to add a urine replacement 
solution to prevent dehydration. This issue is especially important in 
the patient with acute kidney injury, in whom output may increase, 
potentially leading to volume depletion and worsening of kidney injury 
if the patient remains on only insensible fluids. A replacement solution 
of D5 1/2NS is usually appropriate initially, although its composition 
may have to be adjusted if urine output increases significantly.

Most children with polyuria (except in diabetes mellitus; see Chap-
ter 629) should be started on replacement of insensible fluid plus urine 
losses. This approach avoids the need to attempt to calculate the vol-
ume of urine output that is “normal” so that the patient can be given 

Table 74.7    � Replacement Fluid for Diarrhea

AVERAGE COMPOSITION OF DIARRHEA
Sodium: 55 mEq/L

Potassium: 25 mEq/L

Bicarbonate: 15 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: D5 1/2NS + 30 mEq/L sodium bicarbonate + 20 mEq/L KCl

Replace stool mL/mL every 1-6 hr

D5, 5% dextrose; NS, normal saline.

Table 74.8    � Replacement Fluid for Emesis or Nasogastric 
Losses

AVERAGE COMPOSITION OF GASTRIC FLUID
Sodium: 60 mEq/L

Potassium: 10 mEq/L

Chloride: 90 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: normal saline + 10 mEq/L KCl

Replace output mL/mL every 1-6 hr

Table 74.9    � Adjusting Fluid Therapy for Altered Renal 
Output

OLIGURIA/ANURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS

Replace urine output mL/mL with D5 1/2NS ± KCl

POLYURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS ± KCl

Measure urine electrolytes

Replace urine output mL/mL with solution based on measured urine 
electrolytes

D5, 5% dextrose; NS, normal saline.

Table 74.6    � Adjustments in Maintenance Water

SOURCE CAUSES OF INCREASED WATER NEEDS CAUSES OF DECREASED WATER NEEDS

Skin Radiant warmer Incubator (premature infant)

Phototherapy

Fever

Sweat

Burns

Lungs Tachypnea Humidified system (nasal cannula, mask, 
ventilator)

Tracheostomy

Gastrointestinal tract Diarrhea —

Emesis

Nasogastric suction

Renal Polyuria Oliguria/anuria

Miscellaneous Surgical drain —
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A child remains hospitalized with large ongoing diarrheal stool losses. Which principle in the
table addresses losses beyond maintenance and the initial deficit?

A. Measure stool output and replace ongoing losses volume for volume

B. Ignore output once maintenance fluid has begun

C. Replace each stool only with free water

D. Stop all enteral intake indefinitely

E. Assume diarrhea contains no electrolytes

Original table 74.7  |  Nelson printed p. 528  |  PDF p. 575

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15

528  Part VI  u  Fluid and Electrolyte Disorders

Patients with gastric losses frequently have hypokalemia, although 
the K+ concentration of gastric fluid is relatively low. The associated 
urinary K+ loss is an important cause of hypokalemia in this situation 
(see Chapter 73). These patients may need additional potassium either 
in their maintenance fluids or in their replacement fluids to compen-
sate for prior or ongoing urinary losses. Restoration of the patient’s 
intravascular volume, by decreasing aldosterone synthesis, lessens the 
urinary K+ losses.

Urine output is normally the largest cause of water loss. Diseases 
such as renal failure and syndrome of inappropriate ADH secretion can 
lead to a decrease in urine volume. The patient with oliguria or anuria 
has a decreased need for water and electrolytes; continuation of main-
tenance fluids produces fluid overload. In contrast, postobstructive 
diuresis, the polyuric phase of acute tubular necrosis, diabetes mellitus, 
and diabetes insipidus increase urine production. To prevent dehydra-
tion, the patient must receive more than standard maintenance fluids 

when urine output is excessive. The electrolyte losses in patients with 
polyuria are variable. In diabetes insipidus, the urine electrolyte con-
centration is usually low, whereas children with diseases such as juve-
nile nephronophthisis and obstructive uropathy usually have increased 
losses of both water and sodium.

The approach to decreased or increased urine output is similar 
(Table 74.9). The patient receives fluids at a rate to replace insensible 
losses. This is accomplished by a rate of fluid administration that is 
25–40% of the normal maintenance rate, depending on the patient’s 
age. Replacing insensible losses in the anuric child will theoretically 
maintain an even fluid balance, with the caveat that 25–40% of the nor-
mal maintenance rate is only an estimate of insensible losses. In the 
individual patient, this rate is adjusted on the basis of monitoring of the 
patient’s weight and volume status. Most children with renal insuffi-
ciency receive little or no potassium because the kidney is the principal 
site of K+ excretion.

For the oliguric child, it is important to add a urine replacement 
solution to prevent dehydration. This issue is especially important in 
the patient with acute kidney injury, in whom output may increase, 
potentially leading to volume depletion and worsening of kidney injury 
if the patient remains on only insensible fluids. A replacement solution 
of D5 1/2NS is usually appropriate initially, although its composition 
may have to be adjusted if urine output increases significantly.

Most children with polyuria (except in diabetes mellitus; see Chap-
ter 629) should be started on replacement of insensible fluid plus urine 
losses. This approach avoids the need to attempt to calculate the vol-
ume of urine output that is “normal” so that the patient can be given 

Table 74.7    � Replacement Fluid for Diarrhea

AVERAGE COMPOSITION OF DIARRHEA
Sodium: 55 mEq/L

Potassium: 25 mEq/L

Bicarbonate: 15 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: D5 1/2NS + 30 mEq/L sodium bicarbonate + 20 mEq/L KCl

Replace stool mL/mL every 1-6 hr

D5, 5% dextrose; NS, normal saline.

Table 74.8    � Replacement Fluid for Emesis or Nasogastric 
Losses

AVERAGE COMPOSITION OF GASTRIC FLUID
Sodium: 60 mEq/L

Potassium: 10 mEq/L

Chloride: 90 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: normal saline + 10 mEq/L KCl

Replace output mL/mL every 1-6 hr

Table 74.9    � Adjusting Fluid Therapy for Altered Renal 
Output

OLIGURIA/ANURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS

Replace urine output mL/mL with D5 1/2NS ± KCl

POLYURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS ± KCl

Measure urine electrolytes

Replace urine output mL/mL with solution based on measured urine 
electrolytes

D5, 5% dextrose; NS, normal saline.

Table 74.6    � Adjustments in Maintenance Water

SOURCE CAUSES OF INCREASED WATER NEEDS CAUSES OF DECREASED WATER NEEDS

Skin Radiant warmer Incubator (premature infant)

Phototherapy

Fever

Sweat

Burns

Lungs Tachypnea Humidified system (nasal cannula, mask, 
ventilator)

Tracheostomy

Gastrointestinal tract Diarrhea —

Emesis

Nasogastric suction

Renal Polyuria Oliguria/anuria

Miscellaneous Surgical drain —
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A child has high nasogastric drainage after surgery. Which ion in the table is especially
abundant in gastric fluid and relevant to replacement planning?

A. Chloride

B. Phosphate

C. Bicarbonate

D. Calcium

E. Magnesium

Original table 74.8  |  Nelson printed p. 528  |  PDF p. 575

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16

528  Part VI  u  Fluid and Electrolyte Disorders

Patients with gastric losses frequently have hypokalemia, although 
the K+ concentration of gastric fluid is relatively low. The associated 
urinary K+ loss is an important cause of hypokalemia in this situation 
(see Chapter 73). These patients may need additional potassium either 
in their maintenance fluids or in their replacement fluids to compen-
sate for prior or ongoing urinary losses. Restoration of the patient’s 
intravascular volume, by decreasing aldosterone synthesis, lessens the 
urinary K+ losses.

Urine output is normally the largest cause of water loss. Diseases 
such as renal failure and syndrome of inappropriate ADH secretion can 
lead to a decrease in urine volume. The patient with oliguria or anuria 
has a decreased need for water and electrolytes; continuation of main-
tenance fluids produces fluid overload. In contrast, postobstructive 
diuresis, the polyuric phase of acute tubular necrosis, diabetes mellitus, 
and diabetes insipidus increase urine production. To prevent dehydra-
tion, the patient must receive more than standard maintenance fluids 

when urine output is excessive. The electrolyte losses in patients with 
polyuria are variable. In diabetes insipidus, the urine electrolyte con-
centration is usually low, whereas children with diseases such as juve-
nile nephronophthisis and obstructive uropathy usually have increased 
losses of both water and sodium.

The approach to decreased or increased urine output is similar 
(Table 74.9). The patient receives fluids at a rate to replace insensible 
losses. This is accomplished by a rate of fluid administration that is 
25–40% of the normal maintenance rate, depending on the patient’s 
age. Replacing insensible losses in the anuric child will theoretically 
maintain an even fluid balance, with the caveat that 25–40% of the nor-
mal maintenance rate is only an estimate of insensible losses. In the 
individual patient, this rate is adjusted on the basis of monitoring of the 
patient’s weight and volume status. Most children with renal insuffi-
ciency receive little or no potassium because the kidney is the principal 
site of K+ excretion.

For the oliguric child, it is important to add a urine replacement 
solution to prevent dehydration. This issue is especially important in 
the patient with acute kidney injury, in whom output may increase, 
potentially leading to volume depletion and worsening of kidney injury 
if the patient remains on only insensible fluids. A replacement solution 
of D5 1/2NS is usually appropriate initially, although its composition 
may have to be adjusted if urine output increases significantly.

Most children with polyuria (except in diabetes mellitus; see Chap-
ter 629) should be started on replacement of insensible fluid plus urine 
losses. This approach avoids the need to attempt to calculate the vol-
ume of urine output that is “normal” so that the patient can be given 

Table 74.7    � Replacement Fluid for Diarrhea

AVERAGE COMPOSITION OF DIARRHEA
Sodium: 55 mEq/L

Potassium: 25 mEq/L

Bicarbonate: 15 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: D5 1/2NS + 30 mEq/L sodium bicarbonate + 20 mEq/L KCl

Replace stool mL/mL every 1-6 hr

D5, 5% dextrose; NS, normal saline.

Table 74.8    � Replacement Fluid for Emesis or Nasogastric 
Losses

AVERAGE COMPOSITION OF GASTRIC FLUID
Sodium: 60 mEq/L

Potassium: 10 mEq/L

Chloride: 90 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: normal saline + 10 mEq/L KCl

Replace output mL/mL every 1-6 hr

Table 74.9    � Adjusting Fluid Therapy for Altered Renal 
Output

OLIGURIA/ANURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS

Replace urine output mL/mL with D5 1/2NS ± KCl

POLYURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS ± KCl

Measure urine electrolytes

Replace urine output mL/mL with solution based on measured urine 
electrolytes

D5, 5% dextrose; NS, normal saline.

Table 74.6    � Adjustments in Maintenance Water

SOURCE CAUSES OF INCREASED WATER NEEDS CAUSES OF DECREASED WATER NEEDS

Skin Radiant warmer Incubator (premature infant)

Phototherapy

Fever

Sweat

Burns

Lungs Tachypnea Humidified system (nasal cannula, mask, 
ventilator)

Tracheostomy

Gastrointestinal tract Diarrhea —

Emesis

Nasogastric suction

Renal Polyuria Oliguria/anuria

Miscellaneous Surgical drain —
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A child with polyuria has large, variable urine output. Which approach from the table most
directly guides replacement fluid composition?

A. Measure urine electrolytes and replace measured output accordingly

B. Ignore urine output and give a fixed volume

C. Replace urine only with concentrated glucose

D. Assume urine is pure water

E. Add potassium without checking renal status

Original table 74.9  |  Nelson printed p. 528  |  PDF p. 575

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 17
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Patients with gastric losses frequently have hypokalemia, although 
the K+ concentration of gastric fluid is relatively low. The associated 
urinary K+ loss is an important cause of hypokalemia in this situation 
(see Chapter 73). These patients may need additional potassium either 
in their maintenance fluids or in their replacement fluids to compen-
sate for prior or ongoing urinary losses. Restoration of the patient’s 
intravascular volume, by decreasing aldosterone synthesis, lessens the 
urinary K+ losses.

Urine output is normally the largest cause of water loss. Diseases 
such as renal failure and syndrome of inappropriate ADH secretion can 
lead to a decrease in urine volume. The patient with oliguria or anuria 
has a decreased need for water and electrolytes; continuation of main-
tenance fluids produces fluid overload. In contrast, postobstructive 
diuresis, the polyuric phase of acute tubular necrosis, diabetes mellitus, 
and diabetes insipidus increase urine production. To prevent dehydra-
tion, the patient must receive more than standard maintenance fluids 

when urine output is excessive. The electrolyte losses in patients with 
polyuria are variable. In diabetes insipidus, the urine electrolyte con-
centration is usually low, whereas children with diseases such as juve-
nile nephronophthisis and obstructive uropathy usually have increased 
losses of both water and sodium.

The approach to decreased or increased urine output is similar 
(Table 74.9). The patient receives fluids at a rate to replace insensible 
losses. This is accomplished by a rate of fluid administration that is 
25–40% of the normal maintenance rate, depending on the patient’s 
age. Replacing insensible losses in the anuric child will theoretically 
maintain an even fluid balance, with the caveat that 25–40% of the nor-
mal maintenance rate is only an estimate of insensible losses. In the 
individual patient, this rate is adjusted on the basis of monitoring of the 
patient’s weight and volume status. Most children with renal insuffi-
ciency receive little or no potassium because the kidney is the principal 
site of K+ excretion.

For the oliguric child, it is important to add a urine replacement 
solution to prevent dehydration. This issue is especially important in 
the patient with acute kidney injury, in whom output may increase, 
potentially leading to volume depletion and worsening of kidney injury 
if the patient remains on only insensible fluids. A replacement solution 
of D5 1/2NS is usually appropriate initially, although its composition 
may have to be adjusted if urine output increases significantly.

Most children with polyuria (except in diabetes mellitus; see Chap-
ter 629) should be started on replacement of insensible fluid plus urine 
losses. This approach avoids the need to attempt to calculate the vol-
ume of urine output that is “normal” so that the patient can be given 

Table 74.7    � Replacement Fluid for Diarrhea

AVERAGE COMPOSITION OF DIARRHEA
Sodium: 55 mEq/L

Potassium: 25 mEq/L

Bicarbonate: 15 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: D5 1/2NS + 30 mEq/L sodium bicarbonate + 20 mEq/L KCl

Replace stool mL/mL every 1-6 hr

D5, 5% dextrose; NS, normal saline.

Table 74.8    � Replacement Fluid for Emesis or Nasogastric 
Losses

AVERAGE COMPOSITION OF GASTRIC FLUID
Sodium: 60 mEq/L

Potassium: 10 mEq/L

Chloride: 90 mEq/L

APPROACH TO REPLACEMENT OF ONGOING LOSSES
Solution: normal saline + 10 mEq/L KCl

Replace output mL/mL every 1-6 hr

Table 74.9    � Adjusting Fluid Therapy for Altered Renal 
Output

OLIGURIA/ANURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS

Replace urine output mL/mL with D5 1/2NS ± KCl

POLYURIA
Replacement of insensible fluid losses (25–40% of maintenance) with 

D5 1/2NS ± KCl

Measure urine electrolytes

Replace urine output mL/mL with solution based on measured urine 
electrolytes

D5, 5% dextrose; NS, normal saline.

Table 74.6    � Adjustments in Maintenance Water

SOURCE CAUSES OF INCREASED WATER NEEDS CAUSES OF DECREASED WATER NEEDS

Skin Radiant warmer Incubator (premature infant)

Phototherapy

Fever

Sweat

Burns

Lungs Tachypnea Humidified system (nasal cannula, mask, 
ventilator)

Tracheostomy

Gastrointestinal tract Diarrhea —

Emesis

Nasogastric suction

Renal Polyuria Oliguria/anuria

Miscellaneous Surgical drain —
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A child with gastroenteritis is tachycardic, has little urine output, dry mucosa, decreased tears,
and delayed capillary refill. Which dehydration category best matches the table?

A. Moderate dehydration

B. No dehydration

C. Stable hypervolemia

D. Isolated fever without fluid deficit

E. Severe dehydration only if unconscious

Original table 75.1  |  Nelson printed p. 529  |  PDF p. 576

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 18

Chapter 75  u  Deficit Therapy  529

replacement fluid for the excess. In these patients, urine output is, by 
definition, excessive, and it is often helpful to measure Na+ and K+ con-
centrations of the urine to help in formulating the urine replacement 
solution.

Surgical drains and chest tubes can produce measurable fluid out-
put. These fluid losses should be replaced when they are significant. 
They can be measured and replaced with an appropriate solution. 
Third space losses, which manifest as edema and ascites, are caused by 
a shift of fluid from the intravascular space into the interstitial space. 
Although these losses cannot be quantitated easily, third space losses 
can be large and may lead to intravascular volume depletion, despite 
the patient’s weight gain. Replacement of third space fluid is empirical 
but should be anticipated in patients who are at risk, such as children 
who have burns or abdominal surgery. Third space losses and chest 
tube output are isotonic, so they usually require replacement with an 
isotonic fluid, such as NS or LR. Adjustments in the amount of replace-
ment fluid for third space losses are based on continuing assessment of 
the patient’s intravascular volume status. Protein losses from chest tube 
drainage can be significant, occasionally necessitating that 5% albumin 
be used as a replacement solution.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Dehydration, most often caused by gastroenteritis, is a common prob-
lem in children. Most cases can be managed with oral rehydration (see 
Chapter 387). Even children with mild to moderate hyponatremic or 
hypernatremic dehydration can be managed with oral rehydration.

CLINICAL MANIFESTATIONS
The first step in caring for the child with dehydration is to assess the 
degree of dehydration (Table 75.1), which dictates both the urgency of 
the situation and the volume of fluid needed for rehydration. The infant 
with mild dehydration (3–5% of body weight dehydrated) has few clin-
ical signs or symptoms. The infant may be thirsty; the alert parent may 
notice a decline in urine output. The history is most helpful. The infant 
with moderate dehydration has clear physical signs and symptoms. 
Intravascular volume depletion is evident from an increased heart rate 
and reduced urine output. This patient needs fairly prompt interven-
tion. The infant with severe dehydration is gravely ill. The decrease in 
blood pressure indicates that vital organs may be receiving inadequate 

Chapter 75

Deficit Therapy
Larry A. Greenbaum

Table 75.1    � Clinical Evaluation of Dehydration

Mild dehydration (<5% in an infant; <3% in an older child or adult): 
Normal or increased pulse; decreased urine output; thirsty; normal 
physical findings

Moderate dehydration (5–10% in an infant; 3–6% in an older child 
or adult): Tachycardia; little or no urine output; irritable/lethargic; 
sunken eyes and fontanel; decreased tears; dry mucous  
membranes; mild delay in elasticity (skin turgor); delayed capillary 
refill (>1.5 sec); cool and pale

Severe dehydration (>10% in an infant; >6% in an older child or 
adult): Peripheral pulses either rapid and weak or absent; decreased 
blood pressure; no urine output; very sunken eyes and fontanel; no 
tears; parched mucous membranes; delayed elasticity (poor skin 
turgor); very delayed capillary refill (>3 sec); cold and mottled; limp, 
depressed consciousness

perfusion. Immediate and aggressive intervention is necessary. If pos-
sible, the child with severe dehydration should initially receive intra-
venous (IV) therapy. For older children and adults, mild, moderate, or 
severe dehydration represents a lower percentage of body weight lost. 
This difference occurs because water accounts for a higher percentage 
of body weight in infants (see Chapter 73).

Clinical assessment of dehydration is only an estimate; thus the 
patient must be continually reevaluated during therapy. The degree of 
dehydration is underestimated in hypernatremic dehydration because 
the movement of water from the intracellular space (ICS) to the extra-
cellular space (ECS) helps preserve the intravascular volume.

The history usually suggests the etiology of the dehydration and may 
predict whether the patient will have a normal sodium concentration 
(isotonic dehydration), hyponatremic dehydration, or hypernatremic 
dehydration. The neonate with dehydration caused by poor intake of 
breast milk often has hypernatremic dehydration. Hypernatremic 
dehydration is likely in any child with losses of hypotonic fluid and 
poor water intake, as may occur with diarrhea, and poor oral intake 
because of anorexia or emesis. Hyponatremic dehydration occurs 
in the child with diarrhea who is taking in large quantities of low-salt 
fluid, such as water or formula.

Some children with dehydration are appropriately thirsty, but in oth-
ers the lack of intake is part of the pathophysiology of the dehydration. 
Even though decreased urine output is present in most children with 
dehydration, good urine output may be deceptively present if a child 
has an underlying renal defect, such as diabetes insipidus or a salt-
wasting nephropathy, or in infants with hypernatremic dehydration.

Physical examination findings are usually proportional to the 
degree of dehydration. Parents may be helpful in assessment of the 
child for the presence of sunken eyes, because this finding may be 
subtle. Pinching and gently twisting the skin of the abdominal or 
thoracic wall detects tenting of the skin (turgor, elasticity). Tented 
skin remains in a pinched position rather than springing quickly 
back to normal. It is difficult to properly assess tenting of the skin 
in premature infants or severely malnourished children. Activation 
of the sympathetic nervous system causes tachycardia in children 
with intravascular volume depletion; diaphoresis may also be present. 
Postural changes in blood pressure are often helpful for evaluating 
and assessing the response to therapy in children with dehydration. 
Tachypnea in children with dehydration may be present secondary to 
a metabolic acidosis from stool losses of bicarbonate or lactic acidosis 
from shock (see Chapter 85). 

LABORATORY FINDINGS
Several laboratory findings are useful for evaluating the child with dehy-
dration. The serum sodium concentration determines the type of dehy-
dration. Metabolic acidosis may be a result of stool bicarbonate losses 
in children with diarrhea, secondary acute kidney injury (see Chapter 
572.1), or lactic acidosis from shock. The anion gap is useful for differ-
entiating among the various causes of a metabolic acidosis (see Chapter 
73). Emesis or nasogastric losses usually cause a metabolic alkalosis. The 
serum potassium (K+) concentration may be low as a result of diarrheal 
losses. In children with dehydration as a result of emesis, gastric K+ losses, 
metabolic alkalosis, and urinary K+ losses all contribute to hypokalemia. 
Metabolic acidosis, which causes a shift of K+ out of cells, and acute kidney 
injury may lead to hyperkalemia. A combination of mechanisms may be 
present; thus it may be difficult to predict the child’s acid-base status or 
serum K+ level from the history alone.

The blood urea nitrogen (BUN) value and serum creatinine con-
centration are useful in assessing the child with dehydration. Volume 
depletion without parenchymal kidney injury may cause a dispropor-
tionate increase in the BUN with little or no change in the creatinine 
concentration. This condition is secondary to increased passive resorp-
tion of urea in the proximal tubule as a result of appropriate renal con-
servation of sodium and water. The increase in the BUN with moderate 
or severe dehydration may be absent or blunted in the child with poor 
protein intake, because urea production depends on protein degrada-
tion. The BUN may be disproportionately increased in the child with 
increased urea production, as occurs with a gastrointestinal bleed or 
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A child with clinically significant dehydration needs volume restoration. According to the
sequence in the table, what is the first priority?

A. Restore intravascular volume with an isotonic crystalloid

B. Calculate the entire monthly maintenance volume

C. Give free water intravenously

D. Start only oral potassium

E. Defer assessment of perfusion
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with the use of glucocorticoids, which increase catabolism. A signifi-
cant elevation of the creatinine concentration suggests acute kidney 
injury, although a small, transient increase can occur with dehydration. 
Decreased kidney perfusion is the most common etiology of acute kid-
ney injury in a child with volume depletion, but occasionally the child 
may have previously undetected chronic kidney disease or an alterna-
tive explanation for the acute kidney injury. Renal vein thrombosis is 
a well-described sequela of severe dehydration in infants; findings may 
include thrombocytopenia and hematuria (see Chapter 562.2).

Hemoconcentration from dehydration causes increases in hema-
tocrit, hemoglobin, and serum proteins. These values normalize with 
rehydration. A normal hemoglobin concentration during acute dehy-
dration may mask an underlying anemia. A decreased albumin level in 
a dehydrated patient suggests a chronic disease, such as malnutrition, 
nephrotic syndrome, or liver disease, or an acute process, such as cap-
illary leak. An acute or chronic protein-losing enteropathy may also 
cause a low serum albumin concentration. 

CALCULATION OF THE FLUID DEFICIT
Determining the fluid deficit necessitates clinical determination of the 
percentage of dehydration and multiplication of this percentage by the 
patient’s weight; a child who weighs 10 kg and is 10% dehydrated has a 
fluid deficit of 1 L. 

APPROACH TO SEVERE DEHYDRATION
The child with dehydration needs acute intervention to ensure that there is 
adequate tissue perfusion. This resuscitation phase requires rapid restora-
tion of the circulating intravascular volume and treatment of shock with 
an isotonic solution, such as normal saline (NS), Ringer lactate (lactated 
Ringer solution, LR), or Plasma-Lyte (see Chapter 85). The child is given 
a fluid bolus, usually 20 mL/kg of the isotonic fluid, over approximately 
20 minutes. The child with severe dehydration may require multiple fluid 
boluses and may need to receive the boluses as fast as possible. In a child 
with a known or probable metabolic alkalosis (e.g., child with isolated vom-
iting), LR or Plasma-Lyte should not be used because the lactate or acetate 
would worsen the alkalosis. However, LR or Plasma-Lyte may be prefer-
able to NS in shock since it is a balanced solution (see Chapters 74 and 85); 
NS may cause a hyperchloremic metabolic acidosis.

Colloids, such as blood, 5% albumin, and plasma, are rarely 
needed for fluid boluses. A crystalloid solution (NS or LR) is satis-
factory, with both lower risk of infection and lower cost. Blood is 
obviously indicated in the child with significant anemia or acute 
blood loss. Plasma is useful for children with a coagulopathy. 
The child with hypoalbuminemia may benefit from 5% albumin, 
although there is evidence that albumin infusions increase mortal-
ity in adults. The volume and the infusion rate for colloids are gen-
erally modified compared with crystalloids (see Chapter 522).

The initial resuscitation and rehydration phase is complete when the 
child has an adequate intravascular volume. Typically, the child shows 
clinical improvement, including a lower heart rate, normalization of blood 
pressure, improved perfusion, better urine output, and a more alert affect.

With adequate intravascular volume, it is appropriate to plan 
the fluid therapy for the next 24 hours. A general approach is out-
lined in Table 75.2, with the caveat that there are many different 

approaches to correcting dehydration. A balanced solution can be 
substituted for NS. In isonatremic or hyponatremic dehydration, the 
entire fluid deficit is corrected over 24 hours; a slower approach is 
used for hypernatremic dehydration (discussed later). The volume 
of isotonic fluids that the patient has received is subtracted from 
this total. The remaining fluid volume is then administered over 
24 hours. The potassium concentration may need to be decreased 
or, less frequently, increased, depending on the clinical situation. 
Potassium is not usually included in the IV fluids until the patient 
voids and normal renal function is documented by measurement of 
BUN and creatinine. Children with significant ongoing losses need 
to receive an appropriate replacement solution (see Chapter 74). 

MONITORING AND ADJUSTING THERAPY
The formulation of a plan for correcting a child’s dehydration is 
only the beginning of management. All calculations in fluid therapy 
are only approximations. This statement is especially true for the 
assessment of percentage dehydration. It is equally important to 
monitor the patient during treatment and to modify therapy on the 
basis of the clinical situation. Table 75.3 lists the cornerstones of 
patient monitoring. The patient’s vital signs are useful indicators of 
intravascular volume status. The child with decreased blood pres-
sure and an increased heart rate will probably benefit from a fluid 
bolus.

The patient’s intake and output are critically important in the 
dehydrated child. The child who, after 8 hours of therapy, has 
more output than input because of continuing diarrhea needs to 
be started on a replacement solution. See the guidelines in Chapter 
74 for selecting an appropriate replacement solution. Urine output 
is useful for evaluating the success of therapy. Good urine output 
indicates that rehydration has been successful.

Signs of dehydration on physical examination suggest the need 
for continued rehydration. Signs of fluid overload, such as edema 
and pulmonary congestion, are present in the child who is over-
hydrated. An accurate daily weight measurement is critical for the 
management of the dehydrated child. There should be a gain in 
weight during successful therapy.

Measurement of serum electrolyte levels at least daily is appro-
priate for any child who is receiving IV rehydration. Such a child is 
at risk for sodium, potassium, and acid-base disorders. It is always 
important to look at trends. For example, a sodium concentration 
([Na+]) of 144 mEq/L is normal; but if the [Na+] was 136 mEq/L 12 
hours earlier, there is a distinct risk that the child will be hyperna-
tremic in 12 or 24 hours. It is advisable to be proactive in adjusting 
fluid therapy.

Both hypokalemia and hyperkalemia are potentially serious (see 
Chapter 73). Because dehydration can be associated with acute kidney 
injury and hyperkalemia, potassium is withheld from IV fluids until 
the patient has voided. The potassium concentration in the patient’s 
IV fluids is not rigidly prescribed. Rather, the patient’s serum K+ level 
and underlying kidney function are used to modify potassium delivery. 
The patient with an elevated creatinine value and K+ level of 5 mEq/L 
does not receive any potassium until the serum K+ level decreases. 

Table 75.2    � Fluid Management of Dehydration

	1.	� Restore intravascular volume
Isotonic fluid (NS or LR): 20 mL/kg over 20 min
Repeat as needed

	2.	� Calculate 24 hr fluid needs: maintenance + deficit volume
	3.	� Subtract isotonic fluid already administered from 24 hr fluid needs
	4.	� Administer remaining volume over 24 hr using 5% dextrose NS + 
20 mEq/L KCl

	5.	� Replace ongoing losses as they occur

LR, Ringer lactate; NS, normal saline.

Table 75.3    � Monitoring Therapy

Vital signs
Pulse
Blood pressure

Intake and output
Fluid balance
Urine output

Physical examination
Weight
Clinical signs of depletion or overload

Electrolytes
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During treatment of dehydration, which set of measures from the monitoring table helps detect
both under-replacement and fluid overload?

A. Weight, fluid balance, vital signs, and serial examination

B. Temperature only once at admission

C. Family history alone

D. Only the initial hemoglobin concentration

E. Only a one-time electrocardiogram
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with the use of glucocorticoids, which increase catabolism. A signifi-
cant elevation of the creatinine concentration suggests acute kidney 
injury, although a small, transient increase can occur with dehydration. 
Decreased kidney perfusion is the most common etiology of acute kid-
ney injury in a child with volume depletion, but occasionally the child 
may have previously undetected chronic kidney disease or an alterna-
tive explanation for the acute kidney injury. Renal vein thrombosis is 
a well-described sequela of severe dehydration in infants; findings may 
include thrombocytopenia and hematuria (see Chapter 562.2).

Hemoconcentration from dehydration causes increases in hema-
tocrit, hemoglobin, and serum proteins. These values normalize with 
rehydration. A normal hemoglobin concentration during acute dehy-
dration may mask an underlying anemia. A decreased albumin level in 
a dehydrated patient suggests a chronic disease, such as malnutrition, 
nephrotic syndrome, or liver disease, or an acute process, such as cap-
illary leak. An acute or chronic protein-losing enteropathy may also 
cause a low serum albumin concentration. 

CALCULATION OF THE FLUID DEFICIT
Determining the fluid deficit necessitates clinical determination of the 
percentage of dehydration and multiplication of this percentage by the 
patient’s weight; a child who weighs 10 kg and is 10% dehydrated has a 
fluid deficit of 1 L. 

APPROACH TO SEVERE DEHYDRATION
The child with dehydration needs acute intervention to ensure that there is 
adequate tissue perfusion. This resuscitation phase requires rapid restora-
tion of the circulating intravascular volume and treatment of shock with 
an isotonic solution, such as normal saline (NS), Ringer lactate (lactated 
Ringer solution, LR), or Plasma-Lyte (see Chapter 85). The child is given 
a fluid bolus, usually 20 mL/kg of the isotonic fluid, over approximately 
20 minutes. The child with severe dehydration may require multiple fluid 
boluses and may need to receive the boluses as fast as possible. In a child 
with a known or probable metabolic alkalosis (e.g., child with isolated vom-
iting), LR or Plasma-Lyte should not be used because the lactate or acetate 
would worsen the alkalosis. However, LR or Plasma-Lyte may be prefer-
able to NS in shock since it is a balanced solution (see Chapters 74 and 85); 
NS may cause a hyperchloremic metabolic acidosis.

Colloids, such as blood, 5% albumin, and plasma, are rarely 
needed for fluid boluses. A crystalloid solution (NS or LR) is satis-
factory, with both lower risk of infection and lower cost. Blood is 
obviously indicated in the child with significant anemia or acute 
blood loss. Plasma is useful for children with a coagulopathy. 
The child with hypoalbuminemia may benefit from 5% albumin, 
although there is evidence that albumin infusions increase mortal-
ity in adults. The volume and the infusion rate for colloids are gen-
erally modified compared with crystalloids (see Chapter 522).

The initial resuscitation and rehydration phase is complete when the 
child has an adequate intravascular volume. Typically, the child shows 
clinical improvement, including a lower heart rate, normalization of blood 
pressure, improved perfusion, better urine output, and a more alert affect.

With adequate intravascular volume, it is appropriate to plan 
the fluid therapy for the next 24 hours. A general approach is out-
lined in Table 75.2, with the caveat that there are many different 

approaches to correcting dehydration. A balanced solution can be 
substituted for NS. In isonatremic or hyponatremic dehydration, the 
entire fluid deficit is corrected over 24 hours; a slower approach is 
used for hypernatremic dehydration (discussed later). The volume 
of isotonic fluids that the patient has received is subtracted from 
this total. The remaining fluid volume is then administered over 
24 hours. The potassium concentration may need to be decreased 
or, less frequently, increased, depending on the clinical situation. 
Potassium is not usually included in the IV fluids until the patient 
voids and normal renal function is documented by measurement of 
BUN and creatinine. Children with significant ongoing losses need 
to receive an appropriate replacement solution (see Chapter 74). 

MONITORING AND ADJUSTING THERAPY
The formulation of a plan for correcting a child’s dehydration is 
only the beginning of management. All calculations in fluid therapy 
are only approximations. This statement is especially true for the 
assessment of percentage dehydration. It is equally important to 
monitor the patient during treatment and to modify therapy on the 
basis of the clinical situation. Table 75.3 lists the cornerstones of 
patient monitoring. The patient’s vital signs are useful indicators of 
intravascular volume status. The child with decreased blood pres-
sure and an increased heart rate will probably benefit from a fluid 
bolus.

The patient’s intake and output are critically important in the 
dehydrated child. The child who, after 8 hours of therapy, has 
more output than input because of continuing diarrhea needs to 
be started on a replacement solution. See the guidelines in Chapter 
74 for selecting an appropriate replacement solution. Urine output 
is useful for evaluating the success of therapy. Good urine output 
indicates that rehydration has been successful.

Signs of dehydration on physical examination suggest the need 
for continued rehydration. Signs of fluid overload, such as edema 
and pulmonary congestion, are present in the child who is over-
hydrated. An accurate daily weight measurement is critical for the 
management of the dehydrated child. There should be a gain in 
weight during successful therapy.

Measurement of serum electrolyte levels at least daily is appro-
priate for any child who is receiving IV rehydration. Such a child is 
at risk for sodium, potassium, and acid-base disorders. It is always 
important to look at trends. For example, a sodium concentration 
([Na+]) of 144 mEq/L is normal; but if the [Na+] was 136 mEq/L 12 
hours earlier, there is a distinct risk that the child will be hyperna-
tremic in 12 or 24 hours. It is advisable to be proactive in adjusting 
fluid therapy.

Both hypokalemia and hyperkalemia are potentially serious (see 
Chapter 73). Because dehydration can be associated with acute kidney 
injury and hyperkalemia, potassium is withheld from IV fluids until 
the patient has voided. The potassium concentration in the patient’s 
IV fluids is not rigidly prescribed. Rather, the patient’s serum K+ level 
and underlying kidney function are used to modify potassium delivery. 
The patient with an elevated creatinine value and K+ level of 5 mEq/L 
does not receive any potassium until the serum K+ level decreases. 

Table 75.2    � Fluid Management of Dehydration

	1.	� Restore intravascular volume
Isotonic fluid (NS or LR): 20 mL/kg over 20 min
Repeat as needed

	2.	� Calculate 24 hr fluid needs: maintenance + deficit volume
	3.	� Subtract isotonic fluid already administered from 24 hr fluid needs
	4.	� Administer remaining volume over 24 hr using 5% dextrose NS + 
20 mEq/L KCl

	5.	� Replace ongoing losses as they occur

LR, Ringer lactate; NS, normal saline.

Table 75.3    � Monitoring Therapy

Vital signs
Pulse
Blood pressure

Intake and output
Fluid balance
Urine output

Physical examination
Weight
Clinical signs of depletion or overload

Electrolytes
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A child arrives at emergency triage in cardiac arrest. Which Emergency Severity Index level in
the table applies?

A. Level 1

B. Level 2

C. Level 3

D. Level 4

E. Level 5
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the patient meets the diagnostic criteria for that illness, although some 
patients may have an atypical or incomplete presentation (see Chapters 
207 and 208).

For patients presenting in an altered mental state, the pediatrician 
should inquire about symptoms such as fever or headache. Screening 
questions should explore feeding changes, medications in the household, 
ill contacts, and the possibility of trauma. Parents will often describe 
a febrile child as lethargic, but further questioning will reveal a tired-
appearing child who interacts appropriately when no longer febrile. The 
child who appears ill only when febrile must be differentiated from the 
lethargic patient who presents with suspected sepsis or meningitis and 
from the child whose altered behavior is secondary to an intracranial 
emergency or seizure. Infants with meningitis, sepsis, or cardiac defects 
may have a history of irritability, inconsolability, poor feeding, grunt-
ing breathing, seizures, poor urine output, and/or color changes such as 
pallor, mottling, or cyanosis. Patients with poisoning or inborn error of 
metabolism can also present with lethargy, poor feeding, unusual odors, 
seizures, and vomiting. Nonaccidental trauma should always be consid-
ered in a lethargic infant, particularly in the absence of additional signs 
or symptoms. In infants and young toddlers, rapidly growing head cir-
cumference or bulging anterior fontanel may signal increased ICP. Older 
children may present with altered mental state as a result of meningitis/
encephalitis, trauma, or ingestions. School-age children and adolescents 
with meningitis may have a history of fever and neck pain; other associ-
ated symptoms may include rash, headache, photophobia, or vomiting. 
Children with ingestions can present with other abnormal neurologic 
symptoms, such as ataxia, slurred speech, and seizures, or with charac-
teristic constellations of vital sign changes and other physical findings 
consistent with certain toxidromes.

In patients with headache, ask questions about the chronicity of the 
headache and any accompanying symptoms. Headaches that occur 
upon arising in the morning, that are worse when lying flat, or that 
are accompanied by vomiting are concerning for increased ICP. Simi-
larly, headache accompanied by focal neurologic deficit(s) should be 
referred to an ED for urgent head imaging. Although migraine head-
aches in teenagers are similar in presentation to those in adults (uni-
lateral, throbbing, accompanied by an aura), pediatric practitioners 
should be aware that migraines in prepubertal children may have a 
nonclassic presentation; may be bilateral; and may not be accompanied 
by aura, photophobia, or phonophobia.

Parents may interpret a variety of symptoms as respiratory distress, 
and care must be taken to distinguish normal and benign respiratory 
patterns from true respiratory distress. Tachypnea secondary to fever is 
a common source of parental anxiety, and parents of newborn infants 
are sometimes alarmed by the presence of periodic breathing. Parents 
should be questioned about their child’s other symptoms, such as fever, 
limitation of neck movement, drooling, choking, and the presence of 
stridor or wheezing. A history of apnea or cyanosis warrants further 
investigation. Practitioners should also remember that tachypnea in 
a child without evidence of true respiratory distress may be evidence 
of compensation for shock or metabolic acidosis, both of which will 
require rapid treatment. Although wheezing is often secondary to 
bronchospasm, it can also be caused by cardiac disease or congenital 
airway anomalies such as vascular rings. Parents may interpret stridor 
as noisy breathing or wheezing. Stridor is most frequently caused by 
upper airway obstruction such as croup. However, anatomic abnor-
malities such as laryngeal webs, laryngomalacia, subglottic stenosis, 
and paralyzed vocal cords also cause stridor. Toddlers who present 
with breathing difficulty after a coughing or choking episode should 
be evaluated for foreign body aspiration. In these cases, practitioners 
must ask about the possibility of button-battery ingestion, as this con-
stitutes a true medical emergency that warrants immediate endoscopic 
removal or transfer to a facility that can perform the procedure. In 
toxic-appearing children with stridor, the pediatrician should consider 
epiglottitis, bacterial tracheitis, or a rapidly expanding retropharyn-
geal abscess. The incidence of epiglottitis has greatly declined with the 
advent of the H. influenzae type b (Hib) vaccine, but it remains a pos-
sibility in the unimmunized or partially immunized patient. Children 
with retropharyngeal abscesses may also present with drooling and 
limitation of neck movement (especially hyperextension) after a recent 
upper respiratory infection or penetrating mouth injury.

Abdominal pain is a common complaint in the ambulatory set-
ting and can herald either acute intraabdominal or pelvic pathology, 
or it can be a subtler sign of systemic illness. Both relatively benign 
(e.g., streptococcal infection, UTI, pneumonia) and severe abdomi-
nal (e.g., appendicitis) or systemic (e.g., diabetic ketoacidosis, MIS-
C) illness can present with abdominal pain, and questions to the 
patient and parent should include whether there is an extraabdomi-
nal source of discomfort. Questions should include details about 
pain onset and location; presence of accompanying symptoms, such 

Table 78.1    	  Definition of Emergency Severity Index for Children

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

Cardiac arrest Seizures
Sepsis, severe dehydration
Diabetic ketoacidosis
Child abuse, burns
Head trauma
Vitamins/iron or other overdoses/

ingestions
Infant less than 28 days of age with 

a fever of 38°C (100.4°F) or greater
1-3 mo of age with a fever of 38°C 

(100.4°F) or greater may be  
considered up to II

Vital signs not stable

Multiple resources needed
3 mo to 3 yr of age  
T >39°C (102.2°F)

Single resource
needed

Only history, 
physical exam 
required

Respiratory arrest
Severe respiratory distress
SpO2 <90
Critically injured and unresponsive 

trauma patient
Severe respiratory distress  

with agonal or
Gasping-type respirations
Severe bradycardia or tachycardia 

with signs of
Hypoperfusion
Hypotension with signs of  

hypoperfusion
Trauma patient who needs  

resuscitation
Anaphylactic reaction
Baby who is flaccid
Hypoglycemia with a change in 

mental status

From Wang L, Zhou H, Zhu JF. Application of emergency severity index in pediatric emergency department. World J Emerg Med. 2011;2(4):279-282, Table 1, p. 280.
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A young child is sitting forward, drooling, and in respiratory distress. Which action is
supported by the listed emergency red flags?

A. Immediate intervention and emergency transfer

B. Routine review at the next annual visit

C. Give food to test swallowing

D. Leave the child unobserved

E. Treat as a benign feeding preference
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as fever and abdominal distention; and changes in feeding, urina-
tion, and stooling patterns. Care should be taken to elicit a history 
of peritonitis or obstruction, including worsening pain with abrupt 
movements and persistent or bilious vomiting.

In neonates, a tender abdomen with or without bilious emesis 
should raise concern for the presence of a small bowel obstruc-
tion (e.g., volvulus). These infants appear ill and may have a his-
tory of decreased stooling. Pediatricians should be wary of neonates 
with abdominal tenderness and bloody stools, as 10% of cases of 
necrotizing enterocolitis occur in term infants. Infants with milk 
protein intolerance can also present with bloody stools, but these 
infants appear well and do not have abdominal tenderness. In older 
patients the differential diagnosis for emergency causes of abdomi-
nal pain expands to include intussusception and appendicitis. 
Patients with intussusception present in a variety of ways, ranging 
from colicky abdominal pain but otherwise well between episodes 
to being lethargic or in shock. The diagnosis of appendicitis in the 

child younger than 3 years is extremely difficult because children in 
this age-group cannot localize pain well. In adolescent females with 
abdominal pain, practitioners must obtain a menstrual and sexual 
history, as acute lower abdominal pain may be caused by adnexal 
pathology, including ovarian torsion or ectopic pregnancy.

For patients with vomiting, pediatricians should ask if they have 
experienced bilious or blood-stained emesis, abdominal distention 
or constipation, weight changes, and diarrhea or bloody stools. 
An infant with bilious emesis and abdominal distention may have 
intestinal obstruction (as with midgut volvulus or Hirschsprung 
disease), whereas an infant who appears immediately hungry after 
nonbilious projectile vomiting may have pyloric stenosis. In an 
older child, vomiting may be caused by peritonitis or obstruction 
and by systemic illnesses, including diabetic ketoacidosis, inges-
tion, or trauma. Patients with headache and vomiting raise the con-
cern for increased ICP and should be questioned about neurologic 
changes, meningismus, and fever.

Practitioners should also obtain a thorough account of the child’s 
past medical history. It is important to be aware of any underlying 
chronic problems that might predispose the child to recurring infec-
tions or a serious acute illness. Children with sickle cell anemia, 
indwelling central venous access devices, or immune compromise 
are at increased risk for bacteremia and sepsis. Similarly, children 
with prior surgery, including ventriculoperitoneal shunt placement or 
intraabdominal procedures, can develop complications from their pre-
vious surgeries. 

PHYSICAL EXAMINATION
Observation is important when evaluating the acutely ill child. Most 
observational data that the pediatrician gathers should focus on assess-
ing the child’s response to stimuli. Does the child awaken easily? Does 
the child smile and interact with the parent or with the examiner? Eval-
uating these responses requires knowledge of normal child develop-
ment and an understanding of the manner in which normal responses 
are elicited, depending on the child’s age.

During the physical examination, the pediatric practitioner seeks 
evidence of illness. The portions of the exam that require the child to be 
most cooperative are completed first. Initially, it is best to seat the child 
on the parent’s lap; the older child may be seated on the examination 
table. It is also important to assess the child’s willingness to move, as 
well as ease of movement. It is reassuring to see the child moving about 
on the parent’s lap with ease and without discomfort. Vital signs are 
often overlooked but are invaluable in assessing ill children. The presence 
of tachycardia out of proportion to fever and the presence of tachypnea 
and blood pressure abnormalities raise the suspicion for more serious 
illness. The respiratory evaluation includes determining respiratory 
rate; noting the presence or absence of hypoxia by Spo2; and noting 
any evidence of inspiratory stridor, expiratory wheezing, grunting, 
coughing, or increased work of breathing (e.g., retractions, nasal flar-
ing, accessory muscle use). The skin should be carefully examined for 
rashes. Frequently, viral infections cause an exanthem, and many of 
these eruptions are diagnostic, such as the reticulated rash and slapped-
cheek appearance of parvovirus infections and the stereotypical appear-
ance of hand-foot-and-mouth disease caused by coxsackieviruses, as 
well as measles, chickenpox, and roseola. The skin examination may 
also yield evidence of more serious infections, including petechiae and 
purpura associated with bacteremia and erythroderma associated with 
a toxin-producing systemic infection. Cutaneous perfusion should be 
assessed by warmth and capillary refill time. The extremities may then 
be evaluated not only for ease of movement but also for the presence of 
swelling, warmth, tenderness, or alterations in perfusion. Such abnor-
malities may indicate focal infections (e.g., cellulitis, bone/joint infec-
tion) or vascular changes (e.g., arterial or venous thromboembolus).

When an infant is seated and is least perturbed, the examiner should 
assess the anterior fontanel to determine whether it is depressed, flat, 
or bulging. While the child is calm and cooperative, the eyes should 
be examined to identify features that might indicate an infectious or 
neurologic process. Often, viral infections result in watery discharge 
or redness of the bulbar conjunctivae. Bacterial infection, if superficial, 

Table 78.2    � History and Examination Findings that Should 
Prompt Immediate Intervention and/or Transfer 
to Emergency Department

HISTORY AND EXAM  
FINDINGS RISK FACTORS

RED FLAGS FOR RESPIRATORY FAILURE
Tachycardia
Tachypnea
Cyanosis
Apnea
Brief resolved unexplained event 

(BRUE) with cyanosis or change 
in tone

Suspected button-battery  
ingestion

Foreign body aspiration with  
respiratory distress

Sitting up, leaning forward,  
drooling

Respiratory distress with  
hypoxemia

Altered mental status

Tracheostomy
Ventilator dependence
History of critical airway

RED FLAGS FOR CIRCULATORY FAILURE
Tachycardia
Tachypnea
Cyanosis
Cold extremities, poor pulses
Apnea
Petechial or purpuric rashes
Erythroderma
Peritonitis
Bilious emesis
Post-tonsillectomy or post-

adenoidectomy with bleeding
Extremity trauma with  

neurovascular deficits

Oncology (or other 
immunosuppressed) patients

Bone marrow or solid organ  
transplants

Sickle cell (or otherwise asplenic) 
patients
Infants <60 days old
Unrepaired or repaired congenital 

heart disease with change from 
baseline pulse oximetry

Bleeding disorder with trauma

RED FLAGS FOR NEUROLOGIC FAILURE
Tachycardia
Bradycardia-hypertension
Double vision
Ptosis
Unequal pupils
Apnea
Frequent or prolonged seizure(s)
Focal neurologic deficit(s)
Acute onset of severe headache
Suicidal or homicidal ideation
Psychosis

Ventriculoperitoneal shunt
Diabetes or metabolic disease 

with altered mental status
Hypoxic-ischemic encephalopathy
Clotting disorder with neurologic 

change(s)
Drug ingestion

Adapted from Farah MM, Tay Y, Lavelle J. A general approach to ill and injured 
children. In: Shaw KN, Bachur RG, eds. Fleischer and Ludwig’s Textbook of Pediatric 
Emergency Medicine, 8th ed. Philadelphia: Lippincott, Williams & Wilkins; 2020.
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A healthy adolescent is awake and resting with a heart rate of 80/min. Which interpretation is
closest to the table's age-based range?

A. Within the adolescent resting range

B. Typical only for a premature infant

C. Always pathologic bradycardia

D. A sign of cardiac arrest

E. Above the adolescent maximum
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Circulation
Cardiovascular function is assessed by evaluation of skin color 
and temperature, heart rate, heart rhythm, presence and quality of 
pulses, capillary refill time, and blood pressure. In nonhospital set-
tings, much of this important information can be obtained without 
measuring the blood pressure; lack of blood pressure data should 
not prevent the provider from determining adequacy of circulation 
or implementing lifesaving support. Mottling, pallor, delayed capil-
lary refill, cyanosis, weak pulses, and cool extremities are all signs of 
diminished perfusion and compromised cardiac output. Tachycardia 
is the earliest and most common sign of shock but lacks both sensi-
tivity and specificity and should be correlated with other components 
of the exam, such as weakness, threadiness, or absence of pulses. An 
age-specific approach to heart rate assessment will yield the most reli-
able interpretation. Bradycardia can be normal in athletic children 

but should be assessed in the context of the child’s perfusion, blood 
pressure, mental status, and oxygen saturation, as it can be a sign of 
impending cardiac arrest. 

Disability
In the setting of a pediatric emergency, disability refers to a child’s 
neurologic function in terms of the level of consciousness and cortical 
function. Standard evaluation of a child’s neurologic condition can be 
done quickly with an assessment of pupillary response to light (if one 
is available) and use of either of the standard scores used in children: 
the Alert, Verbal, Pain, Unresponsive (AVPU) Pediatric Response 
Scale and the Glasgow Coma Scale (GCS) (Tables 79.2 and 79.3). The 

Table 79.1     Normal Vital Signs According to Age

AGE
HEART RATE 
(beats/min)

BLOOD  
PRESSURE† 

(mm Hg)

RESPIRATORY 
RATE+  

(breaths/min)

Premature 120-205* 60-76/31-45 40-70

Neonate 100-205* 67-84/35-53 35-55

Infant 100-180 72-104/37-56 30-53

Toddler 98-140 86-106/42-63 22-37

Preschooler 80-120 89-112/46-72 20-29

School-age child 75-118 97-120/57-80 18-25

Adolescent 60-100 110-131/64-83 12-20

*In sleep, heart rates may be significantly lower, but if perfusion is maintained, no 
intervention is required.

†A blood pressure cuff should cover approximately two-thirds of the arm; too small a 
cuff yields spuriously high pressure readings, and too large a cuff yields spuriously 
low pressure readings. Values are systolic/diastolic and assume 50th percentile for 
height for children 1 year and older.

+The respiratory rate is expected to increase in the presence of fever and stress.
‡Approximately equal to postconception age in weeks (may add 5 mm Hg).
Modified from Hazinski MF. Children are different. In Hazinski MF, ed. Nursing Care of 
the Critically Ill Child, 3rd ed. Philadelphia: Mosby; 2013:1-18.

Fig. 79.3  Opening the airway with the head-tilt/chin-lift maneuver. 
One hand is used to tilt the head, extending the neck. The index fin-
ger of the rescuer’s other hand lifts the mandible outward by lifting 
the chin.

Table 79.2     AVPU Neurologic Assessment

A The child is awake, alert, and appropriately responsive 
to caregivers and stimuli.

V The child responds only to voice such as calling the 
child’s name or speaking loudly.

P The child responds only to painful stimuli, such as sternal 
rub or pinching the trapezius.

U The child is unresponsive to all stimuli.

A, Alert; V, verbal; P, pain; U, unresponsive.
From Ralston M, Hazinski MF, Zaritsky AL, et al., eds. Pediatric Advanced Life 
Support Course Guide and PALS Provider Manual. Dallas: American Heart 
Association; 2007.

Table 79.3     Modified Pediatric Glasgow Coma Scale

≥2 YEARS <2 YEARS

EYE OPENING
Spontaneous 4 Spontaneous 4

To sound 3 To sound 3

To pressure 2 To pressure 2

None 1 None 1

VERBAL RESPONSE
Oriented; words/phrases 

normal for chronological 
age

5 Babbles, coos; words/
phrases normal for 
chronological age

5

Confused; some words/
phrases not normal for 
chronological age

4 Some words/phrases not 
normal for chronological 
age

4

Words 3 Inconsolable crying 3

Sounds 2 Sounds 2

None 1 None 1

MOTOR RESPONSE
Obeys commands 6 Normal spontaneous 

movement
6

Localizes pain 5 Rapidly withdraws  
extremity to stimulation

5

Normal flexion 4 Normal flexion 4

Abnormal flexion 3 Abnormal flexion 3

Extension 2 Extension 2

None 1 None 1

Adapted from Kirschen MP, Snyder M, Smith K, et al. Inter-rater reliability between 
critical care nurses performing a pediatric modification to the Glasgow Coma Scale. 
Pediatr Crit Care Med. 2019;20(7):660-666.
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An injured child opens the eyes and responds only when their name is called loudly. Which
AVPU category applies?

A. Alert

B. Voice

C. Pain

D. Unresponsive

E. Not assessable
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Circulation
Cardiovascular function is assessed by evaluation of skin color 
and temperature, heart rate, heart rhythm, presence and quality of 
pulses, capillary refill time, and blood pressure. In nonhospital set-
tings, much of this important information can be obtained without 
measuring the blood pressure; lack of blood pressure data should 
not prevent the provider from determining adequacy of circulation 
or implementing lifesaving support. Mottling, pallor, delayed capil-
lary refill, cyanosis, weak pulses, and cool extremities are all signs of 
diminished perfusion and compromised cardiac output. Tachycardia 
is the earliest and most common sign of shock but lacks both sensi-
tivity and specificity and should be correlated with other components 
of the exam, such as weakness, threadiness, or absence of pulses. An 
age-specific approach to heart rate assessment will yield the most reli-
able interpretation. Bradycardia can be normal in athletic children 

but should be assessed in the context of the child’s perfusion, blood 
pressure, mental status, and oxygen saturation, as it can be a sign of 
impending cardiac arrest. 

Disability
In the setting of a pediatric emergency, disability refers to a child’s 
neurologic function in terms of the level of consciousness and cortical 
function. Standard evaluation of a child’s neurologic condition can be 
done quickly with an assessment of pupillary response to light (if one 
is available) and use of either of the standard scores used in children: 
the Alert, Verbal, Pain, Unresponsive (AVPU) Pediatric Response 
Scale and the Glasgow Coma Scale (GCS) (Tables 79.2 and 79.3). The 

Table 79.1     Normal Vital Signs According to Age

AGE
HEART RATE 
(beats/min)

BLOOD  
PRESSURE† 

(mm Hg)

RESPIRATORY 
RATE+  

(breaths/min)

Premature 120-205* 60-76/31-45 40-70

Neonate 100-205* 67-84/35-53 35-55

Infant 100-180 72-104/37-56 30-53

Toddler 98-140 86-106/42-63 22-37

Preschooler 80-120 89-112/46-72 20-29

School-age child 75-118 97-120/57-80 18-25

Adolescent 60-100 110-131/64-83 12-20

*In sleep, heart rates may be significantly lower, but if perfusion is maintained, no 
intervention is required.

†A blood pressure cuff should cover approximately two-thirds of the arm; too small a 
cuff yields spuriously high pressure readings, and too large a cuff yields spuriously 
low pressure readings. Values are systolic/diastolic and assume 50th percentile for 
height for children 1 year and older.

+The respiratory rate is expected to increase in the presence of fever and stress.
‡Approximately equal to postconception age in weeks (may add 5 mm Hg).
Modified from Hazinski MF. Children are different. In Hazinski MF, ed. Nursing Care of 
the Critically Ill Child, 3rd ed. Philadelphia: Mosby; 2013:1-18.

Fig. 79.3  Opening the airway with the head-tilt/chin-lift maneuver. 
One hand is used to tilt the head, extending the neck. The index fin-
ger of the rescuer’s other hand lifts the mandible outward by lifting 
the chin.

Table 79.2     AVPU Neurologic Assessment

A The child is awake, alert, and appropriately responsive 
to caregivers and stimuli.

V The child responds only to voice such as calling the 
child’s name or speaking loudly.

P The child responds only to painful stimuli, such as sternal 
rub or pinching the trapezius.

U The child is unresponsive to all stimuli.

A, Alert; V, verbal; P, pain; U, unresponsive.
From Ralston M, Hazinski MF, Zaritsky AL, et al., eds. Pediatric Advanced Life 
Support Course Guide and PALS Provider Manual. Dallas: American Heart 
Association; 2007.

Table 79.3     Modified Pediatric Glasgow Coma Scale

≥2 YEARS <2 YEARS

EYE OPENING
Spontaneous 4 Spontaneous 4

To sound 3 To sound 3

To pressure 2 To pressure 2

None 1 None 1

VERBAL RESPONSE
Oriented; words/phrases 

normal for chronological 
age

5 Babbles, coos; words/
phrases normal for 
chronological age

5

Confused; some words/
phrases not normal for 
chronological age

4 Some words/phrases not 
normal for chronological 
age

4

Words 3 Inconsolable crying 3

Sounds 2 Sounds 2

None 1 None 1

MOTOR RESPONSE
Obeys commands 6 Normal spontaneous 

movement
6

Localizes pain 5 Rapidly withdraws  
extremity to stimulation

5

Normal flexion 4 Normal flexion 4

Abnormal flexion 3 Abnormal flexion 3

Extension 2 Extension 2

None 1 None 1

Adapted from Kirschen MP, Snyder M, Smith K, et al. Inter-rater reliability between 
critical care nurses performing a pediatric modification to the Glasgow Coma Scale. 
Pediatr Crit Care Med. 2019;20(7):660-666.
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A 10-month-old opens the eyes spontaneously and babbles normally for age during neurologic
assessment. Which scoring domains in the modified pediatric Glasgow Coma Scale are
illustrated?

A. Eye 4 and verbal 5

B. Eye 1 and verbal 1

C. Eye 2 and verbal 3

D. Eye 3 and verbal 2

E. Eye 4 and verbal 1
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Circulation
Cardiovascular function is assessed by evaluation of skin color 
and temperature, heart rate, heart rhythm, presence and quality of 
pulses, capillary refill time, and blood pressure. In nonhospital set-
tings, much of this important information can be obtained without 
measuring the blood pressure; lack of blood pressure data should 
not prevent the provider from determining adequacy of circulation 
or implementing lifesaving support. Mottling, pallor, delayed capil-
lary refill, cyanosis, weak pulses, and cool extremities are all signs of 
diminished perfusion and compromised cardiac output. Tachycardia 
is the earliest and most common sign of shock but lacks both sensi-
tivity and specificity and should be correlated with other components 
of the exam, such as weakness, threadiness, or absence of pulses. An 
age-specific approach to heart rate assessment will yield the most reli-
able interpretation. Bradycardia can be normal in athletic children 

but should be assessed in the context of the child’s perfusion, blood 
pressure, mental status, and oxygen saturation, as it can be a sign of 
impending cardiac arrest. 

Disability
In the setting of a pediatric emergency, disability refers to a child’s 
neurologic function in terms of the level of consciousness and cortical 
function. Standard evaluation of a child’s neurologic condition can be 
done quickly with an assessment of pupillary response to light (if one 
is available) and use of either of the standard scores used in children: 
the Alert, Verbal, Pain, Unresponsive (AVPU) Pediatric Response 
Scale and the Glasgow Coma Scale (GCS) (Tables 79.2 and 79.3). The 

Table 79.1     Normal Vital Signs According to Age

AGE
HEART RATE 
(beats/min)

BLOOD  
PRESSURE† 

(mm Hg)

RESPIRATORY 
RATE+  

(breaths/min)

Premature 120-205* 60-76/31-45 40-70

Neonate 100-205* 67-84/35-53 35-55

Infant 100-180 72-104/37-56 30-53

Toddler 98-140 86-106/42-63 22-37

Preschooler 80-120 89-112/46-72 20-29

School-age child 75-118 97-120/57-80 18-25

Adolescent 60-100 110-131/64-83 12-20

*In sleep, heart rates may be significantly lower, but if perfusion is maintained, no 
intervention is required.

†A blood pressure cuff should cover approximately two-thirds of the arm; too small a 
cuff yields spuriously high pressure readings, and too large a cuff yields spuriously 
low pressure readings. Values are systolic/diastolic and assume 50th percentile for 
height for children 1 year and older.

+The respiratory rate is expected to increase in the presence of fever and stress.
‡Approximately equal to postconception age in weeks (may add 5 mm Hg).
Modified from Hazinski MF. Children are different. In Hazinski MF, ed. Nursing Care of 
the Critically Ill Child, 3rd ed. Philadelphia: Mosby; 2013:1-18.

Fig. 79.3  Opening the airway with the head-tilt/chin-lift maneuver. 
One hand is used to tilt the head, extending the neck. The index fin-
ger of the rescuer’s other hand lifts the mandible outward by lifting 
the chin.

Table 79.2     AVPU Neurologic Assessment

A The child is awake, alert, and appropriately responsive 
to caregivers and stimuli.

V The child responds only to voice such as calling the 
child’s name or speaking loudly.

P The child responds only to painful stimuli, such as sternal 
rub or pinching the trapezius.

U The child is unresponsive to all stimuli.

A, Alert; V, verbal; P, pain; U, unresponsive.
From Ralston M, Hazinski MF, Zaritsky AL, et al., eds. Pediatric Advanced Life 
Support Course Guide and PALS Provider Manual. Dallas: American Heart 
Association; 2007.

Table 79.3     Modified Pediatric Glasgow Coma Scale

≥2 YEARS <2 YEARS

EYE OPENING
Spontaneous 4 Spontaneous 4

To sound 3 To sound 3

To pressure 2 To pressure 2

None 1 None 1

VERBAL RESPONSE
Oriented; words/phrases 

normal for chronological 
age

5 Babbles, coos; words/
phrases normal for 
chronological age

5

Confused; some words/
phrases not normal for 
chronological age

4 Some words/phrases not 
normal for chronological 
age

4

Words 3 Inconsolable crying 3

Sounds 2 Sounds 2

None 1 None 1

MOTOR RESPONSE
Obeys commands 6 Normal spontaneous 

movement
6

Localizes pain 5 Rapidly withdraws  
extremity to stimulation

5

Normal flexion 4 Normal flexion 4

Abnormal flexion 3 Abnormal flexion 3

Extension 2 Extension 2

None 1 None 1

Adapted from Kirschen MP, Snyder M, Smith K, et al. Inter-rater reliability between 
critical care nurses performing a pediatric modification to the Glasgow Coma Scale. 
Pediatr Crit Care Med. 2019;20(7):660-666.
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An obtunded adolescent has bilateral pinpoint pupils after a suspected exposure. Which listed
class is associated with this pupillary pattern?

A. Opioids

B. Anticholinergics

C. Sympathomimetics

D. Third-nerve compression

E. Serotonin syndrome
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causes of decreased level of consciousness in children are numerous 
and include conditions as diverse as respiratory failure with hypoxia 
or hypercarbia, hypoglycemia, poisonings or drug overdose, trauma, 
seizures, infection, and shock. Most often, an acutely ill or injured child 
has an altered level of consciousness because of respiratory compromise, 
circulatory compromise, or both. Any child with a depressed level of 
consciousness should be immediately assessed for abnormalities in 
cardiorespiratory status.

Alert, Verbal, Pain, Unresponsive (AVPU) Pediatric Response 
Scale: The AVPU scoring system is used to determine a child’s level of 
consciousness and cerebral cortex function (see Table 79.2). Unlike the 
GCS, the AVPU scale is not developmentally dependent—a child does 
not have to understand spoken language or follow commands, merely 
respond to a stimulus. The child is scored according to the amount of 
stimulus required to obtain a response, from alert (no stimulus; the 
child is already awake and interactive) to unresponsive (child does not 
respond to any stimulus).

Glasgow Coma Scale (GCS): Although it has not been sys-
tematically validated as a prognostic scoring system for infants 
and young children, the GCS is frequently employed to describe 
level of consciousness and neurologic status. It has value as a way 
to communicate mental status to other providers and when used 
serially to detect improvement or deterioration. The GCS has three 
components: eyes, verbal, and motor. Individual scores for eye 
opening, verbal response, and motor response are added together, 
with a maximum of 15 points (see Table 79.3). There are numer-
ous versions of the pediatric GCS, but most importantly, the pedi-
atric GCS accounts for differences in development and the inability 
for children <2 years of age to follow commands and talk. Patients 
who have severe head injury with a GCS score ≤8 require aggressive 
management, generally including securement of the airway with 
endotracheal intubation and breathing with mechanical ventilation 
and, if indicated, placement of an intracranial pressure monitoring 
device.

The Full Outline of Unresponsiveness (FOUR) score is a neuro-
logic assessment that incorporates brainstem reflex components and 
is associated with outcomes; it is commonly used in the intensive care 
unit setting (Table 82.1).

The pupillary response can give insight to causes of altered men-
tal status. Pinpoint pupils can be due to many conditions, including 
narcotic ingestion, and dilated asymmetric pupils (anisocoria) can be 
caused by uncal herniation (Table 79.4 and Fig. 79.4). If a patient has 
a normal mental status, other causes of pupillary dilation and asym-
metry should be considered. 

Exposure
Exposure is the final component of the pediatric primary assess-
ment. This component of the exam is reached only after the child’s 
airway, breathing, circulation, and disability have been assessed and 
reasonably stabilized. In this setting, exposure stands for the dual 
responsibility of the provider both to expose the child to assess for 
previously unidentified injures and to consider prolonged exposure 

in a cold environment as a possible cause of hypothermia and car-
diopulmonary instability. The provider should undress the child (as 
is feasible and reasonable) to perform a physical exam, assessing for 
burns, bruising, bleeding, joint laxity, and fractures. If possible, the 
provider should assess the child’s temperature. All maneuvers should 
be performed with careful maintenance of cervical spine precautions 
when indicated. 

Secondary and Tertiary Assessment
Secondary Assessment
For healthcare providers in community or outpatient settings, transfer 
of care of a child to emergency or hospital personnel may occur before 
a full secondary assessment is possible. However, before the child is 
removed from the scene and separated from witnesses or family, a brief 
history should be obtained for medical providers at the accepting facil-
ity. The components of a secondary assessment include a focused his-
tory and focused physical examination.

The history should be targeted to information that could explain 
cardiorespiratory or neurologic dysfunction and should take the 
form of a SAMPLE history: signs/symptoms; allergies; medications; 
past medical history; timing of last meal; and events leading to this 
situation. Medical personnel not engaged in resuscitative efforts can 
be dispatched to elicit history from witnesses or relatives. The physical 
examination during the secondary assessment is a thorough head-to-
toe exam, although the severity of the child’s illness or injury could 
necessitate curtailing portions of the exam or postponing nonessential 
elements until a later time. 

Tertiary Assessment
The tertiary assessment occurs in a hospital setting, where ancillary 
laboratory and radiographic assessments contribute to a thorough 
understanding of the child’s condition. A basic blood chemistry pro-
file, complete blood count, liver function tests, coagulation studies, and 
arterial blood gas analyses provide estimates of renal function, acid-
base balance, cardiorespiratory function, and presence or absence of 
shock. Chest radiographs can be useful to evaluate both the heart and 

Table 79.4     Pupillary Responses

DILATED (MYDRIASIS) PINPOINT (MIOSIS)

Bilateral
Anticholinergic agents (systemic, 

topical)
Sympathomimetic agents
Serotonin syndrome
Botulism
Brain death (fixed, nonreactive 

usually midposition)

Bilateral
Opiates
Organophosphates
Barbiturates
Pontine lesions

Unilateral
Third nerve compression with  

uncal herniation

Unilateral
Horner syndrome

Fig. 79.4  Pupils in comatose patients. (From Balcer LJ: Pupillary dis-
orders. In Liu G, Volpe L, Galetta S (eds): Liu, Volpe, and Galetta’s Neu-
ro-Ophthalmology: Diagnosis and Management, 3rd ed. Philadelphia: 
Elsevier, 2018. Fig 13.32.)

Small but reactive

Ipsilateral “blown,”
unreactive pupil, 
ptosis

Midposition and
unreactive to light

Dilated and
unreactive

Pinpoint but
reactive

Midposition to large,
unreactive

Normal

Lesion/process
associated with coma

Pupils Comment

Metabolic

Bilateral
hypothalamic

Uncal herniation

Tectal

Midbrain

Pontine

Brain death

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 116 / 300

116



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 27 / 30

A child arrests after massive hemorrhage. Which potentially reversible cause in the
cardiac-arrest table should be addressed?

A. Hypovolemia

B. Hyperthyroidism alone

C. Chronic language delay

D. Simple myopia

E. Isolated eczema

Original table 79.6  |  Nelson printed p. 567  |  PDF p. 614

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 27
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exchange, and then returned to the body via either a vein (venove-
nous or VV-ECMO) or an artery (venoarterial or VA-ECMO). VV-
ECMO is typically used in patients with refractory respiratory failure 
who require ECMO for gas exchange but continue to rely on their 
native cardiac function for cardiac output. VA-ECMO is used for 

patients with shock or cardiac failure, with or without concomitant 
respiratory failure, with the ECMO pump and circuit augmenting or 
replacing native cardiac output. The processes of determining ECMO 
candidacy, performing ECMO cannulation, maintaining ECMO 
circuit integrity, and caring for critically ill children on ECMO are 

Table 79.6     Potentially Reversible Causes of Cardiac Arrest

CONDITION COMMON CLINICAL SETTINGS TREATMENT

THE H’S
Hypovolemia Dehydration, hemorrhage, major burns, diabetes, 

gastrointestinal losses, shock, and trauma
Administer fluids
For hemorrhage, administer packed red blood cells and other blood products

Hypoxemia Upper airway obstruction (croup, anaphylaxis, 
foreign body)

Lower airway obstruction (asthma, bronchiolitis)
Parenchymal lung disease (pneumonia)
Restrictive lung disease (pleural effusion)

Provide supplemental oxygen
Confirm endotracheal tube placement and chest rise

Hydrogen ion 
(acidosis)

Preexisting acidosis, diabetes, diarrhea, drugs 
and toxins, prolonged resuscitation, renal 
disease, and shock

Reassess the adequacy of cardiopulmonary resuscitation, oxygenation, 
and ventilation; reconfirm endotracheal tube placement

Ensure adequate ventilation and avoid concomitant respiratory acidosis
Administer IV fluids
May consider bicarbonate administration with documented severe acidosis

Hypoglycemia Starvation, toxin, diabetes medications, 
metabolic disease

Administer dextrose (glucagon if dextrose not available)
Discontinue causative medications

Hyperkalemia Metabolic acidosis, excessive administration 
of potassium, renal failure, drugs and toxins, 
vigorous exercise, hemolysis, rhabdomyolysis, 
tumor lysis syndrome, and clinically significant 
tissue injury

Stop potassium-containing fluids
Stabilize cardiac membrane: calcium
Treat acidosis: sodium bicarbonate
Shift potassium intracellularly: sodium bicarbonate, insulin (with glucose 

to prevent hypoglycemia), and albuterol
Promote potassium excretion: loop diuretics, Kayexalate
Removal of potassium: dialysis

Hypokalemia Diabetes, diuretic use, drugs and toxins, 
profound gastrointestinal losses

If profound hypokalemia is accompanied by cardiac arrest, initiate urgent 
IV potassium replacement

Hypothermia Alcohol abuse, burns, central nervous system 
disease, debilitated patient, drowning, drugs 
and toxins, endocrine disease, history of 
exposure, homelessness, extensive skin 
disease, spinal cord disease, and trauma

If hypothermia is severe (temperature <30°C [86°F]), defibrillation may be 
ineffective; initiate active internal rewarming with cardiopulmonary 
support; can consider extracorporeal rewarming

If hypothermia is moderate (temperature 30-34°C [86-93.2°F]), actively 
rewarm during CPR

THE T’S
Tension  

pneumothorax
Procedural complication, mechanical ventilation 

complication, pulmonary disease with  
“air leak” (including asthma, chronic  
obstructive pulmonary disease, and necrotizing 
pneumonia), thoracentesis, and trauma

Needle decompression followed by chest tube insertion or primary chest 
tube insertion

Cardiac  
tamponade

Hemorrhage, malignancy, pericarditis, trauma, 
cardiac surgery, post–myocardial infarction

Administer fluids to increase cardiac preload (temporizing only); 
obtain bedside echocardiogram, if available

Perform pericardiocentesis; immediate surgical intervention is  
appropriate if pericardiocentesis is unhelpful but cardiac tamponade 
is known or highly suspected

Toxins Alcohol abuse, behavioral or metabolic 
presentation, classic toxicologic syndrome, 
psychiatric disease, depressed mental status 
of unclear etiology, medications in the home, 
history of depression/suicidality

Supportive care and toxin-directed therapies in consultation with a 
toxicologist

Thrombosis,  
pulmonary

Hospitalized patient, recent surgical procedure, 
peripartum, known risk factors for venous 
thromboembolism, history of venous 
thromboembolism, or prearrest presentation 
consistent with a diagnosis of acute pulmonary 
embolism, recent immobility or fractures

Administer fluids; augment with vasoactive medications as necessary
Consider pulmonary vasodilators (e.g., inhaled nitric oxide)
Consider systemic or site-directed thrombolytic therapy
Consider mechanical thrombectomy
Consider ECMO

Thrombosis, 
coronary

Known risk factors for myocardial infarction 
(congenital heart disease, family history of 
sudden cardiac death)

Consider fibrinolytic therapy
Consider percutaneous coronary intervention

Adapted from Kleinman ME, Chameides L, Schexnayder SM, et al. Part 14: Pediatric advanced life support: 2010 American Heart Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. Circulation. 2010;122(18 Suppl 3):S876-S908.
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After chest trauma, a child has unilateral diminished breath sounds, hyperresonance to
percussion, tracheal deviation, and distended neck veins. Which injury best matches the
comparison table?

A. Tension pneumothorax

B. Massive hemothorax

C. Cardiac tamponade

D. Uncomplicated rib contusion

E. Isolated pericarditis

Original table 80.2  |  Nelson printed p. 574  |  PDF p. 621

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 28
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trauma (FAST) examination or echocardiography. Cardiac tamponade 
is best managed by thoracotomy or pericardial window, although peri-
cardiocentesis may be a necessary temporizing maneuver (see Table 
80.3).

Early in shock, blood pressure remains normal because of compen-
satory increases in heart rate and peripheral vascular resistance (Table 
80.4). Some individuals can lose up to 30% of blood volume before 
blood pressure declines. Notably, 25% of blood volume equals 20 mL/
kg, which is only 200 mL in a 10-kg child. Loss of >40% of blood volume 
causes severe hypotension that, if prolonged, may be irreversible. Direct 
pressure should be applied to control external hemorrhage. When 
direct pressure does not control hemorrhage, a tourniquet should be 
applied to a proximal pressure point. Blind clamping of bleeding ves-
sels, which risks damaging adjacent structures, is not advisable.

Cannulating a larger vein, such as an antecubital vein, is usually the 
quickest way to achieve intravenous (IV) access (see Chapter 79). A 
short, large-bore catheter offers less resistance to flow, allowing for 
more rapid fluid administration. Ideally, a second catheter should be 

placed within the first few minutes of resuscitation in a severely injured 
child. If IV access is not rapidly obtainable, an intraosseous (IO) nee-
dle should be inserted; all medications and fluids can be administered 
intraosseously (see Chapter 79). Other alternatives are central venous 
access using the Seldinger technique (e.g., in the femoral vein) and, 
rarely, surgical cutdown (e.g., in the saphenous vein). Ultrasonography 
may be employed to safely facilitate both peripheral IV placement and 
central venous catheter placement.
Traditionally, fluids are administered aggressively early in hemor-

rhagic shock to reverse and prevent further clinical deterioration. Iso-
tonic crystalloid solution, such as lactated Ringer’s or normal saline (20 
mL/kg), should be infused rapidly. When necessary, repeated crystal-
loid boluses may be given. Most children are stabilized with adminis-
tration of crystalloid solution alone; however, if the patient remains in 
shock after boluses totaling 40 mL/kg of crystalloid, packed red blood 
cells should be transfused. Massive transfusion protocols (including 
fresh-frozen plasma) should be initiated early to prevent coagulopa-
thy, and tranexamic acid (TXA) should be considered. When shock 
persists despite these measures, exploratory surgery to stop internal 
hemorrhage is usually indicated. Emerging literature suggests mod-
ern trauma techniques for adults, including permissive hypotension, 
hemostatic resuscitation, and damage control surgery, confer similar 
benefits in children. 

Disability/Neurologic Deficit
Neurologic status is briefly assessed by determining the level of 
consciousness and evaluating pupil size and reactivity. The level of 
consciousness can be classified using the mnemonic AVPU: Alert, 
responsive to Verbal commands, responsive to Painful stimuli, or 
Unresponsive. A Glasgow Coma Scale (GCS) or Pediatric GCS 
score (see Chapters 79 and 82) should be assigned to every child 
with significant head trauma or neurologic impairment. This scale 
assesses eye opening and motor and verbal responses. In the Pedi-
atric GCS, the verbal score is modified for age. The GCS helps 
categorize neurologic disability, and serial measurements identify 
improvement or deterioration over time. Patients with GCS ≤8 
should undergo endotracheal intubation and supportive mechanical 
ventilation. Importantly, the patient’s pupil size/reactivity and abil-
ity to move extremities should be quickly assessed before adminis-
tration of anticholinergics, sedatives, and paralytics in preparation 
for intubation.

The majority of pediatric blunt trauma deaths are accounted for by 
head injuries. Primary direct cerebral injury occurs within seconds of 
the event and is irreversible. Secondary injury is caused by subsequent 
anoxia or ischemia. The goal is to minimize secondary injury by ensur-
ing adequate oxygenation, ventilation, and perfusion and by maintain-
ing normal cerebral perfusion pressure. Focal hemorrhagic lesions (e.g., 
epidural or subdural hematomas) are less common but may require 
immediate neurosurgical intervention (Fig. 80.3).

Signs of increased intracranial pressure (ICP), including progressive 
neurologic deterioration and evidence of transtentorial herniation, 
must be treated immediately (see Chapter 82). Hyperventilation low-
ers the arterial partial pressure of carbon dioxide (Paco2), resulting in 
cerebral vasoconstriction, reduced cerebral blood flow, and decreased 

Table 80.3    � Life-Threatening Chest Injuries

TENSION PNEUMOTHORAX
One-way valve leak from the lung parenchyma or tracheobronchial 

tree
Lung collapse with mediastinal and tracheal shift to the side  

opposite the leak
Compromises venous return and decreases ventilation of the other 

lung
Clinically, manifests as respiratory distress, unilateral absence of 

breath sounds, tracheal deviation, distended neck veins, tympany 
to percussion of the involved side, and cyanosis

Relieve first with needle aspiration, then with chest tube drainage

OPEN PNEUMOTHORAX (SUCKING CHEST WOUND)
Effect on ventilation depends on size

MAJOR FLAIL CHEST
Usually caused by blunt injury resulting in multiple rib fractures
Loss of bone stability of the thoracic cage
Major disruption of synchronous chest wall motion
Mechanical ventilation and positive end-expiratory pressure required

MASSIVE HEMOTHORAX
Must be drained with a large-bore tube
Initiate drainage only with concurrent vascular volume replacement

CARDIAC TAMPONADE
Beck’s triad:
	1.	� Decreased or muffled heart sounds
	2.	� Jugular venous distention
	3.	� Hypotension (with narrow pulse pressure)
Must be drained

Modified from Krug SE. The acutely ill or injured child. In: Behrman RE, Kliegman RM, 
eds. Nelson Essentials of Pediatrics, 4th ed. Philadelphia: Saunders; 2002:97.

Table 80.2    � Differential Diagnosis of Immediately Life-Threatening Cardiopulmonary Injuries

TENSION PNEUMOTHORAX MASSIVE HEMOTHORAX CARDIAC TAMPONADE

Breath sounds Ipsilaterally decreased more than contralaterally Ipsilaterally decreased Normal

Percussion note Hyperresonant Dull Normal

Tracheal location Contralaterally shifted Midline or shifted Midline

Neck veins Distended Flat Distended

Heart tones Normal Normal Muffled

Modified from Cooper A, Foltin GL. Thoracic trauma. In: Barkin RM, ed. Pediatric Emergency Medicine, 2nd ed. St Louis: Mosby; 1997:325.
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A trauma patient develops unilateral absent breath sounds and signs of obstructed venous
return after a one-way air leak. Which life-threatening chest injury is described?

A. Tension pneumothorax

B. Simple pulmonary contusion

C. Isolated sternal fracture

D. Nontraumatic asthma

E. Minor chest-wall bruising

Original table 80.3  |  Nelson printed p. 574  |  PDF p. 621
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trauma (FAST) examination or echocardiography. Cardiac tamponade 
is best managed by thoracotomy or pericardial window, although peri-
cardiocentesis may be a necessary temporizing maneuver (see Table 
80.3).

Early in shock, blood pressure remains normal because of compen-
satory increases in heart rate and peripheral vascular resistance (Table 
80.4). Some individuals can lose up to 30% of blood volume before 
blood pressure declines. Notably, 25% of blood volume equals 20 mL/
kg, which is only 200 mL in a 10-kg child. Loss of >40% of blood volume 
causes severe hypotension that, if prolonged, may be irreversible. Direct 
pressure should be applied to control external hemorrhage. When 
direct pressure does not control hemorrhage, a tourniquet should be 
applied to a proximal pressure point. Blind clamping of bleeding ves-
sels, which risks damaging adjacent structures, is not advisable.

Cannulating a larger vein, such as an antecubital vein, is usually the 
quickest way to achieve intravenous (IV) access (see Chapter 79). A 
short, large-bore catheter offers less resistance to flow, allowing for 
more rapid fluid administration. Ideally, a second catheter should be 

placed within the first few minutes of resuscitation in a severely injured 
child. If IV access is not rapidly obtainable, an intraosseous (IO) nee-
dle should be inserted; all medications and fluids can be administered 
intraosseously (see Chapter 79). Other alternatives are central venous 
access using the Seldinger technique (e.g., in the femoral vein) and, 
rarely, surgical cutdown (e.g., in the saphenous vein). Ultrasonography 
may be employed to safely facilitate both peripheral IV placement and 
central venous catheter placement.
Traditionally, fluids are administered aggressively early in hemor-

rhagic shock to reverse and prevent further clinical deterioration. Iso-
tonic crystalloid solution, such as lactated Ringer’s or normal saline (20 
mL/kg), should be infused rapidly. When necessary, repeated crystal-
loid boluses may be given. Most children are stabilized with adminis-
tration of crystalloid solution alone; however, if the patient remains in 
shock after boluses totaling 40 mL/kg of crystalloid, packed red blood 
cells should be transfused. Massive transfusion protocols (including 
fresh-frozen plasma) should be initiated early to prevent coagulopa-
thy, and tranexamic acid (TXA) should be considered. When shock 
persists despite these measures, exploratory surgery to stop internal 
hemorrhage is usually indicated. Emerging literature suggests mod-
ern trauma techniques for adults, including permissive hypotension, 
hemostatic resuscitation, and damage control surgery, confer similar 
benefits in children. 

Disability/Neurologic Deficit
Neurologic status is briefly assessed by determining the level of 
consciousness and evaluating pupil size and reactivity. The level of 
consciousness can be classified using the mnemonic AVPU: Alert, 
responsive to Verbal commands, responsive to Painful stimuli, or 
Unresponsive. A Glasgow Coma Scale (GCS) or Pediatric GCS 
score (see Chapters 79 and 82) should be assigned to every child 
with significant head trauma or neurologic impairment. This scale 
assesses eye opening and motor and verbal responses. In the Pedi-
atric GCS, the verbal score is modified for age. The GCS helps 
categorize neurologic disability, and serial measurements identify 
improvement or deterioration over time. Patients with GCS ≤8 
should undergo endotracheal intubation and supportive mechanical 
ventilation. Importantly, the patient’s pupil size/reactivity and abil-
ity to move extremities should be quickly assessed before adminis-
tration of anticholinergics, sedatives, and paralytics in preparation 
for intubation.

The majority of pediatric blunt trauma deaths are accounted for by 
head injuries. Primary direct cerebral injury occurs within seconds of 
the event and is irreversible. Secondary injury is caused by subsequent 
anoxia or ischemia. The goal is to minimize secondary injury by ensur-
ing adequate oxygenation, ventilation, and perfusion and by maintain-
ing normal cerebral perfusion pressure. Focal hemorrhagic lesions (e.g., 
epidural or subdural hematomas) are less common but may require 
immediate neurosurgical intervention (Fig. 80.3).

Signs of increased intracranial pressure (ICP), including progressive 
neurologic deterioration and evidence of transtentorial herniation, 
must be treated immediately (see Chapter 82). Hyperventilation low-
ers the arterial partial pressure of carbon dioxide (Paco2), resulting in 
cerebral vasoconstriction, reduced cerebral blood flow, and decreased 

Table 80.3    � Life-Threatening Chest Injuries

TENSION PNEUMOTHORAX
One-way valve leak from the lung parenchyma or tracheobronchial 

tree
Lung collapse with mediastinal and tracheal shift to the side  

opposite the leak
Compromises venous return and decreases ventilation of the other 

lung
Clinically, manifests as respiratory distress, unilateral absence of 

breath sounds, tracheal deviation, distended neck veins, tympany 
to percussion of the involved side, and cyanosis

Relieve first with needle aspiration, then with chest tube drainage

OPEN PNEUMOTHORAX (SUCKING CHEST WOUND)
Effect on ventilation depends on size

MAJOR FLAIL CHEST
Usually caused by blunt injury resulting in multiple rib fractures
Loss of bone stability of the thoracic cage
Major disruption of synchronous chest wall motion
Mechanical ventilation and positive end-expiratory pressure required

MASSIVE HEMOTHORAX
Must be drained with a large-bore tube
Initiate drainage only with concurrent vascular volume replacement

CARDIAC TAMPONADE
Beck’s triad:
	1.	� Decreased or muffled heart sounds
	2.	� Jugular venous distention
	3.	� Hypotension (with narrow pulse pressure)
Must be drained

Modified from Krug SE. The acutely ill or injured child. In: Behrman RE, Kliegman RM, 
eds. Nelson Essentials of Pediatrics, 4th ed. Philadelphia: Saunders; 2002:97.

Table 80.2    � Differential Diagnosis of Immediately Life-Threatening Cardiopulmonary Injuries

TENSION PNEUMOTHORAX MASSIVE HEMOTHORAX CARDIAC TAMPONADE

Breath sounds Ipsilaterally decreased more than contralaterally Ipsilaterally decreased Normal

Percussion note Hyperresonant Dull Normal

Tracheal location Contralaterally shifted Midline or shifted Midline

Neck veins Distended Flat Distended

Heart tones Normal Normal Muffled

Modified from Cooper A, Foltin GL. Thoracic trauma. In: Barkin RM, ed. Pediatric Emergency Medicine, 2nd ed. St Louis: Mosby; 1997:325.
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A child with traumatic hemorrhage has a rapid heart rate and weak peripheral pulses but a
normal systolic blood pressure. Which concept from the systemic-response table explains why
this is still concerning?

A. Blood pressure can remain normal in early blood loss

B. Normal pressure excludes significant hemorrhage

C. Bradycardia is always the first blood-loss response

D. Peripheral perfusion never changes during hemorrhage

E. Blood loss always raises pulse pressure

Original table 80.4  |  Nelson printed p. 575  |  PDF p. 622
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ICP. Brief hyperventilation, targeting an end-tidal CO2 goal of 30-35 
mm Hg, remains an immediate option for patients with acute increases 
in ICP. Prophylactic hyperventilation, or vigorous or prolonged hyper-
ventilation, is not recommended, because the consequent vasocon-
striction may excessively decrease cerebral perfusion and oxygenation. 
Mannitol and hypertonic saline lower ICP and may improve survival. 
Because mannitol induces an osmotic diuresis, it can exacerbate hypo-
volemia and must be used cautiously. Hypertonic saline may be a more 
useful agent for control of increased ICP in patients with severe head 
injury. Neurosurgical consultation is mandatory and will dictate fur-
ther management, including ICP monitoring and emergent neurosur-
gical interventions. 

Exposure and Environmental Control
Full exposure of the patient occurs during the primary survey. Using 
trauma shears, all clothing should be removed to reveal any injuries. 
Cutting clothing is fastest and minimizes unnecessary patient move-
ment. Children often arrive in the ED mildly hypothermic because of 
their higher body surface area–to–mass ratios. They can be warmed 

with use of radiant heat and heated IV fluids, as necessary. After a thor-
ough physical exam, the patient should be covered with warmed blan-
kets with close monitoring of body temperature.

Initial Adjuncts
While the primary survey is being performed, the patient will simultane-
ously be placed on a cardiac monitor, vitals obtained, and vascular access 
established. Fluid resuscitation can be initiated as soon as access is estab-
lished. Initial laboratory work generally includes a complete blood count, 
electrolytes, blood urea nitrogen, creatinine, liver function tests, lipase, 
lactate, blood gas, coagulation studies, type and cross match, and uri-
nalysis. Per ATLS, portable (single, anterior-posterior view) radiographs 
of the chest and pelvis should be obtained to screen for life-threatening 
injury and identify potential causes of hemorrhage (e.g., pelvic fracture, 
hemothorax, great vessel injury as suggested by a widened mediasti-
num). Finally, a FAST exam should be performed at the bedside to assess 
for the presence of free fluid (blood) and guide resuscitation. 

FAST Exam
The FAST exam and extended FAST (eFAST) are other adjuncts to the 
initial trauma survey. This bedside ultrasound can be performed by 
any trained member of the trauma team to assess for the presence of 
blood or free fluid in the intraperitoneal, pericardial, or pleural space. 
The exam assesses four windows: the right upper quadrant abdominal 
view, the left upper quadrant abdominal view, the suprapubic view, and 
the subxiphoid cardiac view. The eFAST adds additional views of bilat-
eral lungs to assess for the absence of lung sliding, which is indicative 
of a pneumothorax. In addition to detection of hemoperitoneum, the 
eFAST can identify findings that may require emergent management in 
an unstable patient—such as a pneumothorax requiring needle decom-
pression or a large pericardial effusion requiring pericardiocentesis.
Although the FAST examination helps detect hemoperitoneum, the 

variably low sensitivity of this test in children suggests that it should not 
be used alone to exclude intraabdominal injury in patients with a mod-
erate to high pretest probability for injury (e.g., a patient with elevated 
serum lipase or transaminases). A positive FAST exam for hemoperito-
neum requires further investigation. The FAST exam is most clinically 
useful in patients who have blunt trauma and are hemodynamically 
unstable or in patients who require immediate operative intervention 
for nonabdominal injuries, because in these cases the performance of a 
CT scan will delay emergency surgery. 

SECONDARY SURVEY
During the secondary survey, the trauma team completes a thorough, 
head-to-toe physical examination to assess for additional injuries. In crit-
ically ill or hemodynamically unstable patients, emergent interventions 
may delay the secondary survey until the patient has been stabilized.

Head Trauma
Initial management of traumatic brain injuries is discussed earlier. The 
secondary survey of the head should identify and document injuries, 

Table 80.4    � Systemic Responses to Blood Loss in Pediatric Patients

SYSTEM MILD BLOOD LOSS (<30%) MODERATE BLOOD LOSS (30–45%) SEVERE BLOOD LOSS (>45%)

Cardiovascular Increased heart rate; weak, thready 
peripheral pulses; normal systolic 
blood pressure; normal pulse  
pressure

Markedly increased heart rate; weak, 
thready central pulses; peripheral pulses 
absent; low normal systolic blood 
pressure; narrowed pulse pressure

Tachycardia followed by bradycardia;  
central pulses very weak or absent; 
peripheral pulses absent; hypotension; 
narrowed pulse pressure (or 
undetectable diastolic blood pressure)

Central nervous Anxiety; irritability; confusion Lethargy; dulled response to pain Coma

Skin Cool, mottled; capillary refill  
prolonged

Cyanotic; capillary refill markedly  
prolonged

Pale and cold

Urine output Low to very low Minimal None

Adapted from American College of Surgeons Committee on Trauma. Advanced Trauma Life Support: Student Course Manual, 10th ed. Chicago: American College of Surgeons; 
2018:196.

Fig. 80.3  Epidural hematoma. CT head scan from 7-mo-old female 
who, according to the history provided, did not wake up for her nightly  
feeding and began vomiting in the morning. The mother’s friend  
reported that the infant had fallen from a chair the previous day. The CT 
scan shows a large epidural hematoma on the right and marked shift of 
the midline from right to left. The right lateral ventricle is compressed 
as a result of the mass effect, and the left lateral ventricle is slightly 
prominent. The infant underwent emergency surgical evacuation of the 
epidural hematoma and recovered uneventfully. (From O’Neill JA Jr. 
Principles of Pediatric Surgery, 2nd ed. St Louis: Mosby; 2003:191.)
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An alert adolescent has neck pain after blunt trauma but no neurologic deficit. Which finding in
the NEXUS table prevents low-risk clinical clearance?

A. Midline cervical tenderness

B. Normal alertness

C. No intoxication

D. No distracting injury

E. Normal motor function
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including scalp hematomas and lacerations. The skull and face should 
be carefully palpated to assess for possible fractures. Findings sugges-
tive of basilar skull fractures include bruising around the eyes (“rac-
coon eyes”), bruising over the mastoid process (Battle sign), and blood 
behind the tympanic membrane (hemotympanum). The eyes should 
be assessed for conjunctival hemorrhages, hyphemas, and corneal 
injuries. Limitation in extraocular movements may suggest orbital 
fractures with muscle entrapment. The nares should be inspected for 
bleeding and presence of a nasal septal hematoma, which must be evac-
uated urgently to prevent permanent disfigurement. The mouth should 
be assessed for injuries to the tongue, teeth, gums, palate, and orophar-
ynx; normal jaw mobility should be ensured. Patients with suspected 
head or facial injuries will typically undergo CT of the head, orbits, 
and/or maxillofacial region. 

Spinal Trauma
Spinal Immobilization
Initially, spinal injury should be suspected in any child sustaining mul-
tiple blunt trauma. To prevent further spinal injury, paramedics have 
traditionally been taught to immobilize the C-spine in neutral position 
with a stiff collar, head blocks, and tape or cloth placed across the fore-
head. To immobilize the rest of the spine, the child is typically placed 
on a rigid backboard, and straps or tape are placed across the torso 
and thighs to restrain them. Care should be taken to continue spinal 
immobilization during initial evaluation and resuscitation until spinal 
injury can be excluded (see Chapter 81). 

C-Spine Trauma
Cervical spine injuries occur in <3% of children with blunt trauma—
with the risk being substantially higher in those with GCS scores ≤8—
but they are associated with significant mortality and morbidity (see 
Chapter 81). Bony injuries occur mainly from C1 to C4 in children 
younger than 8 years. In older children, they occur equally in the upper 
and lower cervical spine. The mortality rate is significantly higher in 
patients with upper C-spine injuries, and ∼30% of all patients with 
C-spine injuries have permanent neurologic deficits. 

Evaluation
Evaluation begins with a detailed history and neurologic examination. 
Identifying the mechanism of injury helps in estimating the likelihood 
of a spinal injury. Both the patient and the paramedic should be asked 
whether any neurologic symptoms or signs, such as weakness or abnor-
mal sensation, were present before arrival in the ED. The spine should 
then be examined while maintaining immobilization. If no other dis-
tracting injuries are present (e.g., a displaced femur fracture), the col-
lar can be carefully removed by one provider while a second provider 
manually stabilizes the neck. The C-spine should be palpated to assess 
for tenderness or step-offs. If the patient has neck pain, has neurologic 
symptoms, or is unable to participate in the exam, the collar should be 
replaced immediately. To assess the thoracic and lumbar spine, mul-
tiple providers are required to log-roll the patient and maintain spi-
nal immobilization. A third provider will palpate the spine, assess for 
cutaneous injuries, and evaluate rectal tone. Before rolling the patient 
back to the supine position, the backboard must be removed to prevent 
further injury or patient discomfort.

Whenever the history, physical examination, or mechanism of 
injury suggests a spinal injury, imaging must be obtained after initial 
resuscitation. Depending on clinical suspicion, mechanism of injury, 
and the patient’s symptoms and physiologic status, the provider may 
elect either radiography, CT, or MRI as the initial imaging modality.

The National Emergency X-Radiography Utilization Study 
(NEXUS) cervical spine rule helps identify low-risk patients who 
may not require radiographs (Table 80.5). The standard series of plain 
radiographs includes lateral, anteroposterior (AP), and odontoid views. 
Some centers use C-spine CT as the primary diagnostic tool, particu-
larly in patients with abnormal GCS scores or significant injury mecha-
nisms, recognizing that CT is more sensitive in detecting bony injury 
than plain radiographs. CT is also helpful if an odontoid fracture is 
suspected, because young children typically do not cooperate enough 

to obtain an open-mouth (odontoid) radiographic view. Use of cervical 
spine CT scan must be balanced with the knowledge that CT exposes 
thyroid tissue to 90-200 times the amount of radiation from plain films. 

SCIWORA
In a child with neurologic symptoms and normal findings on C-spine 
plain radiographs and CT scan, spinal cord injury without radio-
graphic abnormalities (SCIWORA) must be considered. MRI of the 
spine is indicated in a child with suspected SCIWORA and in the eval-
uation of children who remain obtunded. 

Thoracic Trauma
Pulmonary contusions occur frequently in young children with blunt 
chest trauma. A child’s chest wall is relatively pliable; therefore less 
force is absorbed by the rib cage and more is transmitted to the lungs. 
Respiratory distress may be noted initially or may develop during the 
first 24 hours after injury.

Rib fractures result from significant external force. They are noted 
in patients with more severe injuries and are associated with a higher 
mortality rate. Flail chest, which is caused by multiple rib fractures, 
is rare in children. Table 80.6 lists indications for operative manage-
ment in thoracic trauma. (See Table 80.2 for the differential diagnosis 
of immediately life-threatening cardiopulmonary injuries.) Thoracic 
trauma can be investigated via chest radiograph or CT, depending on 
the patient’s symptoms, physical exam findings, mechanism of injury, 
and index of suspicion for injury. 

Abdominal Trauma
Liver and spleen contusions, hematomas, and lacerations account for 
the majority of intraabdominal injuries from blunt trauma. The kid-
neys, pancreas, and duodenum are relatively spared because of their 
retroperitoneal location. Pancreatic and duodenal injuries are more 
common after a bicycle handlebar impact or a direct blow to the 
abdomen.

Although a thorough examination for intraabdominal injuries is 
essential, achieving it often proves difficult. Misleading findings can 
result from gastric distention after crying or in an uncooperative tod-
dler. Calm reassurance, distraction, and gentle, persistent palpation 
help with the examination. Important findings include distention, 
bruises, and tenderness. Specific symptoms and signs give insight 
into the mechanism of injury and the potential for particular injuries. 
Pain in the left shoulder may signify splenic trauma. A lap belt mark 
across the abdomen raises concern for bowel or mesentery injury. The 
presence of certain other injuries, such as lumbar spinal fractures and 
femur fractures, increases the likelihood of intraabdominal injury.

An abdominal (and pelvic) CT scan with IV contrast medium 
enhancement rapidly identifies structural abnormalities and is the pre-
ferred study in a stable child. A negative abdominal CT scan has been 
shown to have a negative predictive value (NPV) of 99.6%. It has excel-
lent sensitivity and specificity for splenic (Fig. 80.4), hepatic (Fig. 80.5), 
and renal injuries, but is less sensitive for diaphragmatic, pancreatic, 
or intestinal injuries. Small amounts of free fluid or air or a mesenteric 

Table 80.5    � National Emergency X-Radiography  
Utilization Study (NEXUS) to Rule Out  
Cervical Spine Injury After Blunt Trauma

If NONE of the following is present, the patient is at very low risk for 
clinically significant cervical spine injury:
Midline cervical tenderness
Evidence of intoxication
Altered level of alertness
Focal neurologic deficit
Distracting painful injury

Data from Hoffman JR, Mower WR, Wolfson AB, et al. Validity of a set of clinical criteria 
to rule out injury to the cervical spine in patients with blunt trauma. N Engl J Med. 
2000;343:94-99; and Viccellio P, Simon H, Pressman BD, et al. A prospective multicenter 
study of cervical spine injury in children. Pediatrics. 2001;108:e20.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 121 / 300

121



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 02 / 30

After thoracic trauma, a child has ongoing massive air leakage through a chest drain and the
lung cannot be expanded for ventilation. Which management category is listed?

A. Early operative thoracic evaluation

B. Routine outpatient review only

C. Immediate discharge

D. Observation without respiratory support

E. Elective dental consultation

Original table 80.6  |  Nelson printed p. 577  |  PDF p. 624

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 2
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hematoma may be the only sign of an intestinal injury. Administration 
of an oral contrast agent is not routinely recommended for all abdomi-
nal CT scans, but it sometimes aids in identifying an intestinal, espe-
cially a duodenal, injury.

Nonoperative treatment has become standard for hemodynami-
cally stable children with splenic, hepatic, and renal injuries from blunt 
trauma. The majority of such children can be treated nonsurgically. In 
addition to avoiding perioperative complications, nonoperative treat-
ment decreases the need for blood transfusions and shortens hospi-
tal stay. When laparotomy is indicated, splenic repair is preferable to 
splenectomy. 

Pelvic Trauma
Pelvic fractures in children are much less common than in adults, 
occurring in approximately 4% of children with more severe blunt 
trauma. Pelvic fractures are typically caused by high forces (e.g., high-
speed motor vehicle crashes or pedestrian impacts) and are often asso-
ciated with intraabdominal and/or vascular injuries. The pelvis itself 

forms a ring, and high-force impacts can lead to disruption of this ring. 
When the ring is disrupted in more than one location, such as the sym-
physis pubis and the sacroiliac joint, the ring can become unstable and 
displaced, potentially injuring large pelvic vessels and leading to mas-
sive blood loss. Catheter-directed embolization to control bleeding, 
performed by an interventional radiologist, may be required.

The pelvis should be assessed for stability by means of compression-
distraction maneuvers. If instability is noted, immediate external fixa-
tion with a pelvis-stabilizing device or a sheet should be applied and 
orthopedic consultation sought. A trauma patient with a potential 
pelvic fracture should receive an AP pelvic radiograph in the trauma 
bay followed by a CT scan if there is still suspicion of injury. Children 
without a high-risk clinical finding (e.g., GCS <14; abdominal pain 
or tenderness; pelvic tenderness, laceration, ecchymosis, or abrasion; 
gross hematuria or >20 red blood cells/high-power field on urinaly-
sis; or femur fracture) or a high-risk mechanism of injury (e.g., unre-
strained motor vehicle collision, motor vehicle collision with ejection, 
motor vehicle collision rollover, auto vs pedestrian, or auto vs bicycle), 
however, are unlikely to have pelvic fractures. 

Genitourinary Trauma
The perineum should be inspected and the stability of the bones of the 
pelvis assessed. Urethral injuries are more common in males. Findings 
suggestive of urethral injury include scrotal or labial ecchymosis, blood 
at the urethral meatus, gross hematuria, and a superiorly positioned 
prostate on rectal examination (in an adolescent male). Certain pelvic 
fractures also increase the risk for potential genitourinary injury. Any 
of these findings is a contraindication to urethral catheter insertion 
and warrants consultation with a urologist. Retrograde urethrocysto-
gram and CT scan of the pelvis and abdomen are used to determine 
the extent of injury. 

Extremity Trauma
Thorough examination of the extremities is essential because extremity 
fractures are among the most frequently overlooked injuries in chil-
dren with multiple traumas. All limbs should be inspected for defor-
mity, swelling, and bruises; palpated for tenderness; and assessed for 
active and passive range of motion, sensory function, and perfusion.

Table 80.6    � Indications for Operation in Thoracic Trauma

THORACOTOMY IMMEDIATELY OR SHORTLY AFTER INJURY
Massive continuing pneumothorax or large air leak from  

tracheobronchial injury (cannot expand lung and ventilate)
Cardiac tamponade
Open pneumothorax
Esophageal injury
Aortic or other vascular injury
Acute rupture of the diaphragm

DELAYED THORACOTOMY OR THORACOSCOPY
Chronic rupture of the diaphragm
Clotted hemothorax
Persistent chylothorax
Traumatic intracardiac defects
Evacuation of large foreign bodies
Chronic atelectasis from traumatic bronchial stenosis

Modified from O’Neill JA Jr. Principles of Pediatric Surgery, 2nd ed. St Louis: Mosby; 
2003:157.

Fig. 80.4  Splenic rupture. CT scan with intravenous and gastrointes-
tinal contrast enhancement shows an isolated splenic rupture that re-
sulted from blunt trauma. This injury responded to nonoperative man-
agement, as do most splenic injuries. (From O’Neill JA Jr. Principles of 
Pediatric Surgery, 2nd ed. St Louis: Mosby; 2003:166.)

Fig. 80.5  Liver injury. CT scan performed after severe blunt injury 
of the abdomen shows a bursting injury of the liver. The patient was 
stable, and no operative intervention was required. The decision to 
perform surgery should be based on the patient’s physiologic stability. 
(From O’Neill JA Jr. Principles of Pediatric Surgery, 2nd ed. St Louis: 
Mosby; 2003:168.)
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A 13-month-old has blunt head trauma and a palpable skull fracture. Which statement follows
the low-risk prediction-rule table?

A. The child does not meet the very-low-risk criteria

B. The fracture is irrelevant below age 2

C. Head imaging is prohibited in every case

D. A brief history alone proves no brain injury

E. Only vomiting matters in this age band

Original table 80.7  |  Nelson printed p. 578  |  PDF p. 625

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 3
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Before radiographs are obtained, suspected fractures and disloca-
tions should be immobilized and an analgesic administered. Splinting 
a femur fracture helps alleviate pain and may decrease blood loss. An 
orthopedic surgeon should be consulted immediately to evaluate chil-
dren with compartment syndrome, neurovascular compromise, open 
fracture, or traumatic amputations.

An acute extremity compartment syndrome is a surgical emergency 
usually associated with extremity fractures (e.g., tibia, supracondylar 
humerus, distal radius) but has also been noted after thermal and elec-
tric injuries, rhabdomyolysis, coagulopathies, or nephrotic syndrome. 
Manifestations include pain out of proportion to the injury, pain with 
passive stretching of the muscles, poor distal pulses, pallor, paresthesia, 
and weakness. In children, escalating pain not relieved by pain medi-
cations, anxiety, and agitation are additional features. If needed, com-
partmental pressure should be measured (normal is 8 mm Hg in adults, 
10-15 mm Hg in children). Absolute pressure ≥30 mm Hg is one indi-
cation for fasciotomy. Another indication for fasciotomy is a diastolic 
blood pressure minus compartment pressure <30 mm Hg. 

Advanced Imaging
After completion of the primary survey, diagnostic adjuncts, and 
secondary survey, most stable trauma patients will require advanced 
imaging with CT or additional plain radiographs. As detailed earlier, 
injury mechanism, patient history, and clinical exam findings will help 
determine the specific imaging to be obtained. Additionally, clinical 
prediction rules have been developed to identify those at low risk of 
injury for whom specific imaging studies may not be necessary. The 
NEXUS C-spine rule is a sensitive, easily applicable rule that was vali-
dated for adults and children, although there were fewer young patients 
studied (see Table 80.5). Several clinical prediction rules have been 
developed to identify children at low risk of traumatic brain injury in 
whom head CT can be safely avoided (Table 80.7). Another clinical 
prediction rule has been developed to identify children at very low 
risk of clinically important intraabdominal injuries after blunt trauma 
(Table 80.8). Although this rule has an NPV of 99.9%, it needs to be 
externally validated before widespread implementation. One benefit 
of standardizing the evaluation of patients with major trauma is that 
fewer decisions need to be made on an individual basis, possibly expe-
diting ED management. 

DISPOSITION
Disposition from the ED trauma bay is determined by several fac-
tors. Patients who are critically unstable with suspected internal hem-
orrhage are emergently transferred to the operating room (OR) for 
exploratory surgery before advanced imaging. Up to 30% of children 
evaluated for trauma require hospitalization. Of the children admitted 
for trauma, 30% have operative injuries identified on the physical exam 
or advanced imaging and undergo surgery during that hospitalization. 
Of those requiring surgery, 25% will require surgery within 24 hours 
of admission, and of that group, 57% require emergent intervention. 
Nonoperative patients who are critically injured will ultimately benefit 
from continued management in an ICU capable of caring for children 
and in a facility with the necessary surgical subspecialists. 

PSYCHOLOGIC AND SOCIAL SUPPORT
Serious multisystem trauma may result in significant long-term psy-
chologic and social difficulties for the child and family, particularly 

when there is a major head injury. Like adults, children are at risk 
for depressive symptoms and posttraumatic stress disorder. Care-
givers face persistent stress and have been noted to have more psy-
chologic symptoms. Psychologic and social support, during the 
resuscitation period and afterward, is extremely important. Parents 
often prefer to be offered the choice to be present during resuscita-
tions. A member of the resuscitation team should be made respon-
sible for answering the family’s questions and supporting them in 
the trauma room.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 80.8    � Prediction Rule for Identification of Children  
at Very Low Risk of Clinically Important  
Intraabdominal Injuries After Blunt Trauma

If NONE of the following is present, the patient is at very low risk for 
clinically significant intraabdominal injury:
Glasgow Coma Scale score <14
Vomiting
Evidence of thoracic wall trauma
Decreased breath sounds
Evidence of abdominal wall trauma or seatbelt sign
Abdominal pain
Abdominal tenderness

Modified from Holmes JF, Lillis K, Monroe D, et al. Identifying children at very low risk of 
clinically important blunt abdominal injuries. Ann Emerg Med. 2013;62:107-116, e2.

Table 80.7    � Prediction Rule for Identification of Children 
at Very Low Risk of Clinically Important Brain 
Injuries After Head Trauma

Children <2 yr old are at very low risk of clinically important traumatic 
brain injury if they have NONE of the following:
Severe mechanism of injury
History of LOC >5 sec
GCS ≤14 or other signs of altered mental status
Not acting normally per parent
Palpable skull fracture
Occipital/parietal/temporal scalp hematoma

Children 2-18 yr old are at very low risk of clinically important 
traumatic brain injury if they have NONE of the following:
Severe mechanism of injury
History of LOC
History of vomiting
GCS ≤14 or other signs of altered mental status
Severe headache in the ED
Signs of basilar skull fracture

LOC, Loss of consciousness; GCS, Glasgow Coma Scale score; ED, emergency  
department.

Modified from Kuppermann N, Holmes JF, Dayan PS, et al. Identification of children 
at very low risk of clinically-important brain injuries after head trauma: A prospective 
cohort study. Lancet. 2009;374:1160-1170.
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A child struck in a motor-vehicle collision has a seatbelt mark across the abdomen. Under the
table's blunt-trauma prediction rule, what does this finding mean?

A. The very-low-risk intraabdominal-injury rule is not met

B. Intraabdominal injury is definitively absent

C. The abdomen need not be examined

D. Seatbelt marks apply only to head trauma

E. Only a chest radiograph is indicated

Original table 80.8  |  Nelson printed p. 578  |  PDF p. 625

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 4
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Before radiographs are obtained, suspected fractures and disloca-
tions should be immobilized and an analgesic administered. Splinting 
a femur fracture helps alleviate pain and may decrease blood loss. An 
orthopedic surgeon should be consulted immediately to evaluate chil-
dren with compartment syndrome, neurovascular compromise, open 
fracture, or traumatic amputations.

An acute extremity compartment syndrome is a surgical emergency 
usually associated with extremity fractures (e.g., tibia, supracondylar 
humerus, distal radius) but has also been noted after thermal and elec-
tric injuries, rhabdomyolysis, coagulopathies, or nephrotic syndrome. 
Manifestations include pain out of proportion to the injury, pain with 
passive stretching of the muscles, poor distal pulses, pallor, paresthesia, 
and weakness. In children, escalating pain not relieved by pain medi-
cations, anxiety, and agitation are additional features. If needed, com-
partmental pressure should be measured (normal is 8 mm Hg in adults, 
10-15 mm Hg in children). Absolute pressure ≥30 mm Hg is one indi-
cation for fasciotomy. Another indication for fasciotomy is a diastolic 
blood pressure minus compartment pressure <30 mm Hg. 

Advanced Imaging
After completion of the primary survey, diagnostic adjuncts, and 
secondary survey, most stable trauma patients will require advanced 
imaging with CT or additional plain radiographs. As detailed earlier, 
injury mechanism, patient history, and clinical exam findings will help 
determine the specific imaging to be obtained. Additionally, clinical 
prediction rules have been developed to identify those at low risk of 
injury for whom specific imaging studies may not be necessary. The 
NEXUS C-spine rule is a sensitive, easily applicable rule that was vali-
dated for adults and children, although there were fewer young patients 
studied (see Table 80.5). Several clinical prediction rules have been 
developed to identify children at low risk of traumatic brain injury in 
whom head CT can be safely avoided (Table 80.7). Another clinical 
prediction rule has been developed to identify children at very low 
risk of clinically important intraabdominal injuries after blunt trauma 
(Table 80.8). Although this rule has an NPV of 99.9%, it needs to be 
externally validated before widespread implementation. One benefit 
of standardizing the evaluation of patients with major trauma is that 
fewer decisions need to be made on an individual basis, possibly expe-
diting ED management. 

DISPOSITION
Disposition from the ED trauma bay is determined by several fac-
tors. Patients who are critically unstable with suspected internal hem-
orrhage are emergently transferred to the operating room (OR) for 
exploratory surgery before advanced imaging. Up to 30% of children 
evaluated for trauma require hospitalization. Of the children admitted 
for trauma, 30% have operative injuries identified on the physical exam 
or advanced imaging and undergo surgery during that hospitalization. 
Of those requiring surgery, 25% will require surgery within 24 hours 
of admission, and of that group, 57% require emergent intervention. 
Nonoperative patients who are critically injured will ultimately benefit 
from continued management in an ICU capable of caring for children 
and in a facility with the necessary surgical subspecialists. 

PSYCHOLOGIC AND SOCIAL SUPPORT
Serious multisystem trauma may result in significant long-term psy-
chologic and social difficulties for the child and family, particularly 

when there is a major head injury. Like adults, children are at risk 
for depressive symptoms and posttraumatic stress disorder. Care-
givers face persistent stress and have been noted to have more psy-
chologic symptoms. Psychologic and social support, during the 
resuscitation period and afterward, is extremely important. Parents 
often prefer to be offered the choice to be present during resuscita-
tions. A member of the resuscitation team should be made respon-
sible for answering the family’s questions and supporting them in 
the trauma room.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 80.8    � Prediction Rule for Identification of Children  
at Very Low Risk of Clinically Important  
Intraabdominal Injuries After Blunt Trauma

If NONE of the following is present, the patient is at very low risk for 
clinically significant intraabdominal injury:
Glasgow Coma Scale score <14
Vomiting
Evidence of thoracic wall trauma
Decreased breath sounds
Evidence of abdominal wall trauma or seatbelt sign
Abdominal pain
Abdominal tenderness

Modified from Holmes JF, Lillis K, Monroe D, et al. Identifying children at very low risk of 
clinically important blunt abdominal injuries. Ann Emerg Med. 2013;62:107-116, e2.

Table 80.7    � Prediction Rule for Identification of Children 
at Very Low Risk of Clinically Important Brain 
Injuries After Head Trauma

Children <2 yr old are at very low risk of clinically important traumatic 
brain injury if they have NONE of the following:
Severe mechanism of injury
History of LOC >5 sec
GCS ≤14 or other signs of altered mental status
Not acting normally per parent
Palpable skull fracture
Occipital/parietal/temporal scalp hematoma

Children 2-18 yr old are at very low risk of clinically important 
traumatic brain injury if they have NONE of the following:
Severe mechanism of injury
History of LOC
History of vomiting
GCS ≤14 or other signs of altered mental status
Severe headache in the ED
Signs of basilar skull fracture

LOC, Loss of consciousness; GCS, Glasgow Coma Scale score; ED, emergency  
department.

Modified from Kuppermann N, Holmes JF, Dayan PS, et al. Identification of children 
at very low risk of clinically-important brain injuries after head trauma: A prospective 
cohort study. Lancet. 2009;374:1160-1170.
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A child with trisomy 21 is assessed after a fall. Which anatomic vulnerability in the table raises
particular concern during cervical-spine evaluation?

A. Abnormal cervical-spine development

B. Isolated lumbar spondylosis

C. Congenital tooth eruption

D. Primary cortical blindness

E. Hypermobile spleen

Original table 81.1  |  Nelson printed p. 579  |  PDF p. 626

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 5
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See also Chapter 751.
Compared with adults, spine and spinal cord injuries are rare in 

children, particularly young children, because of both anatomic differ-
ences and etiologies of injury. The main mechanisms of injury to the 
spine are motor vehicle crashes, falls, sports, and violence, which affect 
young children less often (see Chapter 80).

Several anatomic differences affect the pediatric spine. The head 
of a young child is larger relative to body mass than in adults, 
and the neck muscles are still underdeveloped, which places the 
fulcrum of movement higher in the spine. Therefore children <9 
years old have a higher percentage of injuries in the upper cervical 
spine (C-spine) than do older children and adults. The spine of a 
small child also is very mobile, with pliable bones and ligaments, so 
fractures of the spine are exceedingly rare. However, this increased 
mobility is not always a positive feature. Transfer of energy leading 
to spinal distortion may not affect the structural integrity of the 
bones and ligaments of the spine but can still lead to significant 
injuries of the spinal cord. This phenomenon of spinal cord injury 
without radiographic abnormalities (SCIWORA) is more com-
mon in children than in adults (see Chapter 80). The term is rela-
tively outdated, because almost all injuries are detectable by MRI, 
but is still clinically useful when referring to spinal cord injuries 
evaluated by plain radiographs or CT. There seem to be two dis-
tinct forms of SCIWORA. The infantile form involves severe injury 
of the cervical or thoracic spinal cord; these patients have a poor 
chance of complete recovery. In older children and adolescents, 
SCIWORA is more likely to be a less severe injury, with a high like-
lihood of complete recovery over time. The adolescent form, also 
called transient neurapraxia, is assumed to be a spinal cord concus-
sion or mild contusion, as opposed to the severe spinal cord injury 
related to the mobility of the spine in small children.

Although the mechanisms of spinal cord injury in children include 
birth trauma, falls, and child abuse, the major cause of morbidity and 
mortality across all ages remains motor vehicle injuries. Adolescents 
incur spinal cord injuries with epidemiology similar to that of adults, 
including significant male predominance and a high likelihood of frac-
ture dislocations of the lower cervical spine or thoracolumbar region. 
In infants and children <5 years old, fractures and mechanical disrup-
tion of spinal elements are more likely to occur in the upper cervical 
spine between the occiput and C3. Certain conditions predispose to 
C-spine injury (Table 81.1).

CLINICAL MANIFESTATIONS
One in three patients with significant trauma to the spine and spi-
nal cord will have a concomitant severe head injury, which makes 
early diagnosis challenging. For these patients, clinical evaluation 
may be difficult. Patients with a potential spine injury need to be 
maintained in a protective environment, such as a collar, until the 
spine can be cleared by clinical and/or radiographic means. A care-
ful neurologic examination is necessary for infants with suspected 
spinal cord injuries. Complete spinal cord injury will lead to spinal 
shock with early areflexia (see Chapter 751). Severe C-spine inju-
ries will usually lead to paradoxical respiration in patients who are 
breathing spontaneously. Paradoxical respiration occurs when the 

diaphragm, which is innervated by the phrenic nerves with con-
tributions from C3, C4, and C5, is functioning normally, but the 
intercostal musculature innervated by the thoracic spinal cord is 
paralyzed. In this situation, inspiration fails to expand the chest 
wall but distends the abdomen. Other complications during the 
acute (2-48 hours) phase include autonomic dysfunction (bradyar-
rhythmias and tachyarrhythmias, orthostatic hypotension, hyper-
tension), temperature instability, thromboembolism, dysphagia, 
and bowel/bladder dysfunction.

The mildest injury to the spinal cord is transient quadriparesis 
evident for seconds or minutes with complete recovery in 24 hours. 
This injury follows a concussion of the cord and is most frequently 
seen in adolescent athletes. If their imaging is normal, these chil-
dren can generally return to normal activities after a period of rest 
from days to weeks, depending on the initial severity, similar to 
cerebral concussion management.

Significant spinal cord injury in the cervical region is charac-
terized by flaccid quadriparesis, loss of sphincter function, and a 
sensory level corresponding to the level of injury. An injury at the 
high cervical level (C1-C2) can cause respiratory arrest and death 
in the absence of ventilatory support. Injuries in the thoracic region 
are generally the result of fracture dislocations. They may produce 
paraplegia when at T10 or above or the conus medullaris syndrome 
if at the T12-L1 level. This includes a loss of urinary and rectal 
sphincter control, flaccid weakness, and sensory disturbances of the 
legs. A central cord lesion may result from contusion and hemor-
rhage in the center of the spinal cord (Fig. 81.1). It typically involves 
the upper extremities to a greater degree than the legs because the 
motor fibers to the cervical and thoracic region are more centrally 
located in the spinal cord. There are lower motor neuron signs in the 
upper extremities and upper motor neuron signs in the legs, blad-
der dysfunction, and loss of sensation caudal to the lesion. There 
may be considerable recovery, particularly in the lower extremities, 
although sequelae are common (see Chapter 751). 

CLEARING THE CERVICAL SPINE IN CHILDREN
The management of children after major trauma is challenging. 
For older children, the clearance is similar to a lucid adult, and the 
National Emergency X-Radiography Utilization Study (NEXUS) 
criteria are appropriate (see Chapter 80, Table 80.5). Clearing the 
cervical spine in younger and uncooperative children involves 
similar issues as in adults with an altered level of consciousness  

Chapter 81

Spinal Cord Injuries in 
Children
Katie P. Fehnel and Mark R. Proctor

Table 81.1    � Conditions that Predispose Patients to a  
Cervical Spine Injury

CATEGORY CONDITIONS

Abnormal development of 
the cervical spine

Trisomy 21
Larsen syndrome
Mucopolysaccharidosis IV/Morquio 

syndrome
Klippel-Feil syndrome
Achondroplasia
Chiari malformation
Syringomyelia

Abnormal bone and soft 
tissue

Marfan syndrome
Ehlers-Danlos syndrome
Osteogenesis imperfecta

Arthritis Ankylosing spondylitis
Rheumatoid arthritis

History of cervical spine 
injury or surgery

Modified from McCollum M, Guse S. Neck trauma: Cervical spine, seatbelt sign and 
penetrating palate injuries. Emerg Med Clin N Am. 2021;39:573-588, Table 1, p. 574.
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After a collision, a child remains with persistent neck pain and a focal hand sensory change.
Which disposition concerning clinical cervical-spine clearance follows the table?

A. Do not clear clinically on examination alone

B. Clear because the child is talking

C. Ignore sensory findings if a parent is present

D. Remove all precautions without evaluation

E. Only look for abdominal tenderness

Original table 81.2  |  Nelson printed p. 580  |  PDF p. 627

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 6
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(Table 81.2). Small children generally have a difficult-to-assess 
physical examination, and it is difficult to determine if they have 
cervical pain. Plain radiography remains a mainstay for assessing 
the spine because it is easy to obtain. There has been increasing 
emphasis on MRI for evaluation of potential C-spine instability, 
but in small children MRI requires sedation and in most centers 
the presence of an anesthesiologist (Fig. 81.2). CT scan is another 
important study with high sensitivity and specificity, but the risk of 
radiation exposure must be considered.

In addition to C-spine injury, neck trauma may also produce a radic-
ulopathy or neuropathy (Table 81.3). 

TREATMENT
The cervical spine should be immobilized in the field by the emer-
gency medical technicians. In cases of acute spinal cord injury, weak 
data suggest acute infusion of a bolus of high-dose (30 mg/kg) meth-
ylprednisolone, followed by a 23-hour infusion (5.4 mg/kg/hr). The 
data for this treatment are controversial; the current neurosurgical 
guidelines for management of adult spine trauma do not recom-
mend methylprednisolone; corticosteroids have not been specifically 
tested in children. As such, many centers no longer use them routinely. 

Maintenance of euvolemia and normotension is important, and vaso-
pressors might be needed if the sympathetic nervous system has been 
compromised.

Surgical management of spinal injuries must be tailored to the 
patient’s age but can be a crucial step in management. Any compression 
of the spinal cord must be surgically relieved to afford the best chance 
of a favorable outcome. In addition, spinal cord injury can be worsened 
by instability, so surgical stabilization can prevent further injury (Fig. 
81.3). In general, younger children have a higher healing capacity for 
bones and ligaments, and external immobilization might be considered 
for injuries that require surgery in older children and adults. However, 
some injuries are highly unstable and always require surgery. Occipi-
tocervical dislocation is one such highly unstable injury, and early 
surgery with fusion from the occiput to C2 or C3 should be performed, 
even in very young children. Fixation of the subaxial spine must be 
tailored to the size of the pedicles and other osseous structures of the 
developing axial skeleton. 

Paraplegia Quadriplegia Central Cord
Syndrome

Brown-Séquard
Syndrome

A DB C
Fig 81.1  Patterns of spinal cord injury. Note the contrast between these syndromes and peripheral nerve/radicular injuries based on the distribu-
tion of motor and/or sensory loss beyond the affected extremity. Paraplegia (A) and quadriplegia (B): Complete loss of motor and sensory function 
below the level of injury resulting in loss of function of the legs only or arms and legs, respectively. Central cord syndrome (C): Injury of the central 
spinal cord resulting in functional greater impact of arm motor function than legs. Sensory deficits in this injury are variable. Brown-Séquard syn-
drome (D): Injury to one-half of the spinal cord resulting in ipsilateral motor weakness with contralateral sensory loss below the level of the lesion. 
(From Jea A, Belal A, Zaazoue MA, Martin J. Cervical spine injury in children and adolescents. Pediatr Clin N Am. 2021;68:875-894: Fig. 11, p. 886.)

Table 81.2    � Risk Factors that Preclude Clinical Clearance  
of the C-Spine

HISTORY PHYSICAL EXAMINATION

Child or parent reports 
persistent neck pain, 
abnormal head posture, 
or difficulty with neck 
movement

Visible known substantial injury to 
chest, abdomen, or pelvis (injury 
that is life-threatening, warrants 
surgical intervention or inpatient 
admission)

History of focal sensory 
abnormality or motor deficit

GCS of <14

High-risk injury* Torticollis/abnormal head position

Posterior midline neck tenderness

Limited cervical range of motion

Inability to maintain focus due to 
other injuries

*Diving, high speed motor vehicle crash, bike crash, motorized all-terrain vehicle.
GCS, Glasgow Coma Scale.
Modified from McCollum M, Guse S. Neck trauma: Cervical spine, seatbelt sign and 
penetrating palate injuries. Emerg Med Clin N Am. 2021;39:573-588, Table 2, p. 575.

Fig. 81.2  T2-weighted MRI performed the day after the accident 
showed cervical spinal cord swelling combined with high signal inten-
sity (C1-C3) (arrow) and dislocation of C5-C6 (arrowhead). (From Inoue 
K, Kumada T, Fujii T, Kimura N. Progressive cervical spinal cord atrophy 
after a traffic accident. J Pediatr. 2017;180:287: Fig. 1, p. 287.)
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An injured child has neck pain radiating along one arm with focal weakness in a root
distribution but no diffuse long-tract signs. Which localization best fits the comparison table?

A. Radiculopathy

B. Myelopathy

C. Generalized peripheral polyneuropathy

D. Isolated cortical aphasia

E. Primary syncope

Original table 81.3  |  Nelson printed p. 581  |  PDF p. 628

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 7
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Table 81.3    � History and Examination Features Allowing for Discrimination of Myelopathy, Radiculopathy, and Peripheral  
Neuropathy

FINDING PERIPHERAL NEUROPATHY RADICULOPATHY MYELOPATHY

Pain
	•	 �Quality
	•	 �Location

“Electric”
Radiates either proximally or distally 

from injury site

Sharp, aching
Radiates distally from the neck

Typically painless

Weakness Variable, usually present Variable, usually present Variable, may be present

Sensory loss Sharply demarcated borders Indistinct borders Indistinct borders, typically extends 
beyond single extremity

Tone/reflexes Decreased Decreased Increased

From Jea A, Belal A, Zaazoue MA, Martin J. Cervical spine injury in children and adolescents. Pediatr Clin N Am. 2021;68:875-894, Table 4, p. 883.

A B C

Fig. 81.3  A 15-year-old hockey player suffered acute paraplegia after his head struck the boards during a hockey game. A, CT scan shows com-
pression fractures of C4 and C5. B, MRI shows severe spinal cord contusion. C, Because of the need to decompress the spinal cord and stabilize the 
spine, anterior and posterior surgery was performed. No meaningful recovery was obtained.

PREVENTION
The most important aspect of the care of spinal cord injuries in children 
is injury prevention. Use of appropriate child restraints in automobiles 
is the most important precaution. In older children and adolescents, 
rules against “spear tackling” in American football and the Feet First, 
First Time aimed at adolescents diving into swimming pools and natu-
ral water areas are important ways to help prevent severe cervical spinal 
cord injuries. Safe driving practices, such as using safety belts, avoiding 
distracted driving, and following the speed limit, can have substantial 
beneficial effects on injury rates.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

NEUROCRITICAL CARE PRINCIPLES
The brain has high metabolic demands, which are further increased 
during growth and development. Preservation of nutrient supply to 
the brain is the mainstay of care for children with evolving brain inju-
ries. Intracranial dynamics describes the physics of the interactions of 

Chapter 82

Neurologic Emergencies 
and Stabilization
Patrick M. Kochanek and Michael J. Bell

the contents—brain parenchyma, blood (arterial, venous, capillary), 
and cerebrospinal fluid (CSF)—within the cranium. Normally, brain 
parenchyma accounts for up to 85% of the contents of the cranial vault, 
and the remaining portion is divided between CSF and blood. The 
brain resides in a relatively rigid cranial vault, and cranial compliance 
decreases with age as the skull ossification centers gradually replace 
cartilage with bone. The intracranial pressure (ICP) is derived from 
the volume of its components and the bony compliance. The perfu-
sion pressure of the brain (cerebral perfusion pressure [CPP]) is equal 
to the pressure of blood entering the cranium (mean arterial pressure 
[MAP]) minus the ICP, in most cases.

Increases in intracranial volume can result from swelling, masses, 
or increases in blood and CSF volumes. As these volumes increase, 
compensatory mechanisms prevent increases in ICP by (1) decreas-
ing CSF volume (CSF is displaced into the spinal canal or absorbed 
by arachnoid villi), (2) decreasing cerebral blood volume (venous 
blood return to the thorax is augmented), and/or (3) increasing cranial 
volume (sutures pathologically expand or bone is remodeled). Once 
compensatory mechanisms are exhausted (the increase in cranial vol-
ume is too large), small increases in volume lead to clinically meaning-
ful increases in ICP or intracranial hypertension (Fig. 82.1). As ICP 
continues to increase, brain ischemia can occur as CPP falls. Further 
increases in ICP can ultimately displace the brain downward into the 
foramen magnum—a process called cerebral herniation, which can 
become irreversible in minutes and may lead to severe disability or 
death; Figure 82.2 notes other sites of brain herniation.

Oxygen and glucose are required by brain cells for normal function-
ing, and these nutrients must be constantly supplied by cerebral blood 
flow (CBF). Normally, CBF is constant over a wide range of blood pres-
sures (blood pressure autoregulation of CBF) via actions mainly within 
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A comatose adolescent opens the eyes to voice, makes incomprehensible sounds, and
withdraws from pain. Which assessment framework in the table records eye, verbal, and motor
responses separately?

A. Glasgow Coma Scale

B. BMI z score

C. APGAR score at 5 minutes

D. Phoenix sepsis score only

E. NEXUS criterion count

Original table 82.1  |  Nelson printed p. 583  |  PDF p. 630

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 8
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TRAUMATIC BRAIN INJURY
Etiology
Mechanisms of TBI include motor vehicle crashes, falls, assaults, and 
abusive head trauma. Most TBIs in children are from closed-head 
injuries. 

Epidemiology
TBI is an important pediatric public health problem, with over 800,000 
emergency department visits, 23,000 hospitalizations, and over 2,500 
deaths in children annually in the United States. It is also 1 of the top 
10 causes of years lost to disability throughout infancy, childhood, and 
adolescence. 

Pathology
Epidural, subdural, and parenchymal intracranial hemorrhages can 
result. Injury to gray or white matter is also commonly seen and 
includes focal cerebral contusions, diffuse cerebral swelling, axonal 
injury, and injury to the cerebellum or brainstem. Patients with severe 

TBI often have multiple findings; diffuse and potentially delayed cere-
bral swelling is common. 

Pathogenesis
TBI results in primary and secondary injury. Primary injury from the 
impact produces irreversible tissue disruption. In contrast, two types of 
secondary injury are targets of neurointensive care. First, some of the 
ultimate damage seen in the injured brain evolves over hours or days, 
and the underlying mechanisms involved (including edema, apoptosis, 
programmed necrosis, and secondary axotomy) are therapeutic targets. 
Second, the injured brain is vulnerable to additional insults because 
injury disrupts normal autoregulatory defense mechanisms; disruption 
of autoregulation of CBF can lead to ischemia from hypotension that 
would otherwise be tolerated by the uninjured brain. 

Clinical Manifestations
The hallmark of severe TBI is coma (GCS score 3-8). Coma is often 
seen immediately after the injury and is sustained. In some cases, such 
as with an epidural hematoma, a child may be initially alert on presen-
tation but may deteriorate after a period of hours. A similar picture 
can be seen in children with diffuse swelling in whom a talk-and-die 
scenario has been described. Clinicians should also not be lulled into 
underappreciating the potential for deterioration of a child with mod-
erate TBI (GCS score 9-12) with a significant contusion, because pro-
gressive swelling can potentially lead to devastating complications. In 
the comatose child with severe TBI, the second key clinical manifes-
tation is the development of intracranial hypertension. The develop-
ment of increased ICP with impending herniation may be heralded by 
new-onset or worsening headache, depressed level of consciousness, 
vital sign changes (hypertension, bradycardia, irregular respirations), 
and signs of sixth (lateral rectus palsy) or third (anisocoria [dilated 
pupil], ptosis, down-and-out position of globe as a result of rectus 
muscle palsies) cranial nerve compression. Increased ICP is managed 
with continuous ICP monitoring, as well as monitoring for clinical 
signs of increased ICP or impending herniation. The development of 
brain swelling is progressive. Significantly raised ICP (>20 mm Hg) 
can occur early after severe TBI, but peak ICP generally is seen at 48-
72 hours. Need for ICP-directed therapy may persist for longer than a 
week. A few children have coma without increased ICP resulting from 
axonal injury or brainstem injury. In addition to head trauma, it is criti-
cal to identify potential cervical spine injury (see Chapter 81). 

Laboratory Findings
Cranial CT should be obtained immediately after resuscitation and cardio-
pulmonary stabilization (Figs. 82.4-82.10). In some cases, MRI can be diag-
nostic (Fig. 82.11). An approach to CT scanning is noted in Figure 82.12. 
Generally, other laboratory findings are normal in isolated TBI, although 
occasionally coagulopathy or the development of the syndrome of inap-
propriate antidiuretic hormone (SIADH) secretion or cerebral salt wasting 
(CSW) is seen. In the setting of TBI with polytrauma, other injuries can 
result in laboratory and/or radiographic abnormalities, and a full trauma 
survey is important in all patients with severe TBI (see Chapter 80). 

Diagnosis and Differential Diagnosis
In severe TBI, the diagnosis is generally obvious from the history and 
clinical presentation. Occasionally, TBI severity can be overestimated 
because of concurrent alcohol or drug intoxication. The diagnosis of 
TBI can be problematic in cases of abusive head trauma or after an 
anoxic event such as drowning or smoke inhalation. 

Treatment
Infants and children with severe or moderate TBI (GCS score 3-8 
or 9-12, respectively) receive intensive care unit (ICU) monitoring. 
Evidence-based guidelines for the management of severe TBI have 
been published (Fig. 82.13 and Fig. 82.14). This approach to ICP-
directed therapy is also reasonable for other conditions in which 
ICP is monitored. Care involves a multidisciplinary team comprising 
pediatric caregivers from neurologic surgery, critical care medicine, 
surgery, and rehabilitation, among other services, and is directed at 

Table 82.1    � Commonly Used Coma Scores

GLASGOW COMA SCALE
Eye Opening
1 = does not open eyes
2 = opens eyes in response to noxious stimuli
3 = opens eyes in response to voice
4 = opens eyes spontaneously

Verbal Output
1 = makes no sounds
2 = makes incomprehensible sounds
3 = utters inappropriate words
4 = confused and disoriented
5 = speaks normally and oriented

Motor Response (Best)
1 = makes no movements
2 = extension to painful stimuli
3 = abnormal flexion to painful stimuli
4 = flexion/withdrawal to painful stimuli
5 = localized to painful stimuli
6 = obeys commands

FULL OUTLINE OF UNRESPONSIVENESS (FOUR) SCORE
Eye Response
4 = eyelids open or opened, tracking, or blinking to command
3 = eyelids open but not tracking
2 = eyelids closed but open to loud voice
1 = eyelids closed but open to pain
0 = eyelids remain closed with pain

Motor Response
4 = thumbs-up, fist, or peace sign
3 = localizing to pain
2 = flexion response to pain
1 = extension response to pain
0 = no response to pain or generalized myoclonus status

Brainstem Reflexes
4 = pupil and corneal reflexes present
3 = one pupil wide and fixed
2 = pupil or corneal reflexes absent
1 = pupil and corneal reflexes absent
0 = absent pupil, corneal, and cough reflex

Respiration
4 = not intubated, regular breathing pattern
3 = not intubated, Cheyne-Stokes breathing pattern
2 = not intubated, irregular breathing
1 = breathes above ventilatory rate
0 = breathes at ventilator rate or apnea

From Edlow JA, Rabinstein A, Traub SJ, Wijdicks EFM. Diagnosis of reversible causes of 
coma. Lancet. 2014;384:2064-2076.
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During a formal pediatric brain-death evaluation, a clinician assesses pupillary responses and
other brainstem reflexes. Which additional clinical domain in the table must be addressed?

A. Deep coma with absent meaningful responses

B. School grades in the prior year

C. A normal speech-language test

D. Dental eruption

E. A family history of migraine

Original table 83.1  |  Nelson printed p. 2  |  PDF p. 638

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9

Table 83.2     Ancillary Tests for Determining Brain Death

TEST CONFOUNDER/LIMITATION*
SENSITIVITY/
SPECIFICITY

BRAIN BLOOD FLOW
Computed tomography 

angiography
Requires transport to the scanner
Image variability based on injection technique
Potential to miss a slow flow state
Risk of nephrotoxicity
Not recommended by AAN 2023 Guidelines#

52–97% / 100%

Digital subtraction  
angiography†

Requires transport to angiography suite
Risk of nephrotoxicity
Image variability based on injection technique

100% / 100%

Magnetic resonance  
angiography

Requires transport to the scanner
Image variability based on injection technique

93–100% / 100%

Radionuclide angiography† Limited evaluation of brainstem 99% / 56%

Radionuclide scintigraphy† Requires transport to the scanner
Planar imaging may have limited evaluation of brainstem

Planar: 78% / 100%
SPECT: 88% / 100%

Transcranial Doppler  
ultrasonography†

Potential for technical difficulties in performance
Potential for lack of windows

90% / 98%

ELECTROPHYSIOLOGIC FUNCTION

Electroencephalography Risk of environmental artifact
Confounded by sedation, hypothermia and toxic-metabolic derangements
Predominantly provides information about cortical function

53–80% / 97%

Evoked potentials-auditory Can be absent in comatose patients with other intact brainstem reflexes
Confounded by sedation, hypothermia, isolated eighth nerve and brainstem lesions
Only evaluates auditory pathways
Performance/interpretation may be limited by experience

NA / NA

Evoked potentials- 
somatosensory

Can be absent in comatose patients with ongoing brain function
Confounded by cervical spine injury, isolated brainstem lesions, sedation, and hypothermia
Only evaluates somatosensory pathways
Performance/interpretation may be limited by experience

100% / 78%

Evoked potentials-visual Can be absent in comatose patients with ongoing brain function
Confounded by sedation, retinal or optic nerve lesions
Only evaluates visual pathways
Performance/interpretation may be limited by experience

NA / NA

*Performance/interpretation of all ancillary tests may be limited by experience
†Accepted by the World Brain Death Project (WBDP).
#Report of the AAN Guidelines Subcommittee, AAP, CNS, SCCM. Pediatric and adult brain death/death by neurologic criteria consensus guideline. Neurology 2023;101:1-21.
NA, Not available.
From Lewis A, Kirschen MP, Badenes R. Quality improvement in the determination of death by neurologic criteria around the world. Crit Care. 2023;27(1):96.

Table 83.1     Neurologic Examination to Evaluate a Patient for Brain Death

EXAM COMPONENT HOW TO PERFORM RESPONSE CONSISTENT WITH BRAIN DEATH

Coma Visual response: blink to visual threat
Auditory response: clapping and yelling the child’s name loudly
Tactile response: apply deep pressure to the condyles at the level of 

the temporomandibular joints, the supraorbital notch bilaterally, 
the sternum, and all four extremities proximally and distally

No response to visual or auditory stimuli; noxious 
stimuli do not produce grimacing, facial or body 
muscle movement, or any motor response other 
than spinally mediated reflexes

Pupillary light reflex
(CNs II and III)

Shine a bright light into each eye while closely observing  
pupillary size and reactivity

Absence of ipsilateral and contralateral  
pupillary response, with pupils fixed in a  
midsize or dilated position (4-6 mm) in both eyes

Corneal reflex
(CNs III, V, VII)

Touch the cornea of each eye with a cotton swab at the external 
border of the iris, applying light pressure and observing for any 
eyelid movement

Absence of eyelid movement

Oculocephalic reflex
(CNs III, VI, and VIII)

Confirm integrity of the cervical spine. Secure the endotracheal 
tube to prevent dislodgement; briskly rotate the head 
horizontally to both sides and observe for movement of the eyes

Absence of movement of the eyes relative to 
head movement; eyes follow the head  
movement, staying in mid-position

Oculovestibular reflex
(CNs III, IV, VI, and VIII)

Irrigate the ear canal with 50-60 mL of ice water for at least 60 sec 
while observing for eye movement; test each side separately 
and with a 5-min interval in between

Absence of eye movement

Gag and cough reflex
(CNs IX and X)

Touch the posterior pharynx with a tongue depressor or a rigid 
suction catheter to stimulate a gag; touch the tracheobronchial 
wall at the level of the carina with placement of a suction  
catheter through the endotracheal tube to stimulate a cough

Absence of both cough and gag

Sucking and rooting 
reflexes

Place a gloved finger inside the baby’s mouth to stimulate  
sucking; stroke the external surface of both cheeks and  
corners of the mouth to stimulate rooting

Absence of sucking and rooting

CN, Cranial nerve.
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A child undergoing formal brain-death determination cannot complete a required clinical
component because of a confounder. How should an ancillary-test choice be viewed according
to the table?

A. Select an accepted test while accounting for test limitations and confounders

B. Treat every blood-flow modality as interchangeable

C. Use a normal CT as proof of brain death

D. Skip documented prerequisites

E. Replace the clinical examination with a screening questionnaire

Original table 83.2  |  Nelson printed p. 2  |  PDF p. 638

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10

Table 83.2     Ancillary Tests for Determining Brain Death

TEST CONFOUNDER/LIMITATION*
SENSITIVITY/
SPECIFICITY

BRAIN BLOOD FLOW
Computed tomography 

angiography
Requires transport to the scanner
Image variability based on injection technique
Potential to miss a slow flow state
Risk of nephrotoxicity
Not recommended by AAN 2023 Guidelines#

52–97% / 100%

Digital subtraction  
angiography†

Requires transport to angiography suite
Risk of nephrotoxicity
Image variability based on injection technique

100% / 100%

Magnetic resonance  
angiography

Requires transport to the scanner
Image variability based on injection technique

93–100% / 100%

Radionuclide angiography† Limited evaluation of brainstem 99% / 56%

Radionuclide scintigraphy† Requires transport to the scanner
Planar imaging may have limited evaluation of brainstem

Planar: 78% / 100%
SPECT: 88% / 100%

Transcranial Doppler  
ultrasonography†

Potential for technical difficulties in performance
Potential for lack of windows

90% / 98%

ELECTROPHYSIOLOGIC FUNCTION

Electroencephalography Risk of environmental artifact
Confounded by sedation, hypothermia and toxic-metabolic derangements
Predominantly provides information about cortical function

53–80% / 97%

Evoked potentials-auditory Can be absent in comatose patients with other intact brainstem reflexes
Confounded by sedation, hypothermia, isolated eighth nerve and brainstem lesions
Only evaluates auditory pathways
Performance/interpretation may be limited by experience

NA / NA

Evoked potentials- 
somatosensory

Can be absent in comatose patients with ongoing brain function
Confounded by cervical spine injury, isolated brainstem lesions, sedation, and hypothermia
Only evaluates somatosensory pathways
Performance/interpretation may be limited by experience

100% / 78%

Evoked potentials-visual Can be absent in comatose patients with ongoing brain function
Confounded by sedation, retinal or optic nerve lesions
Only evaluates visual pathways
Performance/interpretation may be limited by experience

NA / NA

*Performance/interpretation of all ancillary tests may be limited by experience
†Accepted by the World Brain Death Project (WBDP).
#Report of the AAN Guidelines Subcommittee, AAP, CNS, SCCM. Pediatric and adult brain death/death by neurologic criteria consensus guideline. Neurology 2023;101:1-21.
NA, Not available.
From Lewis A, Kirschen MP, Badenes R. Quality improvement in the determination of death by neurologic criteria around the world. Crit Care. 2023;27(1):96.

Table 83.1     Neurologic Examination to Evaluate a Patient for Brain Death

EXAM COMPONENT HOW TO PERFORM RESPONSE CONSISTENT WITH BRAIN DEATH

Coma Visual response: blink to visual threat
Auditory response: clapping and yelling the child’s name loudly
Tactile response: apply deep pressure to the condyles at the level of 

the temporomandibular joints, the supraorbital notch bilaterally, 
the sternum, and all four extremities proximally and distally

No response to visual or auditory stimuli; noxious 
stimuli do not produce grimacing, facial or body 
muscle movement, or any motor response other 
than spinally mediated reflexes

Pupillary light reflex
(CNs II and III)

Shine a bright light into each eye while closely observing  
pupillary size and reactivity

Absence of ipsilateral and contralateral  
pupillary response, with pupils fixed in a  
midsize or dilated position (4-6 mm) in both eyes

Corneal reflex
(CNs III, V, VII)

Touch the cornea of each eye with a cotton swab at the external 
border of the iris, applying light pressure and observing for any 
eyelid movement

Absence of eyelid movement

Oculocephalic reflex
(CNs III, VI, and VIII)

Confirm integrity of the cervical spine. Secure the endotracheal 
tube to prevent dislodgement; briskly rotate the head 
horizontally to both sides and observe for movement of the eyes

Absence of movement of the eyes relative to 
head movement; eyes follow the head  
movement, staying in mid-position

Oculovestibular reflex
(CNs III, IV, VI, and VIII)

Irrigate the ear canal with 50-60 mL of ice water for at least 60 sec 
while observing for eye movement; test each side separately 
and with a 5-min interval in between

Absence of eye movement

Gag and cough reflex
(CNs IX and X)

Touch the posterior pharynx with a tongue depressor or a rigid 
suction catheter to stimulate a gag; touch the tracheobronchial 
wall at the level of the carina with placement of a suction  
catheter through the endotracheal tube to stimulate a cough

Absence of both cough and gag

Sucking and rooting 
reflexes

Place a gloved finger inside the baby’s mouth to stimulate  
sucking; stroke the external surface of both cheeks and  
corners of the mouth to stimulate rooting

Absence of sucking and rooting

CN, Cranial nerve.
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A teenager faints immediately after a painful needle stick and quickly recovers. Which
noncardiac category in the table best fits?

A. Reflex vasodepressor syncope

B. Primary ventricular tachycardia

C. Cardiac tamponade

D. Aortic stenosis

E. Acute stroke

Original table 84.1  |  Nelson printed p. 593  |  PDF p. 640

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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Table 84.1    � Noncardiac Causes of Syncope

REFLEX VASODEPRESSOR SYNCOPE
Neurocardiogenic (vasovagal)
Emotion (seeing blood)
Pain (needle phobia)
Reflex asystolic syncope (pallid breath-holding)

MISCELLANEOUS SITUATIONAL REFLEX
Tussive
Sneeze
Exercise, after exercise
Swallowing
Stretching
Defecation
Micturition
Hair grooming
Valsalva (increased intrathoracic pressure)
Trumpet playing
Weightlifting
Breath-holding spells (cyanotic)

SYSTEMIC ILLNESS
Hypoglycemia
Anemia
Infection
Hypovolemia, dehydration
Adrenal insufficiency
Narcolepsy, cataplexy
Pulmonary embolism
Pheochromocytoma
Mastocytosis
Ruptured ectopic pregnancy

CENTRAL NERVOUS SYSTEM
Seizure (atonic, absence, myoclonic-astatic)
Hyperekplexia
Stroke, transient ischemic attack
Friedreich ataxia
Subarachnoid hemorrhage

OTHER NEUROLOGIC
Dysautonomia
Myotonic dystrophy
Kearns-Sayre syndrome
Congenital myasthenia gravis
Basilar artery migraine
Arnold Chiari malformation

DRUG EFFECTS
β-Blocking agents
Vasodilating agents
Opiates
Sedatives
Diuretics
Anticonvulsant agents
Antihistamines
Antidepressant agents
Anxiolytic agents
Drugs of abuse
Insulin, oral hypoglycemic agents
Carbon monoxide

OTHER ETIOLOGIES
Carotid sinus sensitivity
Subclavian steal
Panic attack, anxiety
Conversion disorder

Table 84.2    � Comparison of Clinical Features of Syncope and Seizures

FEATURES SYNCOPE SEIZURES

Relation to posture Common No

Time of day Diurnal Diurnal or nocturnal

Precipitating factors Emotion, injury, pain, 
crowds, heat, exercise, 
fear, dehydration, 
coughing, micturition, 
venipuncture, 
prolonged standing

Sleep loss, drug/
alcohol withdrawal, 
illness, medication 
nonadherence

Skin color Pallor Cyanosis or normal

Diaphoresis Common Rare

Aura or premonitory 
symptoms

Often minutes or 
longer, but can be 
very brief

Brief

Convulsion Rare Common

Other abnormal 
movements

Minor irregular 
twitching

Rhythmic jerks

Injury Rare Common (with  
convulsive seizures)

FEATURES SYNCOPE SEIZURES

Urinary incontinence Rare Common

Tongue biting No Common with  
convulsive seizures

Postictal confusion Rare Common

Postictal headache No Common

Focal neurologic 
signs

No Occasional

Cardiovascular signs Common to have low 
blood pressure and 
heart rate during 
event; cardiovascular 
exam may be 
completely normal 
after event unless 
there is an underlying 
cardiac disorder

Rare

Abnormal findings 
on EEG

Rare (generalized 
slowing may occur 
during the event)

Common

From Winkel D, Cassimatis D. Episodic impairment of consciousness. In: Jankovic JM, Mazziotta JC, Pomeroy SL, Newman NJ, eds. Bradley and Daroff’s Neurology in Clinical 
Practice, 8th ed. Philadelphia: Elsevier; 2021.
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A child briefly loses consciousness after standing in a hot room; the child becomes pale and
sweaty and awakens quickly without prolonged confusion. Which event is favored by the
comparison table?

A. Syncope

B. Generalized tonic-clonic seizure

C. Psychotic episode

D. Narcolepsy with cataplexy

E. Delirium

Original table 84.2  |  Nelson printed p. 593  |  PDF p. 640

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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Table 84.1    � Noncardiac Causes of Syncope

REFLEX VASODEPRESSOR SYNCOPE
Neurocardiogenic (vasovagal)
Emotion (seeing blood)
Pain (needle phobia)
Reflex asystolic syncope (pallid breath-holding)

MISCELLANEOUS SITUATIONAL REFLEX
Tussive
Sneeze
Exercise, after exercise
Swallowing
Stretching
Defecation
Micturition
Hair grooming
Valsalva (increased intrathoracic pressure)
Trumpet playing
Weightlifting
Breath-holding spells (cyanotic)

SYSTEMIC ILLNESS
Hypoglycemia
Anemia
Infection
Hypovolemia, dehydration
Adrenal insufficiency
Narcolepsy, cataplexy
Pulmonary embolism
Pheochromocytoma
Mastocytosis
Ruptured ectopic pregnancy

CENTRAL NERVOUS SYSTEM
Seizure (atonic, absence, myoclonic-astatic)
Hyperekplexia
Stroke, transient ischemic attack
Friedreich ataxia
Subarachnoid hemorrhage

OTHER NEUROLOGIC
Dysautonomia
Myotonic dystrophy
Kearns-Sayre syndrome
Congenital myasthenia gravis
Basilar artery migraine
Arnold Chiari malformation

DRUG EFFECTS
β-Blocking agents
Vasodilating agents
Opiates
Sedatives
Diuretics
Anticonvulsant agents
Antihistamines
Antidepressant agents
Anxiolytic agents
Drugs of abuse
Insulin, oral hypoglycemic agents
Carbon monoxide

OTHER ETIOLOGIES
Carotid sinus sensitivity
Subclavian steal
Panic attack, anxiety
Conversion disorder

Table 84.2    � Comparison of Clinical Features of Syncope and Seizures

FEATURES SYNCOPE SEIZURES

Relation to posture Common No

Time of day Diurnal Diurnal or nocturnal

Precipitating factors Emotion, injury, pain, 
crowds, heat, exercise, 
fear, dehydration, 
coughing, micturition, 
venipuncture, 
prolonged standing

Sleep loss, drug/
alcohol withdrawal, 
illness, medication 
nonadherence

Skin color Pallor Cyanosis or normal

Diaphoresis Common Rare

Aura or premonitory 
symptoms

Often minutes or 
longer, but can be 
very brief

Brief

Convulsion Rare Common

Other abnormal 
movements

Minor irregular 
twitching

Rhythmic jerks

Injury Rare Common (with  
convulsive seizures)

FEATURES SYNCOPE SEIZURES

Urinary incontinence Rare Common

Tongue biting No Common with  
convulsive seizures

Postictal confusion Rare Common

Postictal headache No Common

Focal neurologic 
signs

No Occasional

Cardiovascular signs Common to have low 
blood pressure and 
heart rate during 
event; cardiovascular 
exam may be 
completely normal 
after event unless 
there is an underlying 
cardiac disorder

Rare

Abnormal findings 
on EEG

Rare (generalized 
slowing may occur 
during the event)

Common

From Winkel D, Cassimatis D. Episodic impairment of consciousness. In: Jankovic JM, Mazziotta JC, Pomeroy SL, Newman NJ, eds. Bradley and Daroff’s Neurology in Clinical 
Practice, 8th ed. Philadelphia: Elsevier; 2021.
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A child says “the room is spinning” while remaining fully conscious. Which symptom category
in the table best describes this?

A. Vertigo

B. Presyncope

C. Disequilibrium

D. Lightheadedness

E. Syncope

Original table 84.3  |  Nelson printed p. 594  |  PDF p. 641

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13
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From MacNeill E, Vashist S. Approach to syncope and altered mental status. Pediatr Clin N Am. 2013;60:1083-1106.

Table 84.4    � Causes of Cardiovascular Syncope: Potentially Fatal If Unrecognized

ARRHYTHMIAS
Bradyarrhythmias
	1.	� Sinus node dysfunction (especially in patients with congenital heart 

defects)
	2.	� Atrioventricular block (congenital or acquired; Lyme, Fabry, Chagas 

diseases)
	3.	� Kearns-Sayre syndrome
	4.	� Pacemaker malfunction

Tachyarrhythmias
	1.	� Supraventricular
	 a.	� Wolff-Parkinson-White syndrome
	 b.	� Supraventricular tachycardia/atrial arrhythmias (especially in 

patients with congenital heart defects)
	2.	� Ventricular: ventricular tachycardia/torsades/ventricular fibrillation
	 a.	� Channelopathies
	 •	 �Long QT syndromes
	 •	 �Catecholaminergic polymorphic ventricular tachycardia
	 •	 �Brugada syndrome
	 •	 �Short QT syndrome
	 b.	� Drug induced
	 c.	� Idiopathic
	 •	 �Ventricular fibrillation
	 •	 �Ventricular tachycardia from outflow tract

STRUCTURAL/FUNCTIONAL HEART DISEASE
Cardiomyopathy
	1.	� Hypertrophic cardiomyopathy
	2.	� Dilated cardiomyopathy
	3.	� Arrhythmogenic right ventricular dysplasia
	4.	� Left ventricular noncompaction

Coronary Anomalies
	1.	� Anomalous origin
	2.	� Kawasaki disease
	3.	� Multisystemic inflammatory syndrome in children (MIS-C) secondary 

to SARS-CoV-2

Valvar Aortic Mitral or Pulmonary Stenosis

Takotsubo Disease

Acute Myocarditis

Congenital Heart Disease (Repaired and Unrepaired)

Pulmonary Hypertension, Pulmonary Embolus

Aortic Dissection (Marfan Syndrome)

Cardiac Masses (Myxoma, Rhabdomyoma, Thrombus)

Eisenmenger Syndrome

Table 84.3    � Syncope and Dizziness

VERTIGO PRESYNCOPE DISEQUILIBRIUM LIGHTHEADEDNESS

Patient complaint “My head is spinning.”
“The room is whirling.”

“I feel I might pass out.”
“I feel faint.”
“I feel like blacking out.”

“I feel unsteady.”
“My balance is off.”

“I feel dizzy.”
“I feel disconnected, 

drugged.”

Associated  
features

Motion, swaying, spinning, 
nystagmus

Syncope: loss of postural tone, 
brief loss of consciousness

Situational

Poor balance
No vertigo or ataxia

Anxiety, hyperventilation, 
paresthesias, respiratory 
alkalosis, panic attacks

Usual cause Vestibular disorders Impaired cerebral perfusion Sensory and/or central 
neurologic dysfunction

Decreased venous return

Key differential 
diagnoses

Peripheral (labyrinthine-cochlear) 
vs central neurologic disorder

Neurocardiogenic (vagal) vs 
cardiac syncope vs  
neuropsychiatric syncope

Sensory deficit vs central 
neurologic disease

Anxiety/depression vs 
hyperventilation vs  
medication effects

Adapted from Cohen G. Syncope and dizziness. In: Kliegman RM, Lye PS, Bordini BJ, et al., eds. Nelson Pediatric Symptom-Based Diagnosis; 2018: Table 6.1, p. 84.

EVALUATION
The most important goal in the evaluation of the new patient with syn-
cope is to diagnose life-threatening causes of syncope so that these causes 
can be managed and more severe outcomes avoided. Many patients pre-
senting with sudden cardiac arrest caused by conditions such as LQTS 
will have previously experienced an episode of syncope, so the presenta-
tion with syncope is an opportunity to prevent sudden death.

The most important tool in evaluation of syncope is a careful personal 
and family history. The characteristics of cardiac syncope differ signifi-
cantly from benign causes of syncope such as neurocardiogenic syncope 
(Table 84.6). Several red flags can be identified that should lead the clini-
cian to suspect that the mechanism is a life-threatening cardiac cause 
rather than simple fainting (Table 84.7). The occurrence during exercise 
suggests an arrhythmia or an outflow tract or coronary artery obstruc-
tion. Noncardiac (postexercise) syncope is seen in athletes after a strenu-
ous workout or competition and has no associated cardiac features. The 
occurrence of syncope resulting in injury also suggests an arrhythmia, as 
it indicates a sudden onset with a lack of adequate prodromal symptoms. 
The occurrence of syncope while recumbent would be quite unusual in a 
patient with neurocardiogenic syncope and therefore suggests a cardiac 
or neurologic cause. Occasionally, a patient with syncope caused by a 
tachyarrhythmia will report the sensation of a racing heart before the 
event, but this is often not present.

A careful family history is essential in evaluation of syncope. Specifi-
cally, if there are first-degree relatives with inherited syndromes, such 
as LQTS, CPVT, or HCM, this should lead to more specific evaluation 
of the patient. If relatives died suddenly at a young age without a clear 
and convincing cause, inherited cardiac arrhythmias or cardiomyopa-
thies should also be suspected. Other questions that may increase sus-
picion for an inherited arrhythmia include family history of congenital 
deafness, unexplained recurrent syncope, poorly controlled seizures, 
single-vehicle car accidents, or drowning events.

Patients with a history of heart disease requiring surgical repair 
may have causes of syncope that are specific to their repair. Sinus node 
dysfunction is common after the Senning or Mustard procedure for 
transposition of the great vessels or after the Fontan procedure for 
single-ventricle palliation. VT may be seen after repair of tetralogy of 
Fallot. A patient with a history of repair of a ventricular septal defect or 
an AV canal defect should be evaluated for the late occurrence of AV 
block. Patients with an implanted pacemaker should be evaluated for 
pacemaker lead failure.
The physical examination may also offer clues (see Table 84.7) 

that point toward cardiac syncope. Patients with HCM or aortic 
stenosis may have a prominent cardiac impulse and/or an ejec-
tion murmur. A patient with primary pulmonary hypertension 
will have a displaced apical impulse, with a loud and single second 
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A teen faints while running and reports a family history of sudden cardiac death. Which
potentially fatal category listed in the table requires evaluation?

A. Inherited cardiac arrhythmia

B. Habitual motion sickness

C. Simple fear of needles alone

D. Primary constipation

E. Normal pubertal growth

Original table 84.4  |  Nelson printed p. 594  |  PDF p. 641

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14

594  Part VII  u  Emergency Medicine, Critical Care, and Anesthesia

From MacNeill E, Vashist S. Approach to syncope and altered mental status. Pediatr Clin N Am. 2013;60:1083-1106.

Table 84.4    � Causes of Cardiovascular Syncope: Potentially Fatal If Unrecognized

ARRHYTHMIAS
Bradyarrhythmias
	1.	� Sinus node dysfunction (especially in patients with congenital heart 

defects)
	2.	� Atrioventricular block (congenital or acquired; Lyme, Fabry, Chagas 

diseases)
	3.	� Kearns-Sayre syndrome
	4.	� Pacemaker malfunction

Tachyarrhythmias
	1.	� Supraventricular
	 a.	� Wolff-Parkinson-White syndrome
	 b.	� Supraventricular tachycardia/atrial arrhythmias (especially in 

patients with congenital heart defects)
	2.	� Ventricular: ventricular tachycardia/torsades/ventricular fibrillation
	 a.	� Channelopathies
	 •	 �Long QT syndromes
	 •	 �Catecholaminergic polymorphic ventricular tachycardia
	 •	 �Brugada syndrome
	 •	 �Short QT syndrome
	 b.	� Drug induced
	 c.	� Idiopathic
	 •	 �Ventricular fibrillation
	 •	 �Ventricular tachycardia from outflow tract

STRUCTURAL/FUNCTIONAL HEART DISEASE
Cardiomyopathy
	1.	� Hypertrophic cardiomyopathy
	2.	� Dilated cardiomyopathy
	3.	� Arrhythmogenic right ventricular dysplasia
	4.	� Left ventricular noncompaction

Coronary Anomalies
	1.	� Anomalous origin
	2.	� Kawasaki disease
	3.	� Multisystemic inflammatory syndrome in children (MIS-C) secondary 

to SARS-CoV-2

Valvar Aortic Mitral or Pulmonary Stenosis

Takotsubo Disease

Acute Myocarditis

Congenital Heart Disease (Repaired and Unrepaired)

Pulmonary Hypertension, Pulmonary Embolus

Aortic Dissection (Marfan Syndrome)

Cardiac Masses (Myxoma, Rhabdomyoma, Thrombus)

Eisenmenger Syndrome

Table 84.3    � Syncope and Dizziness

VERTIGO PRESYNCOPE DISEQUILIBRIUM LIGHTHEADEDNESS

Patient complaint “My head is spinning.”
“The room is whirling.”

“I feel I might pass out.”
“I feel faint.”
“I feel like blacking out.”

“I feel unsteady.”
“My balance is off.”

“I feel dizzy.”
“I feel disconnected, 

drugged.”

Associated  
features

Motion, swaying, spinning, 
nystagmus

Syncope: loss of postural tone, 
brief loss of consciousness

Situational

Poor balance
No vertigo or ataxia

Anxiety, hyperventilation, 
paresthesias, respiratory 
alkalosis, panic attacks

Usual cause Vestibular disorders Impaired cerebral perfusion Sensory and/or central 
neurologic dysfunction

Decreased venous return

Key differential 
diagnoses

Peripheral (labyrinthine-cochlear) 
vs central neurologic disorder

Neurocardiogenic (vagal) vs 
cardiac syncope vs  
neuropsychiatric syncope

Sensory deficit vs central 
neurologic disease

Anxiety/depression vs 
hyperventilation vs  
medication effects

Adapted from Cohen G. Syncope and dizziness. In: Kliegman RM, Lye PS, Bordini BJ, et al., eds. Nelson Pediatric Symptom-Based Diagnosis; 2018: Table 6.1, p. 84.

EVALUATION
The most important goal in the evaluation of the new patient with syn-
cope is to diagnose life-threatening causes of syncope so that these causes 
can be managed and more severe outcomes avoided. Many patients pre-
senting with sudden cardiac arrest caused by conditions such as LQTS 
will have previously experienced an episode of syncope, so the presenta-
tion with syncope is an opportunity to prevent sudden death.

The most important tool in evaluation of syncope is a careful personal 
and family history. The characteristics of cardiac syncope differ signifi-
cantly from benign causes of syncope such as neurocardiogenic syncope 
(Table 84.6). Several red flags can be identified that should lead the clini-
cian to suspect that the mechanism is a life-threatening cardiac cause 
rather than simple fainting (Table 84.7). The occurrence during exercise 
suggests an arrhythmia or an outflow tract or coronary artery obstruc-
tion. Noncardiac (postexercise) syncope is seen in athletes after a strenu-
ous workout or competition and has no associated cardiac features. The 
occurrence of syncope resulting in injury also suggests an arrhythmia, as 
it indicates a sudden onset with a lack of adequate prodromal symptoms. 
The occurrence of syncope while recumbent would be quite unusual in a 
patient with neurocardiogenic syncope and therefore suggests a cardiac 
or neurologic cause. Occasionally, a patient with syncope caused by a 
tachyarrhythmia will report the sensation of a racing heart before the 
event, but this is often not present.

A careful family history is essential in evaluation of syncope. Specifi-
cally, if there are first-degree relatives with inherited syndromes, such 
as LQTS, CPVT, or HCM, this should lead to more specific evaluation 
of the patient. If relatives died suddenly at a young age without a clear 
and convincing cause, inherited cardiac arrhythmias or cardiomyopa-
thies should also be suspected. Other questions that may increase sus-
picion for an inherited arrhythmia include family history of congenital 
deafness, unexplained recurrent syncope, poorly controlled seizures, 
single-vehicle car accidents, or drowning events.

Patients with a history of heart disease requiring surgical repair 
may have causes of syncope that are specific to their repair. Sinus node 
dysfunction is common after the Senning or Mustard procedure for 
transposition of the great vessels or after the Fontan procedure for 
single-ventricle palliation. VT may be seen after repair of tetralogy of 
Fallot. A patient with a history of repair of a ventricular septal defect or 
an AV canal defect should be evaluated for the late occurrence of AV 
block. Patients with an implanted pacemaker should be evaluated for 
pacemaker lead failure.
The physical examination may also offer clues (see Table 84.7) 

that point toward cardiac syncope. Patients with HCM or aortic 
stenosis may have a prominent cardiac impulse and/or an ejec-
tion murmur. A patient with primary pulmonary hypertension 
will have a displaced apical impulse, with a loud and single second 
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An adolescent with congenital sensorineural deafness has syncope and a prolonged QT
interval. Which electrical disorder variant in the table matches this combination?

A. Jervell-Lange-Nielsen syndrome

B. Romano-Ward syndrome with normal hearing

C. Typical AV nodal reentrant tachycardia

D. Isolated vasovagal syncope

E. Sinus arrhythmia

Original table 84.5  |  Nelson printed p. 595  |  PDF p. 642

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15
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Table 84.5    � Primary Electrical Abnormalities: Features, ECG, and Treatment

PRIMARY ELECTRICAL 
ABNORMALITIES FEATURES ECG TREATMENT

LQTS: Romano-Ward, 
Jervell–Lange-Nielsen, 
acquired

	•	 �Familial genetic or acquired  
disorders

	•	 �Ion channel pathologic gene  
variant (~17 genes)*

	•	 �Presents in torsades de pointes
	•	 �Romano-Ward is most common 

inherited
	•	 �LQTS Jervell–Lange-Nielsen has 

congenital deafness

	•	 �Prolonged QT measured from the 
onset of the Q wave to the end of 
the T wave in lead II

	•	 �Varies with HR but >0.44 in men, 
>0.46 in children and women for HR 
50-90 beats/min is prolonged

	•	 �Torsades de pointes can occur
	•	 �Can deteriorate from polymorphic 

ventricular tachycardia to ventricular 
fibrillation

	•	 �β-Blocker therapy
	•	 �Recommendations on  

exercise intensity by a  
cardiologist

	•	 �ICD if β blockers fail

Brugada syndrome 	•	 �Inherited autosomal dominant 
arrhythmogenic syndrome 
characterized by life-threatening 
ventricular arrhythmias

	•	 �Pathologic gene variant in SCN5A 
and 13 other genes

	•	 �ECG abnormalities are from 
repolarization and depolarization 
abnormalities

	•	 �Coved-type ST-segment elevations 
in the right precordial leads

	•	 �J wave amplitude ≥2 mm followed 
by a negative T wave

	•	 �Placement of ICD

Wolff-Parkinson-White 	•	 �Owing to one or more reentrant 
pathways inducing SVT or atrial 
fibrillation

	•	 �Up to 14% associated with  
malignant tachycardias

	•	 �Malignant arrhythmias from short 
reentrant pathway repolarization 
or multiple pathways

	•	 �Short PR interval
	•	 �Delta waves present

	•	 �Undergo EPS and ablation

Dilated cardiomyopathy: 
ventricular tachycardia/
fibrillation

	•	 �Cardiac dilation and systolic  
dysfunction

	•	 �Inherited or acquired
	•	 �Lamin AC pathologic gene variant 

a common cause of DCM and SCD

	•	 �Marked LVH
	•	 �Poor R-wave progression
	•	 �Left atrial enlargement
	•	 �Right axis deviation

	•	 �Permanent pacemaker and 
ICD placement

Catecholamine-exercise: 
ventricular tachycardia

	•	 �Ventricular ectopy induced by 
exercise or emotional stress

	•	 �Variant in gene that encodes  
Ca-mediated sarcoplasmic fibers

	•	 �Lethal in 30–50% if left untreated

	•	 �Preexercise ECG is usually normal, 
stress testing recommended

	•	 �ECG with exercise
	•	 �Nonsustained wide ventricular 

tachycardia

	•	 �β-Blocker therapy
	•	 �Recommendations on exercise 

intensity by a cardiologist
	•	 �ICD if β blockers fail

DCM, Dilated cardiomyopathy; EPS, electrophysiology study; HR, heart rate; ICD, implantable cardioverter defibrillator; LQTS, long QT syndrome; LVH, left ventricular hypertrophy; 
SCD, sudden cardiac death; SVT, supraventricular tachycardia.

*Major genes: KCNQ1, KCNH2, SCN5A in ~75% cases.
Modified from Ellison S. Sudden cardiac death in adolescents. Prim Care Clin Office Pract. 2015;42:57-76.

Table 84.6    � Differentiating Features for Causes of Syncope

NEUROCARDIOGENIC
Symptoms after prolonged motionless standing, sudden unexpected pain, fear, or unpleasant sight, sound, or smell; pallor
Syncope in a well-trained athlete after exertion (without heart disease)
Situational syncope during or immediately after micturition, cough, swallowing, or defecation
Syncope with throat or facial pain (glossopharyngeal or trigeminal neuralgia)

ORGANIC HEART DISEASE (PRIMARY ARRHYTHMIA, OBSTRUCTIVE HYPERTROPHIC CARDIOMYOPATHY, PULMONARY HYPERTENSION)
Brief sudden loss of consciousness, no prodrome, history of heart disease
Syncope while sitting or supine
Syncope with exertion
History of palpitations
Family history of sudden death

NEUROLOGIC
Seizures: preceding aura, postevent symptoms lasting >5 min (includes postictal state of decreased level of consciousness, confusion, headache, 

or paralysis)
Migraine: syncope associated with antecedent headaches with or without aura

OTHER VASCULAR
Carotid sinus: syncope with head rotation or pressure on the carotid sinus (as in tumors, shaving, tight collars)
Orthostatic hypotension: syncope immediately on standing, especially after prolonged bed rest

DRUG INDUCED
Patient is taking a medication that may lead to long QT syndrome, orthostasis, or bradycardia

PSYCHIATRIC ILLNESS
Frequent syncope, somatic complaints, no heart disease

From Cohen G. Syncope and dizziness. In: Kliegman RM, Lye PS, Bordini BJ, et al., eds. Nelson Pediatric Symptom-Based Diagnosis. Philadelphia: Elsevier; 2018: Table 6.4.
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A well-trained adolescent athlete faints after finishing a strenuous run, not during exercise, and
had a prodrome. Which category is compatible with the differentiation table?

A. Neurocardiogenic syncope

B. A diagnosis of ventricular tachycardia is proven

C. Uncal herniation

D. Uncomplicated epilepsy is proven

E. Pheochromocytoma is mandatory

Original table 84.6  |  Nelson printed p. 595  |  PDF p. 642

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16
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Table 84.5    � Primary Electrical Abnormalities: Features, ECG, and Treatment

PRIMARY ELECTRICAL 
ABNORMALITIES FEATURES ECG TREATMENT

LQTS: Romano-Ward, 
Jervell–Lange-Nielsen, 
acquired

	•	 �Familial genetic or acquired  
disorders

	•	 �Ion channel pathologic gene  
variant (~17 genes)*

	•	 �Presents in torsades de pointes
	•	 �Romano-Ward is most common 

inherited
	•	 �LQTS Jervell–Lange-Nielsen has 

congenital deafness

	•	 �Prolonged QT measured from the 
onset of the Q wave to the end of 
the T wave in lead II

	•	 �Varies with HR but >0.44 in men, 
>0.46 in children and women for HR 
50-90 beats/min is prolonged

	•	 �Torsades de pointes can occur
	•	 �Can deteriorate from polymorphic 

ventricular tachycardia to ventricular 
fibrillation

	•	 �β-Blocker therapy
	•	 �Recommendations on  

exercise intensity by a  
cardiologist

	•	 �ICD if β blockers fail

Brugada syndrome 	•	 �Inherited autosomal dominant 
arrhythmogenic syndrome 
characterized by life-threatening 
ventricular arrhythmias

	•	 �Pathologic gene variant in SCN5A 
and 13 other genes

	•	 �ECG abnormalities are from 
repolarization and depolarization 
abnormalities

	•	 �Coved-type ST-segment elevations 
in the right precordial leads

	•	 �J wave amplitude ≥2 mm followed 
by a negative T wave

	•	 �Placement of ICD

Wolff-Parkinson-White 	•	 �Owing to one or more reentrant 
pathways inducing SVT or atrial 
fibrillation

	•	 �Up to 14% associated with  
malignant tachycardias

	•	 �Malignant arrhythmias from short 
reentrant pathway repolarization 
or multiple pathways

	•	 �Short PR interval
	•	 �Delta waves present

	•	 �Undergo EPS and ablation

Dilated cardiomyopathy: 
ventricular tachycardia/
fibrillation

	•	 �Cardiac dilation and systolic  
dysfunction

	•	 �Inherited or acquired
	•	 �Lamin AC pathologic gene variant 

a common cause of DCM and SCD

	•	 �Marked LVH
	•	 �Poor R-wave progression
	•	 �Left atrial enlargement
	•	 �Right axis deviation

	•	 �Permanent pacemaker and 
ICD placement

Catecholamine-exercise: 
ventricular tachycardia

	•	 �Ventricular ectopy induced by 
exercise or emotional stress

	•	 �Variant in gene that encodes  
Ca-mediated sarcoplasmic fibers

	•	 �Lethal in 30–50% if left untreated

	•	 �Preexercise ECG is usually normal, 
stress testing recommended

	•	 �ECG with exercise
	•	 �Nonsustained wide ventricular 

tachycardia

	•	 �β-Blocker therapy
	•	 �Recommendations on exercise 

intensity by a cardiologist
	•	 �ICD if β blockers fail

DCM, Dilated cardiomyopathy; EPS, electrophysiology study; HR, heart rate; ICD, implantable cardioverter defibrillator; LQTS, long QT syndrome; LVH, left ventricular hypertrophy; 
SCD, sudden cardiac death; SVT, supraventricular tachycardia.

*Major genes: KCNQ1, KCNH2, SCN5A in ~75% cases.
Modified from Ellison S. Sudden cardiac death in adolescents. Prim Care Clin Office Pract. 2015;42:57-76.

Table 84.6    � Differentiating Features for Causes of Syncope

NEUROCARDIOGENIC
Symptoms after prolonged motionless standing, sudden unexpected pain, fear, or unpleasant sight, sound, or smell; pallor
Syncope in a well-trained athlete after exertion (without heart disease)
Situational syncope during or immediately after micturition, cough, swallowing, or defecation
Syncope with throat or facial pain (glossopharyngeal or trigeminal neuralgia)

ORGANIC HEART DISEASE (PRIMARY ARRHYTHMIA, OBSTRUCTIVE HYPERTROPHIC CARDIOMYOPATHY, PULMONARY HYPERTENSION)
Brief sudden loss of consciousness, no prodrome, history of heart disease
Syncope while sitting or supine
Syncope with exertion
History of palpitations
Family history of sudden death

NEUROLOGIC
Seizures: preceding aura, postevent symptoms lasting >5 min (includes postictal state of decreased level of consciousness, confusion, headache, 

or paralysis)
Migraine: syncope associated with antecedent headaches with or without aura

OTHER VASCULAR
Carotid sinus: syncope with head rotation or pressure on the carotid sinus (as in tumors, shaving, tight collars)
Orthostatic hypotension: syncope immediately on standing, especially after prolonged bed rest

DRUG INDUCED
Patient is taking a medication that may lead to long QT syndrome, orthostasis, or bradycardia

PSYCHIATRIC ILLNESS
Frequent syncope, somatic complaints, no heart disease

From Cohen G. Syncope and dizziness. In: Kliegman RM, Lye PS, Bordini BJ, et al., eds. Nelson Pediatric Symptom-Based Diagnosis. Philadelphia: Elsevier; 2018: Table 6.4.
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A 15-year-old suddenly faints while swimming and has a family history of unexplained
drowning. Which interpretation best follows the red-flag table?

A. Urgent evaluation for cardiac syncope is warranted

B. This is a reassuring classic prolonged-standing faint

C. The family history has no relevance

D. The event is automatically a seizure

E. No ECG should be considered

Original table 84.7  |  Nelson printed p. 596  |  PDF p. 643

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 17
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Table 84.7    � Red Flags in Evaluation of Patients with  
Syncope

Syncope with activity or exercise or supine
Syncope not associated with prolonged standing
Syncope precipitated by loud noise or extreme emotion
Absence of presyncope or lightheadedness
Family history of syncope, drowning, sudden death, familial  

ventricular arrhythmia syndromes,* cardiomyopathy
Syncope requiring CPR
Injury with syncope
Anemia
Other cardiac symptoms
Chest pain
Dyspnea
Palpitations
History of cardiac surgery
History of Kawasaki disease
Implanted pacemaker
Abnormal physical examination

Murmur
Gallop rhythm
Loud and single second heart sound
Systolic click
Increased apical impulse (tachycardia)
Irregular rhythm
Hypotension or hypertension
Digital clubbing
Cyanosis

*Long QT syndrome, Brugada syndrome, catecholamine polymorphic ventricular 
tachycardia, arrhythmogenic cardiomyopathy.

heart sound, with an ejection click or murmur of pulmonary insuf-
ficiency. Patients with repaired congenital heart disease will have 
obvious scars on their chest and abdomen from prior cardiac sur-
gery or device implantation.

All patients presenting with syncope should have an electrocardio-
gram, looking primarily for QT interval prolongation, preexcitation, 
ventricular hypertrophy, T-wave abnormalities, and conduction abnor-
malities. Additional tests that may be needed include echocardiogra-
phy, exercise testing, cardiac MRI, or 24-hour Holter monitoring. In 
patients for whom there is a strong suspicion of a paroxysmal arrhyth-
mia, an insertable cardiac monitor (loop recorder) may offer the most 
effective means of diagnosis. Additional tests may be useful to look for 
anemia, hypoglycemia, drugs of abuse, and other etiologies noted in 
Table 84.1 as determined by the history and physical examination. 

TREATMENT
Therapy for vasovagal syncope includes avoiding triggering events 
(if possible), fluid and salt supplementation, and if needed, specific 
therapies targeting the orthostatic hypotension (i.e., midodrine) (Table 
84.8). Immediately after the event, the patient should remain supine 
until symptoms abate to avoid recurrence.

Treatment for cardiac causes of syncope will be determined by 
the diagnosis. If supraventricular tachycardia (SVT) is found, then a 
catheter ablation may be indicated. If bradycardia from sinus node dys-
function or AV block is the cause of the syncope, a pacemaker may be 
warranted. Patients with syncope from medically refractory malignant 
arrhythmias, as may be seen in HCM, LQTS, arrhythmogenic cardio-
myopathy, or CPVT, require an implantable cardioverter-defibrillator. 
Patients with structural heart disease (valvular disease or coronary 
artery anomalies) should be referred for surgery.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 84.8    � Treatment of Neurocardiogenic  
Syncope/Vasovagal Syncope (V-VS)

Patient education on the diagnosis and prognosis of V-VS is  
recommended.

In all patents with the common faint or V-VS, an explanation of 
the diagnosis, education targeting awareness of and possible 
avoidance of triggers (prolonged standing, warm environments, 
coping with dental and medical settings), and reassurance about 
the benign nature of the condition should be provided.

Physical counterpressure maneuvers can be useful in patients with 
V-VS who have a sufficiently long prodromal period.

Patients with a syncope prodrome should be instructed to assume 
a supine position to prevent a faint and minimize possible 
injury. In patients with a sufficiently long prodrome, physical 
counter-maneuvers (leg crossing, limb and/or abdominal 
contraction, squatting, isometric handgrip, arm tensing) are a core 
management strategy.

Midodrine is reasonable in patients with recurrent V-VS with no  
history of hypertension, heart failure, or urinary retention.

Midodrine is a prodrug that is metabolized to desglymidodrine, 
which is a peripherally active α-agonist used to ameliorate the 
reduction in peripheral sympathetic neural outflow responsible for 
venous pooling and vasodepression in V-VS.

The usefulness of orthostatic training is uncertain in patients with 
frequent V-VS.

There are 2 main methods of orthostatic training. Patients undergo 
repetitive tilt-table tests in a monitored setting until a negative  
tilt-table test occurs and then are encouraged to stand quietly 
against a wall for 30-60 min daily, or patients simply stand quietly 
against a wall at home for a prolonged period daily.

Fludrocortisone might be reasonable for patients with recurrent 
V-VS and inadequate response to salt and fluid intake, unless 
contraindicated.

Fludrocortisone has mineralocorticoid activity resulting in sodium and 
water retention and potassium excretion, which results in increased 
blood volume. Serum potassium level should be monitored because 
of potential drug-induced hypokalemia. POST II (Prevention of 
Syncope Trial II) reported a marginally insignificant 31% risk of 
reduction in adults with moderately frequent V-VS, which was 
significant in patients after a 2-wk dose stabilization period.

Encouraging increases in salt and fluid intake may be reasonable in 
selected patients with V-VS, unless contraindicated.

Evidence for the effectiveness of salt and fluid intake for patients 
with V-VS is limited. Nonetheless, in patients with recurrent V-VS 
and no clear contraindication, such as a history of hypertension, 
renal disease, heart failure, or cardiac dysfunction, it may be 
reasonable to encourage ingestion of 2-3 L of fluid per day and a 
total of 6-9 g (100-150 mmol) of salt per day, or about 1-2 heaping 
teaspoonfuls. The long-term balance of risks and benefits of a 
strategy of increasing salt and water intake is unknown.

In selected patients with V-VS, it may be reasonable to reduce or 
withdraw medications that cause hypotension when appropriate.

A careful examination of the patient’s history for medications that 
may lower blood pressure (hypotensive agents) should be performed. 
Care should be taken to withdraw or reduce medications only 
when safe to do so and in conjunction with the prescribing  
healthcare provider.

In patients with recurrent V-VS, a selective serotonin reuptake 
inhibitor might be considered.

Serotonin has central neurophysiologic effects on blood pressure 
and heart rate and acutely induces syncope during tilt-table  
testing.

Modified from Shen WK, Sheldon RS, Benditt DG, et al. 2017 ACC/AHA/HRS guideline 
for the evaluation and management of patients with syncope: A report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Rhythm Society [published correction appears in Circulation. 
2017 Oct 17;136(16):e271-e272]. Circulation. 2017;136(5):e60-e122.
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A teen has recurrent uncomplicated vasovagal faints triggered by prolonged standing in a
warm room. Which first-line counseling element is listed?

A. Explain triggers and teach avoidance or countermeasures

B. Require lifelong bed rest

C. Give a stimulant before every school day

D. Avoid hydration without assessment

E. Ignore the patient's warning symptoms

Original table 84.8  |  Nelson printed p. 596  |  PDF p. 643

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 18
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Table 84.7    � Red Flags in Evaluation of Patients with  
Syncope

Syncope with activity or exercise or supine
Syncope not associated with prolonged standing
Syncope precipitated by loud noise or extreme emotion
Absence of presyncope or lightheadedness
Family history of syncope, drowning, sudden death, familial  

ventricular arrhythmia syndromes,* cardiomyopathy
Syncope requiring CPR
Injury with syncope
Anemia
Other cardiac symptoms
Chest pain
Dyspnea
Palpitations
History of cardiac surgery
History of Kawasaki disease
Implanted pacemaker
Abnormal physical examination

Murmur
Gallop rhythm
Loud and single second heart sound
Systolic click
Increased apical impulse (tachycardia)
Irregular rhythm
Hypotension or hypertension
Digital clubbing
Cyanosis

*Long QT syndrome, Brugada syndrome, catecholamine polymorphic ventricular 
tachycardia, arrhythmogenic cardiomyopathy.

heart sound, with an ejection click or murmur of pulmonary insuf-
ficiency. Patients with repaired congenital heart disease will have 
obvious scars on their chest and abdomen from prior cardiac sur-
gery or device implantation.

All patients presenting with syncope should have an electrocardio-
gram, looking primarily for QT interval prolongation, preexcitation, 
ventricular hypertrophy, T-wave abnormalities, and conduction abnor-
malities. Additional tests that may be needed include echocardiogra-
phy, exercise testing, cardiac MRI, or 24-hour Holter monitoring. In 
patients for whom there is a strong suspicion of a paroxysmal arrhyth-
mia, an insertable cardiac monitor (loop recorder) may offer the most 
effective means of diagnosis. Additional tests may be useful to look for 
anemia, hypoglycemia, drugs of abuse, and other etiologies noted in 
Table 84.1 as determined by the history and physical examination. 

TREATMENT
Therapy for vasovagal syncope includes avoiding triggering events 
(if possible), fluid and salt supplementation, and if needed, specific 
therapies targeting the orthostatic hypotension (i.e., midodrine) (Table 
84.8). Immediately after the event, the patient should remain supine 
until symptoms abate to avoid recurrence.

Treatment for cardiac causes of syncope will be determined by 
the diagnosis. If supraventricular tachycardia (SVT) is found, then a 
catheter ablation may be indicated. If bradycardia from sinus node dys-
function or AV block is the cause of the syncope, a pacemaker may be 
warranted. Patients with syncope from medically refractory malignant 
arrhythmias, as may be seen in HCM, LQTS, arrhythmogenic cardio-
myopathy, or CPVT, require an implantable cardioverter-defibrillator. 
Patients with structural heart disease (valvular disease or coronary 
artery anomalies) should be referred for surgery.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 84.8    � Treatment of Neurocardiogenic  
Syncope/Vasovagal Syncope (V-VS)

Patient education on the diagnosis and prognosis of V-VS is  
recommended.

In all patents with the common faint or V-VS, an explanation of 
the diagnosis, education targeting awareness of and possible 
avoidance of triggers (prolonged standing, warm environments, 
coping with dental and medical settings), and reassurance about 
the benign nature of the condition should be provided.

Physical counterpressure maneuvers can be useful in patients with 
V-VS who have a sufficiently long prodromal period.

Patients with a syncope prodrome should be instructed to assume 
a supine position to prevent a faint and minimize possible 
injury. In patients with a sufficiently long prodrome, physical 
counter-maneuvers (leg crossing, limb and/or abdominal 
contraction, squatting, isometric handgrip, arm tensing) are a core 
management strategy.

Midodrine is reasonable in patients with recurrent V-VS with no  
history of hypertension, heart failure, or urinary retention.

Midodrine is a prodrug that is metabolized to desglymidodrine, 
which is a peripherally active α-agonist used to ameliorate the 
reduction in peripheral sympathetic neural outflow responsible for 
venous pooling and vasodepression in V-VS.

The usefulness of orthostatic training is uncertain in patients with 
frequent V-VS.

There are 2 main methods of orthostatic training. Patients undergo 
repetitive tilt-table tests in a monitored setting until a negative  
tilt-table test occurs and then are encouraged to stand quietly 
against a wall for 30-60 min daily, or patients simply stand quietly 
against a wall at home for a prolonged period daily.

Fludrocortisone might be reasonable for patients with recurrent 
V-VS and inadequate response to salt and fluid intake, unless 
contraindicated.

Fludrocortisone has mineralocorticoid activity resulting in sodium and 
water retention and potassium excretion, which results in increased 
blood volume. Serum potassium level should be monitored because 
of potential drug-induced hypokalemia. POST II (Prevention of 
Syncope Trial II) reported a marginally insignificant 31% risk of 
reduction in adults with moderately frequent V-VS, which was 
significant in patients after a 2-wk dose stabilization period.

Encouraging increases in salt and fluid intake may be reasonable in 
selected patients with V-VS, unless contraindicated.

Evidence for the effectiveness of salt and fluid intake for patients 
with V-VS is limited. Nonetheless, in patients with recurrent V-VS 
and no clear contraindication, such as a history of hypertension, 
renal disease, heart failure, or cardiac dysfunction, it may be 
reasonable to encourage ingestion of 2-3 L of fluid per day and a 
total of 6-9 g (100-150 mmol) of salt per day, or about 1-2 heaping 
teaspoonfuls. The long-term balance of risks and benefits of a 
strategy of increasing salt and water intake is unknown.

In selected patients with V-VS, it may be reasonable to reduce or 
withdraw medications that cause hypotension when appropriate.

A careful examination of the patient’s history for medications that 
may lower blood pressure (hypotensive agents) should be performed. 
Care should be taken to withdraw or reduce medications only 
when safe to do so and in conjunction with the prescribing  
healthcare provider.

In patients with recurrent V-VS, a selective serotonin reuptake 
inhibitor might be considered.

Serotonin has central neurophysiologic effects on blood pressure 
and heart rate and acutely induces syncope during tilt-table  
testing.

Modified from Shen WK, Sheldon RS, Benditt DG, et al. 2017 ACC/AHA/HRS guideline 
for the evaluation and management of patients with syncope: A report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Rhythm Society [published correction appears in Circulation. 
2017 Oct 17;136(16):e271-e272]. Circulation. 2017;136(5):e60-e122.
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An adolescent with POTS is being considered for midodrine. Which mechanism in the
medication table explains its effect?

A. Alpha-1 agonism causing vasoconstriction

B. Direct beta-2 bronchodilation

C. Renal glucose wasting

D. Inhibition of platelet aggregation

E. Dopamine receptor blockade

Original table 84.9  |  Nelson printed p. 599  |  PDF p. 646

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19
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Additional studies depend on the clinical symptoms and include 
morning cortisol (to rule out Addison disease) and thyroid stud-
ies if the patient has unusually severe fatigue or is not responsive 
to usual treatment. Serum tryptase and urine methylhistamine are 
tested if mast cell activation disorder is suspected, based on a his-
tory of flushing during the spells. If an autoimmune cause for the 
POTS is a concern, antibodies such as voltage-gated potassium 
channel and acetylcholine receptor antibodies could be checked, 
but this etiology for POTS is being questioned. Patients rarely (<5 in 
1,000) benefit from IVIG; if this mechanism is really causing POTS, 
such patients should experience peak benefit at about 10 days after 
the infusion rather than immediately (which may simply reflect 
increasing intravascular volume). If the patient has hypertension, 
plasma and urine metanephrines should be measured to test for a 
pheochromocytoma. In addition, if symptoms are associated with 
perimenstrual timing, an assessment of sex hormone axis is helpful, 
with occult polycystic ovarian syndrome or low testosterone levels 
sometimes present. 

MANAGEMENT
The core of POTS management is nonpharmacologic. Medications 
will be of little benefit without these measures being undertaken first. 
The best measure for treating POTS is a regular aerobic exercise pro-
gram. Given the combination of orthostatic symptoms and severe 
deconditioning found in most patients, the exercise program must be 
introduced in a slow, progressive manner. Patients with POTS typically 
have moderate to severe exercise intolerance, and compared with sed-
entary healthy controls, have decreased peak oxygen uptake. After 3 
months of exercise, POTS patients have an increase in cardiac mass 
and size, blood volume, and peak oxygen uptake, as reflected in a better 
exercise performance. The tachycardia in POTS is caused by a decrease 
in stroke volume and not an intrinsic circulatory problem. An exercise 
program should start with water exercises combined with recumbent 
aerobic activities (recumbent bike or rowing machine), slowly increas-
ing the exercise time to 45 minutes at least 5 times per week. When 

tolerance increases, patients can advance to more upright aerobic 
activities. These aerobic activities need to be combined with light core- 
and limb-strengthening exercises.

Exercise usually cannot be performed without simultaneous 
expansion of the intravascular volume. To this end, encourage 
teenagers to drink >80 oz of fluids daily and to add 2 g of salt to 
their usual diet in both the morning and the early afternoon. Salt 
supplementation increases plasma and blood volume, improves 
orthostatic tolerance, and decreases baroreflex sensitivity. Salt also 
reduces nitric oxide production, resulting in less vasodilation. Trial 
and error of different salt formulations can help to identify the best 
method for each individual patient. Salt tablets are simple and inex-
pensive but may make some people nauseous. An alternative is sim-
ply to obtain empty capsules on the internet and fill them with table 
salt. A “0” size capsule contains about 400 mg of salt.
The content of sodium in the body determines the extracellu-

lar fluid volume that in turn dictates orthostatic tolerance. Patients 
with POTS who have lower urinary sodium excretion have more 
symptoms than those with higher urinary sodium (>123 mmol/24 
hours), and they often respond less well to salt supplementation. 
Those with severe orthostatic symptoms either in the morning or 
before sports should drink 16 oz of plain water, which is known to 
increase sympathetic response mainly in individuals with barore-
flex dysregulation. The effect starts soon after drinking the water 
and lasts for about 1 hour. Compression garments may also be use-
ful. These can be thigh or waist high; the waist-high compression 
garments may not be tolerated.

Medications can be added when the nonpharmacologic inter-
ventions are not sufficient. Different centers use different strategies, 
and there is no single correct evidence-based approach. Table 84.9 
addresses first-line medications that primary care physicians could use; 
only the most common side effects are included.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 84.9    � First-Line Medications in Treatment of Postural Tachycardia Syndrome (POTS)

DRUG MECHANISM OF ACTION SIDE EFFECTS TREATMENT GUIDELINES

Fludrocortisone Low dose: sensitizes α-receptors
Higher doses: mineralocorticoid effect

Peripheral edema, headache, irritability, 
hypokalemia, hypomagnesemia, acne

Monitor basic metabolic panel 
and magnesium

Midodrine α1-Agonist; produces vasoconstriction Scalp tingling, urinary retention, 
goosebumps, headache, supine 
hypertension

Monitor supine blood pressure 
30-60 min after dose

Metoprolol succinate/
tartrate

β Blocker Worsening of asthma, dizziness, fatigue Use with caution in asthma
If fatigue is severe, use at bedtime

Propranolol Nonselective β blocker Bradycardia, gastrointestinal symptoms, 
lightheadedness, sleepiness, 
hypotension, syncope

Use with caution in diabetes and 
asthma

Pyridostigmine Peripheral acetylcholinesterase  
inhibitor that increases synaptic  
acetylcholine in autonomic ganglia 
and at peripheral muscarinic  
receptors

Symptoms of excessive cholinergic activity 
(diarrhea, urinary incontinence, salivation)

Very useful if patient has POTS 
and constipation

Use with caution in asthma
Contraindicated in urinary or 

bowel obstruction
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A child with severe gastroenteritis has cool extremities, tachycardia, narrow pulse pressure,
and poor urine output. Which shock type best matches the table?

A. Hypovolemic shock

B. Neurogenic shock

C. Obstructive shock from tamponade

D. Anaphylactic shock

E. Cardiogenic shock from myocarditis

Original table 85.1  |  Nelson printed p. 601  |  PDF p. 648

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20
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and release, and antidiuretic hormone secretion. Despite these com-
pensatory mechanisms, the underlying shock and host response lead 
to vascular endothelial cell injury and loss of endothelial adhesion pro-
teins that allow significant leakage of intravascular fluid into the inter-
stitial extracellular space.

Another important aspect of the initial pathophysiology of shock is 
the impact on cardiac output. All forms of shock affect cardiac output 
through several mechanisms, with changes in HR, preload, afterload, 
and myocardial contractility occurring separately or in combination 
(see Fig. 85.1). Hypovolemic shock is characterized primarily by fluid 
loss and decreased preload. Tachycardia and an increase in SVR are the 
initial compensatory responses that seek to maintain cardiac output, 
systemic BP, and tissue perfusion. Without adequate volume replace-
ment, hypotension inevitably develops, followed by tissue ischemia and 
further clinical deterioration. When there is preexisting low plasma 
oncotic pressure (caused by nephrotic syndrome, malnutrition, hepatic 
dysfunction, acute severe burns, etc.), further volume loss and exacer-
bation of shock may result from worsening vascular leak.

In contrast, the underlying pathophysiologic mechanism leading to 
distributive shock is a state of abnormal vasodilation and decreased 

SVR. In sepsis, loss of normal regulation of vasomotor tone is due to 
a combination of factors, including excessive nitric oxide (NO) pro-
duced from an increase in inducible NO synthase, altered sympathetic 
and parasympathetic tone, and diminished circulating levels and/or 
reduced responsiveness to vasopressin, endogenous catecholamines, 
and cortisol. In anaphylaxis, vasodilation is caused by an acute release 
of histamine and other mediators from mast cells. Irrespective of the 
inciting event, the sudden fall in SVR is accompanied initially by a mal-
distribution of blood flow away from vital organs and a compensatory 
increase in cardiac output caused by an increase in HR and, poten-
tially, left ventricular stroke volume. This process leads to significant 
decreases in both preload and afterload. Therapies for distributive 
shock must address both these problems simultaneously.

Cardiogenic shock may be seen in patients with myocarditis, car-
diomyopathy, arrhythmias, and congenital heart disease (generally 
after cardiac surgery) (see Chapter 483). In these patients, myocardial 
contractility is directly impaired, leading to systolic and/or diastolic 
dysfunction. The later phases of all forms of shock frequently have a 
negative impact on the myocardium, leading to development of a car-
diogenic component to the initial shock state.

Table 85.1     Types of Shock

TYPES OF 
SHOCK PATHOPHYSIOLOGY APPEARANCE EXAMPLES TREATMENTS

Hypovolemic* Decreased cardiac output 
due to volume depletion 
→ decreased preload

Tachycardia and vasoconstriction 
maintain adequate circulation 
up to 30% of circulating volume

Narrowed pulse pressure, delayed 
capillary refill, orthostatic 
changes, late hypotension, 
AMS, and decreased UOP

Nonhemorrhagic (vomiting 
and diarrhea)

Hemorrhagic (trauma)

IV fluid bolus
Vasopressors
Blood replacement

Cardiogenic Decreased cardiac output 
due to myocardial 
dysfunction, increased 
afterload, and/or lack of 
ventricular filling

Tachycardia, vasoconstriction, 
cool extremities, narrow pulse 
pressure, delayed capillary refill, 
respiratory distress, rales or 
gallop rhythm, enlarged liver, 
JVD, cardiomegaly on chest 
radiograph

Significant gradient between  
upper and lower extremity 
blood pressures

Cardiomyopathies, infectious 
myocarditis, and systemic 
inflammatory process, 
autoimmune disease, 
impaired coronary 
perfusion, cardiopulmonary 
bypass, acidosis, HIE, and 
dysrhythmias

Infants: ductal-dependent  
lesions, tachydysrhythmias

Judicious IV fluid resuscitation, 
ionotropic agents to 
improve contractility, 
vasodilators to reduce 
afterload, and management 
of tachyarrhythmias
PGE for infants <2 mo

Distributive Decreased cardiac output 
and systemic vascular  
resistance due to peripheral 
vasodilation → decreased 
afterload and preload, 
redistribution of blood flow 
away from vital organs, and 
loss of sympathetic outflow

Tachycardic, vasodilated, flushed, 
warm extremities, wide pulse 
pressure, bounding pulses, flash 
capillary refill

Anaphylaxis: rash; facial swelling; 
lip, tongue, or airway swelling; 
bronchospasm; hypotension

Spinal shock: unable to raise HR, 
hypotension

Neurogenic: Control ↑ ICP

Septic shock
Toxic ingestions
Anaphylaxis

IV fluids, vasopressors,  
antibiotics

Specific antidotes
Remove triggers, IV fluids, IM 

epinephrine, antihistamines, 
vasopressors

Spinal cord injuries IV fluids, vasoconstrictors

Obstructive Decreased cardiac output 
due to increased afterload 
of the right ventricle from 
an obstructive process

Tachycardia, delayed capillary 
refill, cool extremities, narrow 
pulse pressure, distended neck 
veins, distant heart tones,  
asymmetric breath sounds

Tension pneumothorax
Pulmonary embolism
Cardiac tamponade

Anticoagulants
Drain pericardial effusion
Evacuate pneumothorax

Dissociative High cardiac output failure 
due to inadequate 
oxygen-releasing capacity

Tachycardia ± delayed capillary 
refill, cool extremities, 
weakened pulse, pallor or 
flushed cheeks

Anemia
Carbon monoxide
Methemoglobinemia
Cyanide

Gradual fluid replacement and 
blood replacement 5 mL/dL

Oxygen, hyperbaric chamber
Methylene blue
Hydroxocobalamin and 

cyanide antidote kit (sodium 
thiosulfate, sodium nitrate, 
amyl nitrite) plus oxygen

*Most common.
AMS, Altered mental status; HIE, hypoxic ischemic encephalopathies; HR, heart rate; IM, intramuscular; ICP, intracranial pressure; IV, intravenous; JVD, jugular venous distention; PGE, 

prostaglandin; UOP, urine output.
Modified from Baumer-Mouradian SH, Drendel AL. Shock. In: Kliegman RM, Toth H, Bordini BJ, Basel D, eds. Nelson Pediatric Symptom-Based Diagnosis, 2nd ed. Philadelphia: 
Elsevier;2023: Table 10.4.
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A child with suspected infection has respiratory failure, vasoactive support, thrombocytopenia,
and neurologic dysfunction. Which score in the table assesses organ dysfunction across these
domains?

A. Phoenix Sepsis Score

B. NEXUS

C. Glasgow Coma Scale alone

D. Apgar score

E. Gomez malnutrition grade

Original table 85.2  |  Nelson printed p. 603  |  PDF p. 650
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Obstructive shock manifests as an acute increase in SVR typi-
cally in response to a sudden decrease in cardiac output that resem-
bles a state of functional hypovolemia. A compensatory increase in 
HR and afterload provides temporary support, but compensation 
will soon fail without relief of the mechanical obstruction.

Dissociative shock is caused by the inability to deliver oxygen due 
to severe anemia or a congenital or acquired hemoglobinopathy, such 
as carbon monoxide intoxication. Alternatively, oxygen delivery may 
be preserved, but consumption can be impaired by a metabolic dis-
order or acquired state of mitochondrial dysfunction, such as cyanide 

Table 85.2    � The Phoenix Sepsis Scorea

VARIABLES 0 POINTS 1 POINT 2 POINTS 3 POINTS

RESPIRATORY, 0–3 POINTS
PaO2:FIO2 ≥400 or 

SpO2:FIO2 ≥292b
PaO2:FIO2 <400 on any 

respiratory support or 
SpO2:FIO2 <292 on any 
respiratory supportb,c

PaO2:FIO2 100–200 and 
IMV or SpO2:FIO2 
148–220 and IMVb

PaO2:FIO2<100 and IMV 
or SpO2:FIO2 <148 and 
IMVb

CARDIOVASCULAR, 0–6 POINTS
1 point each (up to 3) 2 points each (up to 6)

No vasoactive 
medicationsd

1 Vasoactive medicationd ≥2 Vasoactive medicationsd

Lactate <5 mmol/Le Lactate 5–10.9 mmol/Le Lactate ≥11 mmol/Le

AGE BASEDf

Mean Arterial Pressure, mm Hgg

<1 mo >30 17–30 <17

1 to 11 mo >38 25–38 <25

1 to <2 yr >43 31–43 <31

2 to <5 yr >44 32–44 <32

5 to <12 yr >48 36–48 <36

12 to 17 yr >51 38–51 <38

COAGULATION, 0–2 POINTSH

1 point each (maximum  
2 points)

Platelets ≥100 × 103/μL Platelets <100 × 103/μL

International normalized 
ratio ≤1.3

International normalized 
ratio >1.3

D-dimer ≤2 mg/L FEU D-dimer >2 mg/L FEU

Fibrinogen ≥100 mg/dL Fibrinogen <100 mg/dL

NEUROLOGIC, 0–2 POINTSi

Glasgow Coma Scale score 
>10; pupils reactivej

Glasgow Coma Scale score 
≤10j

Fixed pupils bilaterally

PHOENIX SEPSIS CRITERIA
Sepsis Suspected infection and 

Phoenix Sepsis Score ≥2 
points

Septic shock Sepsis with ≥1 
cardiovascular point(s)

aThe score may be calculated in the absence of some variables (eg, even if lactate level is not measured and vasoactive medications are not used, a cardiovascular score can 
still be ascertained using blood pressure). It is expected that laboratory tests and other measurements will be obtained at the discretion of the medical team based on clinical 
judgment. Unmeasured variables contribute no points to the score. Ages are not adjusted for prematurity, and the criteria do not apply to birth hospitalizations, neonates whose 
postconceptional age is younger than 37 weeks, or those 18 years of age or older.

bSpO2:FIO2 ratio is only calculated if SpO2 is 97% or less.
cThe respiratory dysfunction of 1 point can be assessed in any patient receiving oxygen, high-flow, noninvasive positive pressure, or IMV respiratory support, and includes a PaO2:FIO2 

ratio of less than 200 and a SpO2:FIO2 ratio of less than 220 in children who are not receiving IMV. For children receiving IMV with a PaO2:FIO2 less than 200 and SpO2:FIO2 less than 
220, see criteria for 2 and 3 points.

dVasoactive medications include any dose of epinephrine, norepinephrine, dopamine, dobutamine, milrinone, and/or vasopressin (for shock).
eLactate reference range is 0.5 to 2.2 mmol/L. Lactate can be arterial or venous.
fAge is not adjusted for prematurity, and the criteria do not apply to birth hospitalizations, children whose postconceptional age is younger than 37 weeks, or those 18 years or older.
gUse measured MAP preferentially (invasive arterial if available or noninvasive oscillometric), and if measured MAP is not available, a calculated MAP (1/3 × systolic + 2/3 × diastolic) 

may be used as an alternative.
hCoagulation variable reference ranges: platelets, 150 to 450 × 103/μL; D-dimer, <0.5mg/L FEU; fibrinogen, 180 to 410mg/dL. The INR reference range is based on the local reference 

prothrombin time.
iThe neurological dysfunction subscore was pragmatically validated in both sedated and nonsedated patients, and those receiving or not receiving IMV support.
jThe Glasgow Coma Scale score measures level of consciousness based on verbal, eye, and motor response (range, 3–15, with a higher score indicating better neurological function).
FEU, fibrinogen equivalent units; IMV, invasive mechanical ventilation; INR, international normalized ratio of prothrombin time; MAP, mean arterial pressure; PaO2:FIO2, arterial partial 

pressure of oxygen to fraction of inspired oxygen ratio; SpO2, oxygen saturation measured by pulse oximetry (only SpO2 of ≤97%).
SI conversion factor: To convert lactate from mmol/L tomg/dL, divide by 0.111.
From Schlapbach LJ, Watson RS, Sorce LR, et al. International Consensus Criteria for Pediatric Sepsis and Septic Shock. JAMA. Published online January 21, 2024. https://doi.org/10.
1001/jama.2024.0179.
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A child has fever, tachycardia, and systemic inflammation without an identified infection. Which
noninfectious differential category in the SIRS table should be considered?

A. Inflammatory or rheumatologic illness

B. Isolated age-appropriate babbling

C. Physiologic tooth eruption

D. Normal night sleep

E. Uncomplicated myopia

Original table 85.3  |  Nelson printed p. 604  |  PDF p. 651
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toxicity. Notably, varying degrees of dissociative shock may also be 
present in other shock types, especially sepsis, in which acquired pyru-
vate dehydrogenase deficiency or mitochondrial dysfunction have 
been increasingly recognized.

Septic shock is generally a unique combination of distributive, hypovo-
lemic, and cardiogenic shock, as well as dissociative shock. Hypovolemia 
from insufficient fluid intake, GI losses, and/or vascular leak is common. 
Cardiogenic shock results from the myocardial-depressant effects of sep-
sis, and distributive shock is the result of decreased SVR. The degree to 
which a patient exhibits each of these responses varies, but there are fre-
quently alterations in preload, afterload, and myocardial contractility.

In septic shock, it is important to distinguish between the inciting 
infection and the host inflammatory response. Normally, host immu-
nity prevents the development of sepsis through activation of the retic-
ular endothelial system along with the cellular and humoral immune 
systems. This host immune response produces an inflammatory cas-
cade mediated by hormones, cytokines, and chemokines. If this inflam-
matory cascade is uncontrolled, derangement of the microcirculatory 
system leads to subsequent organ and cellular dysfunction.

Systemic inflammatory response syndrome (SIRS) is an inflamma-
tory cascade that is initiated by the host response to an infectious or nonin-
fectious trigger (Table 85.3). This inflammatory cascade is triggered when 
the host defense system does not adequately recognize and/or eliminate 
the triggering event. The inflammatory cascade initiated by shock can lead 

to hypovolemia, cardiac and vascular failure, acute respiratory distress 
syndrome (ARDS), insulin resistance, decreased cytochrome P450 activity 
(decreased steroid synthesis), coagulopathy, and unresolved or secondary 
infection. Tumor necrosis factor (TNF) and other inflammatory mediators 
increase vascular permeability, causing diffuse vascular leak, decreased 
vascular tone, and an imbalance between perfusion and metabolic 
demands of the tissues. Early increases in TNF, interleukin (IL)-1, and 
IL-6 stimulate the release of both proinflammatory and antiinflammatory 
mediators, causing fever, vasodilation, and myocardial dysfunction. Simul-
taneous upregulation of antiinflammatory mediators (such as circulating 
levels of IL-4, IL-10, and transforming growth factor-β), downregulation 
of hematopoietic growth factors (such as IL-7), and increased expression 
of immune cell surface checkpoint proteins (such as programmed death 
[PD]-1 and its PD ligand [PD-L1/2]), as well as production of immature 
immune cells through emergency myelopoiesis contribute to a state of 
immune dysregulation that can impair pathogen clearance and allow for 
secondary infections.

The inflammatory cascade is initiated by toxins or superantigens 
through macrophage binding or lymphocyte activation. The vascular 
endothelium is both a target of tissue injury and a source of media-
tors that may cause further injury. Biochemical responses include the 
production of arachidonic acid metabolites, release of myocardial-
depressant factors and endogenous opiates, activation of the comple-
ment system, and production and release of other mediators, which 

Table 85.3    � Differential Diagnosis of Systemic Inflammatory Response Syndrome (SIRS)

INFECTION
Bacteremia or meningitis (Streptococcus pneumoniae, Haemophilus 

influenzae type b, Neisseria meningitidis, group A Streptococcus, 
Staphylococcus aureus)

Viral illness (influenza, enteroviruses, hemorrhagic fever group, 
herpes simplex virus, respiratory syncytial virus, cytomegalovirus, 
Epstein-Barr virus, COVID-19)

Encephalitis (arboviruses, enteroviruses, herpes simplex virus)
Rickettsiae (Rocky Mountain spotted fever, Ehrlichia, Q fever)
Syphilis
Vaccine reaction (pertussis, influenza, measles)
Toxin-mediated reaction (toxic shock, staphylococcal scalded skin 

syndrome)

CARDIOPULMONARY
Pneumonia (bacteria, virus, mycobacteria, fungi, allergic reaction)
Pulmonary emboli
Heart failure
Arrhythmia
Pericarditis
Myocarditis

METABOLIC-ENDOCRINE
Adrenal insufficiency (adrenogenital syndrome, Addison disease, 

corticosteroid withdrawal)
Electrolyte disturbances (hyponatremia or hypernatremia, 

hypocalcemia or hypercalcemia)
Diabetes insipidus
Diabetes mellitus
Inborn errors of metabolism (organic acidosis, urea cycle, carnitine 

deficiency, mitochondrial disorders)
Hypoglycemia

GASTROINTESTINAL
Gastroenteritis with dehydration
Volvulus
Intussusception
Appendicitis
Peritonitis (spontaneous, associated with perforation or peritoneal 

dialysis)
Necrotizing enterocolitis
Hepatitis
Hemorrhage
Pancreatitis

HEMATOLOGIC/IMMUNE
Anemia (sickle cell disease, blood loss, nutritional)
Methemoglobinemia
Splenic sequestration crisis
Leukemia or lymphoma
Hemophagocytic syndromes
Cytokine release syndrome s/p CAR-T therapy
Immune reconstitution syndrome
Graft-versus-host disease

NEUROLOGIC
Intoxication (drugs, carbon monoxide, intentional or unintentional 

overdose)
Intracranial hemorrhage
Infant botulism
Trauma (child abuse, accidental)
Guillain-Barre syndrome
Myasthenia gravis

OTHER
Anaphylaxis (food, drug, insect sting, idiopathic)
Hemolytic-uremic syndrome
Kawasaki disease
Erythema multiforme, toxic epidermal necrolysis
MIS-C
Poisoning, iron, cyanide
Toxic envenomation
Systemic JIA
Macrophage activation syndrome
Idiopathic systemic capillary leak (Clarkson) syndrome

CAR-T, Chimeric antigen receptor T-cell; JIA, juvenile idiopathic arthritis; MIS-C, multisystem inflammatory syndrome in children; S/P, status post.
From Baumer-Mouradian SH, Drendel AL. Shock. In: Kliegman RM, Bordini BJ, Toth H, Basel D, eds. Nelson Pediatric Symptom-Based Diagnosis, 2nd ed. Elsevier: Philadelphia; 2022: 
Table 10.6.
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A child in shock develops progressively reduced urine output and confusion. Which shared
underlying process does the perfusion table depict?

A. Worsening end-organ perfusion

B. Improving renal blood flow

C. An isolated speech-language delay

D. Normal adaptation to hydration

E. Primary overfeeding
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may be proinflammatory or antiinflammatory. The balance among 
these mediator groups for an individual patient contributes to the pro-
gression (and resolution) of disease and affects the prognosis. 

CLINICAL MANIFESTATIONS
Table 85.1 and Figure 85.1 show a classification system for shock. Cat-
egorization is important, but there may be significant overlap among 
these groups, especially in septic shock. The clinical presentation of 
shock depends in part on the underlying etiology, but if unrecognized 
and untreated, all forms of shock follow a common progression of 
clinical signs and pathophysiologic changes that may ultimately lead 
to irreversible organ injury and death. Among the first physiologic 
responses is sympathetic adrenergic system activation and its related 
signs and symptoms.

Shock may initially manifest as only tachycardia, with or without 
tachypnea. Progression leads to decreased urine output, poor periph-
eral perfusion, respiratory distress or failure, alteration of mental sta-
tus, and low BP (Table 85.4). A significant misconception is that shock 
occurs only with low BP. Hypotension is often a late finding, especially 
in infants and young children, and is not a criterion for the diagnosis 
of shock because of a complex set of compensatory mechanisms that 
attempt to preserve BP and peripheral perfusion. Hypotension reflects 
an advanced state of uncompensated shock and is associated with 
increased morbidity and mortality.

Hypovolemic shock often manifests initially as tachycardia and 
orthostatic hypotension and is associated with dry mucous membranes, 
dry axillae, poor skin turgor, and decreased urine output. Depending 
on the degree of dehydration, the patient with hypovolemic shock 
may present with either normal or slightly cool distal extremities, and 
peripheral pulses may be normal, decreased, or absent depending on 
disease severity.

The presenting signs of cardiogenic shock are often tachypnea, cool 
extremities, delayed capillary filling time, poor peripheral and/or central 
pulses, reduced pulse pressure, declining mental status, and decreased 
urine output caused by the combination of decreased cardiac output and 
compensatory peripheral vasoconstriction (see Chapter 491.1).

Obstructive shock often also manifests as inadequate cardiac 
output because of a physical restriction of forward blood flow with 
tachycardia, delayed capillary refill, cool extremities, diminished 
peripheral pulses, and decreased pulse pressure (difference between 
systolic and diastolic BP) or presence of pulsus paradoxus. The acute 
presentation may quickly progress to cardiac arrest. Obstructive 
shock due to tension pneumothorax typically includes signs of respi-
ratory distress, hypoxia, and diminished breath sounds. Pericardial 
tamponade includes Beck’s triad of hypotension, jugular vein disten-
tion, and muffled heart sounds. A saddle pulmonary embolism often 
presents with a sudden cardiac arrest. Left-heart obstructive lesions 
may present in newborns with discrepant perfusion of the upper and 
lower extremities.

Distributive shock includes signs of vasodilation, including tachy-
cardia, flash capillary refill, warm extremities, bounding peripheral 

pulses, and increased pulse pressure, often with diastolic hypotension. 
In neurogenic shock, tachycardia may be absent or frank bradycardia 
may be present. Similar to distributive shock, signs of vasodilation may 
be present, although in the immediate phase, the patient can feel cool 
peripherally with delayed capillary refill.

Septic shock can be difficult to diagnose because of the wide spec-
trum of presenting signs and symptoms. A key historical clue is the 
presence of fever (or hypothermia) along with evidence for either a 
systemic (e.g., bacteremia, rickettsial disease, fungemia, viremia) or 
localized (e.g., meningitis, pneumonia, pyelonephritis, peritonitis, nec-
rotizing fasciitis) infection. Infants and young children most commonly 
present with “cold shock,” with features of hypovolemic and cardio-
genic shock predominating, including tachycardia, delayed capillary 
refill, cool extremities, diminished peripheral pulses, and decreased 
pulse pressure. Older children and adolescents, especially those with 
sepsis from indwelling central venous catheters, more commonly pres-
ent with “warm shock” that resembles distributive shock, including 
tachycardia, flash capillary refill, warm extremities, bounding periph-
eral pulses, and increased pulse pressure. However, the pathobiology of 
sepsis can evolve over time and with treatment in children, such that 
“warm shock” may shift to “cold shock” or vice versa.

In addition to the traditional description of septic shock, a subgroup 
immunophenotype presents with hyperferritinemia. Ferritin levels >3,000 
mg/mL often predict a poor prognosis and the need for intensive care unit 
(ICU) admission. Hyperferritinemic septic shock may be due to familial 
primary genetic hemophagocytic lymphohistiocytosis (HLH) (usually age 
<2 years; see Chapter 556.2) or, more often, secondary HLH initiated by an 
infectious agent or macrophage activation syndrome (MAS) (see Chapter 
207) associated with autoimmune diseases (Table 85.6).

Regardless of etiology, uncompensated shock, with hypotension, high 
SVR, decreased cardiac output, respiratory failure, obtundation, and oli-
guria, occurs late in the progression of disease. Table 85.1 lists the hemo-
dynamic findings in various shock states. Additional clinical findings 
in shock include cutaneous lesions such as petechiae, diffuse erythema, 
ecchymoses, ecthyma gangrenosum, and peripheral gangrene. Jaundice 
can be present either as a sign of infection or as a result of MODS. 

DIAGNOSIS
Shock is a clinical diagnosis that should be primarily based on a thor-
ough history and physical examination (see Tables 85.1, 85.4, and 
85.6). Important clues to consider in the history are recent trauma or 
bleeding, exposure to new medications or substances, preceding or 
concurrent symptoms of infection or fluid losses, the patient’s comor-
bid conditions, and a brief review of systems. The physical examination 
should include rapid assessment of vital signs (including pulse oxim-
etry), mental status/level of consciousness, extremity temperature, 
peripheral and central pulses, capillary refill, and presence of rashes 
or skin changes.

Increasingly, point-of-care ultrasound (POCUS) is being incorporated 
into the initial assessment of children with shock to assess intravascular 
volume status, likelihood of a positive hemodynamic response to fluid 

Table 85.4     Signs of Decreased Perfusion

ORGAN SYSTEM ↓ PERFUSION ↓↓ PERFUSION ↓↓↓ PERFUSION

Central nervous system — Restless, apathetic, anxious Agitated/confused, stuporous, coma

Respiratory — ↑ Ventilation ↑↑ Ventilation

Metabolic — Compensated metabolic acidemia Uncompensated metabolic acidemia

Gastrointestinal — ↓ Motility Ileus

Kidney ↓ Urine volume Oliguria (<0.5 mL/kg/hr) Oliguria/anuria
↑ Urinary specific gravity

Skin Delayed capillary refill Cool extremities Mottled, cyanotic, cold extremities

Cardiovascular system ↑ Heart rate ↑↑ Heart rate ↑↑ Heart rate
↓ Peripheral pulses ↓ Blood pressure, central pulses only
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A child with sepsis develops striking hyperferritinemia and persistent organ dysfunction.
Which diagnostic consideration in the specialized management table is emphasized?

A. Search for occult or co-infection and hyperinflammatory triggers

B. Assume all fever is from a single isolated virus

C. Avoid assessment for infectious contributors

D. Dismiss the ferritin result without context

E. Limit evaluation to dental examination
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therapy, and myocardial function. Cardiac and lung POCUS may also pro-
vide important diagnostic information about the etiology of shock, such 
as the presence of pericardial fluid to support tamponade, pneumotho-
rax, or dilated right ventricle to support pulmonary embolus. The focused 
assessment with sonography for trauma (FAST) is commonly performed 
to screen for pericardial effusion and hemoperitoneum. 

LABORATORY FINDINGS
Although the initial diagnosis of shock can and should be based on 
clinical data from the history and physical examination, the overall 
evaluation of shock should also include early laboratory testing to 
screen for hyperlactatemia (as a sign of increased anaerobic metabo-
lism), acidemia, and electrolyte disturbances, including hypoglycemia 
and hypocalcemia. In children with septic shock, elevations in both 
venous and arterial blood lactate levels in the emergency department 
(ED) are associated with risk of organ dysfunction when measured in 
the ED and are associated with higher risk of death if elevated at the 
time of PICU admission. Although the optimal cutoff remains to be 
defined, arterial lactate ≥2 mmol/L is worrisome and associated with 
worse outcome. Laboratory evidence of concurrent MODS should 
also be sought, including a complete blood count, renal function tests, 
liver function tests, and coagulation profile (including fibrinogen and 
d-dimer or fibrin split products). Elevated neutrophil counts with 
increased immature forms (i.e., bands, myelocytes, promyelocytes) 
and elevated CRP and procalcitonin levels may be seen with infection. 
A blood gas analysis may be helpful to assess the degree of respiratory 
dysfunction, and an elevated venous to arterial Pco2 gap ≥5 mm Hg 
(≥0.67 KPa) may signify an early shock state. For septic shock, at least 
one blood culture should be collected along with other cultures as sup-
ported by the history and physical. Ferritin levels should be determined 
in all patients with septic shock. In the presence of hyperferritinemia, 

laboratory studies for HLH and MAS should be obtained, including 
fibrinogen, triglycerides, CBC, soluble IL-2 receptor, natural killer 
(NK) cells, and specific genetic testing.

The hallmark of uncompensated shock is an imbalance between oxygen 
delivery (Do2) and oxygen consumption (Vo2). Oxygen delivery normally 
exceeds oxygen consumption by threefold. The oxygen extraction ratio is 
approximately 25%, thus producing a normal central venous oxygen satu-
ration (Svo2) of approximately 75%, most commonly measured from a 
catheter at the junction of the superior vena cava and right atrium. Svo2 
values <70% reflect an increased oxygen extraction ratio and document a 
decrease in oxygen delivery relative to consumption. This increase in tissue 
oxygen extraction is an attempt to maintain adequate oxygen delivery at 
the cellular level. This state is manifested clinically by increased lactic acid 
production (e.g., high anion gap, metabolic acidemia) caused by anaero-
bic metabolism and a compensatory increase in tissue oxygen extraction. 
Notably, in dissociative shock, hyperlactatemia is often accompanied by 
an elevated Svo2 >80–85%, which reflects a state of impaired oxygen use 
despite adequate tissue perfusion. Elevated blood lactate levels reflect poor 
tissue oxygen delivery noted in all forms of shock. 

TREATMENT
Almost all healthcare professionals that care for ill children will be 
faced with managing the clinical syndrome of shock, given that many 
childhood illnesses, such as gastroenteritis, infection, trauma, and toxic 
ingestions, can precipitate shock. Without timely medical intervention, 
the child in shock will inevitably follow a common pathway to MODS 
and death. Early recognition and resuscitation are therefore critical to 
limit morbidity and mortality associated with shock.

General Principles of Shock Management
Initial management begins with early recognition of the compensated or 
uncompensated shock state based on the history, physical examination, 
and laboratory assessments outlined earlier. Once recognized, immedi-
ate efforts to restore oxygen (and other nutrient) delivery by supporting 
the circulation and identifying and reversing the underlying etiology of 
shock are necessary (Fig. 85.2). Restoration of oxygen delivery includes 
ensuring airway patency and adequacy of breathing, providing supple-
mental oxygen if hypoxemia (Spo2 <92–94%) is present, establishing 
vascular access, expanding the circulating blood volume, supporting the 
cardiac and vascular system with appropriate vasoactive agents when 
necessary, and frequently reassessing the patient’s response to initial 
therapy. The management strategies discussed in the following sections 
apply to all shock types, with additional discussion at the end of the sec-
tion for type-specific management recommendations.

Vascular access should be established within the first few minutes 
of shock recognition, ideally with at least two large-bore peripheral 
intravenous (IV) catheters. If peripheral IV access is not successful 
within 5 minutes, intraosseous (IO) access should be established until 
more definitive access is secured. Central venous access should be con-
sidered for patients with unstable peripheral IV access, persistence of 
shock despite 40-60 mL/kg fluid bolus therapy (fluid-refractory shock), 
or need for vasoactive medications or concentrated dextrose/electro-
lyte administration. In addition to optimizing safe administration of 
certain medications, central venous access will also enable measure-
ment of Svo2. Placement of an arterial catheter should be considered 
for patients with fluid-refractory shock who require active titration of 
vasoactive medications and/or those who may need serial laboratory 
tests, including frequent reassessment of blood lactate or electrolyte 
derangements. Notably, placement of a central venous or arterial cath-
eter requires specialized skills that may not be immediately available, in 
which case continued resuscitation through peripheral IV or IO access, 
including initiation of vasoactive medications, is safe and appropriate.

Volume resuscitation with fluid bolus therapy in aliquots of 10-20 
mL/kg pushed over 5-10 minutes is currently recommended for most 
types of shock and in most settings in children (see special consider-
ations in septic shock later and Fig. 85.3). Several observational studies 
have demonstrated improved outcomes in children with shock with 
initial volume resuscitation titrated to improvements in hemodynamic 
targets, including decrease in HR; increase in BP; normalization of 
capillary refill, peripheral pulse strength, and extremity temperature; 

Table 85.5    � Considerations in Management of  
Hyperferritinemic Sepsis Beyond Usual  
Diagnostic and Therapeutic Measures Used in 
Sepsis Patients Without Hyperferritinemia

WHAT OCCULT INFECTION IS PRIMING AND WHAT  
CO-INFECTION IS PRESENT FOR THE HYPERFERRITINEMIC  
PROCESS?
Perform diagnostic workup for viruses (e.g., herpes simplex virus 1, 

HHV-6, HHV-8, Epstein-Barr virus, adenovirus, cytomegalovirus, 
parvovirus, Ebola, COVID-19, Dengue, hepatitis A, HIV, severe 
fever with thrombocytopenia syndrome virus, influenza, 
hemorrhagic fevers), parasites (e.g., toxoplasmosis, leishmaniasis, 
malaria, scrub typhus, babesiosis), intracellular bacteria (e.g., 
tuberculosis, atypical mycobacteria, mycoplasma, fusobacteria, 
babesiosis, ehrlichiosis), rickettsia, and fungi (e.g., histoplasmosis).

Begin empiric therapy and specific therapies according to context.
Give IVIG if no specific therapy is available to neutralize infection.

IS HEMOLYSIS AND FREE HEMOGLOBIN DRIVING THE  
HYPERFERRITINEMIC PROCESS?
Measure free hemoglobin and ferritin sequentially.
Minimize blood transfusions.
If unable to reverse hemolysis or hyperferritinemia, consider 5 days 

of plasma exchange to remove free hemoglobin and ferritin and to 
resolve inflammation.

IS AN ANTIINFLAMMATORY STRATEGY NEEDED TO SAFELY 
CONTROL INFLAMMASOME ACTIVATION?
If ferritin is >3,000 ng/mL in the high-resource PICU setting, or >500 

ng/mL in the resource-poor PICU setting, then mortality risk is 
increased.

Methylprednisone, IVIG, and interleukin 1 receptor antagonist 
(anakinra) can be safely given to reduce mortality risk in these 
children.

HHV, human herpes virus; PICU; pediatric intensive care unit; IVIG, IV immunoglobulin.
Modified from Carcillo JA, Kernan KK, Horvat CM, et al. Why and how is 
hyperferritinemic sepsis different from sepsis without hyperferritinemia? Pediatr Crit 
Care Med. 21(5):509-512, Table 1, p. 511.
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A child in shock has restlessness, confusion, and low urine output even while blood pressure
is near the lower end of normal. Which interpretation fits the examination table?

A. End-organ hypoperfusion may be present despite a nonprofound blood-pressure reduction

B. Normal pressure excludes shock

C. Confusion proves a primary psychotic disorder

D. Oliguria indicates preserved kidney perfusion

E. Vital signs make serial assessment unnecessary

Original table 85.6  |  Nelson printed p. 607  |  PDF p. 654

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 25

Chapter 85  u  Shock  607

improved urine output; and fall in blood lactate by ≥10–20%. Fluid 
boluses totaling up to 60 mL/kg may be needed in the first hour of 
resuscitation, with volumes exceeding 200 mL/kg over several hours. 
Fluid should be administered via IV push or a rapid infuser system. 
IV push delivery may be facilitated by attaching a large syringe with 
a three-way stopcock to the IV tubing from the fluid bag, creating a 
“push-pull system” that allows the user to rapidly draw up fluid into the 
syringe and then administer to the patient without repeatedly discon-
necting and reconnecting the syringe to the patient’s IV. In patients >50 
kg, a pressure bag or rapid infuser may be used to rapidly administer 
fluid through a large-gauge peripheral IV. Notably, in neonates, addi-
tional caution should be paid to fluid resuscitation, as tolerance may 
be limited by reduced myocardial ventricular compliance at baseline.

Importantly, not all children with shock will continue to improve 
with repeated volume resuscitation, particularly those with cardio-
genic and dissociative shock, severe anemia, or malnutrition. Before 
repeating a fluid bolus, the clinician should determine if the patient 
responded in a hemodynamically desirable way after the prior fluid 
bolus and ensure that signs of fluid overload, such as rales, gallop 
rhythm, or hepatomegaly, have not developed. POCUS may also be 
helpful to identify ongoing hypovolemia and predict response to ongo-
ing volume resuscitation. For children with evidence of fluid overload, 
adequate intravascular volume, or lack of hemodynamic improvement 

with prior fluid boluses, resuscitation should shift from volume resus-
citation to vasoactive medications. Trials of earlier initiation of vasoac-
tive support are ongoing to further clarify the optimal role of volume 
resuscitation in pediatric shock.

The optimal fluid type for initial shock resuscitation remains a matter 
of debate. Most studies have not demonstrated a clear benefit for use of 
colloids, such as 4–5% albumin, over crystalloids, though there may be a 
small clinical benefit for resuscitation with colloids in septic shock. There is 
also evidence supporting a risk of kidney injury and coagulopathy with the 
use of synthetic colloids, such as hydroxyethyl starch and gelatin, and their 
use is currently not recommended. Because crystalloids are inexpensive, 
easy to administer, and readily available, current guidelines generally rec-
ommend initial resuscitation begin with these fluids. Exceptions include 
children with hemorrhagic shock and dissociative shock resulting from 
severe anemia for whom early blood product transfusion is preferred.

Crystalloid volume resuscitation may include 0.9% normal saline or 
balanced/buffered fluids, such as lactated Ringer solution, Hartmann 
solution, and Plasma-Lyte. Saline consists of only sodium and chloride in 
a 1:1 ratio with a supraphysiologic chloride concentration, whereas bal-
anced fluids have an anion buffer and electrolyte composition closer to 
human blood plasma, though formulations vary. As a result, high-volume 
resuscitation with 0.9% saline often induces a hyperchloremic metabolic 
acidemia. Although 0.9% remains the most commonly used crystalloid 

Table 85.6     Physical Examination and Selected Laboratory Signs in Shock

Central nervous system Acute delirium, restlessness, disorientation, confusion, and coma, which may be secondary to decreased cerebral 
perfusion pressure (mean arterial pressure minus intracranial pressure). Patients with chronic hypertension or 
increased intracranial pressure may be symptomatic at normal blood pressures. Cheyne-Stokes respirations may be 
seen with severe decompensated heart failure. Blindness can be a presenting complaint or complication.

Temperature Hyperthermia results in excess tissue respiration and greater systemic oxygen delivery requirements. Hypothermia 
can occur when decreased systemic oxygen delivery or impaired cellular respiration decreases heat generation.

Skin Cool distal extremities (combined low serum bicarbonate and high arterial lactate levels) aid in identifying patients 
with hypoperfusion. Pallor, cyanosis, sweating, and decreased capillary refill and pale, dusky, clammy, or mottled 
extremities indicate systemic hypoperfusion. Dry mucous membranes and decreased skin turgor indicate low 
vascular volume. Low toe temperature correlates with the severity of shock.

General cardiovascular Neck vein distention (e.g., heart failure, pulmonary embolus, pericardial tamponade) or flattening (e.g., hypovolemia), 
tachycardia, and arrhythmias. Decreased coronary perfusion pressures can lead to ischemia, decreased ventricular 
compliance, and increased left ventricular diastolic pressure. A “mill wheel” heart murmur may be heard with an air 
embolus.

Heart rate Usually elevated. However, paradoxical bradycardia can be seen in patients with preexisting cardiac disease and 
severe hemorrhage. Heart rate variability is associated with poor outcomes.

Systolic blood pressure May actually increase slightly when cardiac contractility increases in early shock and then fall as shock advances.

Diastolic blood pressure Correlates with arteriolar vasoconstriction and may rise early in shock and then fall when cardiovascular compensation 
fails.

Pulse pressure Defined as systolic minus diastolic pressure and related to stroke volume and the rigidity of the aorta. Increases early 
in shock and decreases before systolic pressure decreases.

Pulsus paradoxus An exaggerated change in systolic blood pressure with respiration (systolic blood pressure declines >10 mm Hg with 
inspiration) seen in asthma, cardiac tamponade, and air embolus.

Mean arterial blood 
pressure

Diastolic blood pressure + [pulse pressure/3]

Shock index Heart rate/systolic blood pressure. Normal = 0.5-0.7. A persistent elevation of the shock index (>1.0) indicates 
impaired left ventricular function (as a result of blood loss or cardiac depression) and is associated with increased 
mortality.

Respiratory Tachypnea, increased minute ventilation, increased dead space, bronchospasm, hypocapnia with progression to 
respiratory failure, acute lung injury, and adult respiratory distress syndrome.

Abdomen Low-flow states may result in abdominal pain, ileus, gastrointestinal bleeding, pancreatitis, acalculous cholecystitis, 
mesenteric ischemia, and shock liver.

Renal Because the kidney receives 20% of cardiac output, low cardiac output reduces the glomerular filtration rate 
and redistributes renal blood flow from the renal cortex toward the renal medulla, thereby leading to oliguria. 
Paradoxical polyuria in early sepsis may be confused with adequate hydration.

Metabolic Respiratory alkalosis is the first acid-base abnormality, but metabolic acidosis rapidly occurs as shock progresses. 
Hyperglycemia, hypoglycemia, and hyperkalemia may develop. Hyperferritinemia suggests a poor prognosis.

From Angus DC. Approach to the patient with shock. In Goldman L, Schafer AI, eds. Goldman-Cecil Medicine, 26th ed. Philadelphia: Elsevier; 2020:643, Table 98-1.
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A child with vasodilatory shock needs a vasoactive agent with potent vasoconstrictor effects.
Which agent has that effect in the table?

A. Norepinephrine

B. Albuterol

C. Furosemide

D. Acetazolamide

E. Aspirin

Original table 85.7  |  Nelson printed p. 610  |  PDF p. 657
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airway may be needed in patients who are obtunded or have suf-
fered a traumatic neck or chest injury. Supplemental oxygen should 
be provided to correct hypoxemia if Spo2 is <92–94%. Although uni-
versal supplemental oxygen administration can, in theory, augment 
tissue oxygen delivery by increasing oxygen content of the blood, this 
approach is of little benefit if the oxyhemoglobin saturation is >92–
94%, and some studies suggest harm from hyperoxia. However, uni-
versal administration of high fraction of inspired oxygen is likely to be 
beneficial for patients with severe anemia or dissociative shock. When 
oxygen is required, use of a 100% non-rebreather mask provides the 
highest amount of noninvasive supplemental oxygen delivery.

Indications for intubation and mechanical ventilation include acute 
hypoxemic or hypercarbic respiratory failure or persistence of circula-
tory failure, in which case a reduction in metabolic demand facilitated by 
sedation and ventilatory support can be helpful. Sedation and endotra-
cheal intubation reduce the work of breathing, which can divert cardiac 
output away from the muscles of respiration and improve perfusion to 
other organs. However, extra caution needs to be taken during intubation 
and the transition from negative pressure to positive pressure ventilation. 
Positive pressure ventilation will decrease venous return in a patient who 
is already hypovolemic, which could precipitate cardiovascular collapse. 
It is therefore prudent to have fluid boluses readily available and vasoac-
tive agents started or immediately ready to administer during this transi-
tion. Of the sedative agents available for intubation, ketamine is generally 
preferred because of its favorable hemodynamic effects that typically 
augment cardiac output and BP. As several studies have reported adverse 
outcomes after intubation with etomidate, pediatric septic shock guide-
lines recommend against using etomidate in these patients. 

Specific Management Considerations by Shock Type
For children with cardiogenic shock due to congenital heart disease, 
cardiomyopathies, myocarditis, MIS-C, or other causes, decreased 
myocardial contractility must be reversed by early treatment with 
inotropes, such as epinephrine, dopamine, dobutamine, or milrinone. 
Gentle volume resuscitation to optimize preload may also be helpful, 
but excessive fluid administration can worsen volume overload and 
further compromise heart function. Despite adequate cardiac output 
with the support of inotropic agents, a high SVR with poor peripheral 
perfusion and acidosis may persist in cardiogenic shock. Therefore, if 
not already started, inodilators such as milrinone may improve systolic 
function and decrease SVR without causing a significant increase in 
HR. Furthermore, this agent has the added benefit of enhancing dia-
stolic relaxation. Dobutamine or other vasodilating agents, such as 
nitroprusside, may also be considered in this setting (see Table 85.7).

In obstructive shock, action is often needed to relieve the point of 
mechanical obstruction. Examples include thoracentesis for tension 
pneumothorax, pericardiocentesis for cardiac tamponade, and admin-
istration of systemic fibrinolytic medications for pulmonary embolism. 
For neonates or young infants (typically <2-3 weeks of age) with shock 
caused by ductal-dependent congenital heart disease, a prostaglandin 
infusion should be started to maintain systemic cardiac output while 
preparing to transfer to a pediatric specialty center.

The management of septic shock should follow the recommenda-
tions of the 2020 Surviving Sepsis Campaign International Guidelines 
for the Management of Septic Shock and Sepsis-Associated Organ 
Dysfunction in Children (see Fig. 85.2 and Fig. 85.3). These guidelines 
recommend six initial management steps in the first hour after shock 

Table 85.7     Vasoactive Medications to Treat Shock

DRUG EFFECT(S) DOSING RANGE COMMENT(S)

Epinephrine ↑ Heart rate and ↑ cardiac contractility 0.05-2.0 μg/kg/min May ↓ renal perfusion at high 
doses

Vasodilator at low doses, but potent 
vasoconstrictor at doses >0.1 mcg/kg/min

↑ Myocardial O2 consumption
Risk of arrhythmia at high doses

Norepinephrine Potent vasoconstriction 0.05-2.0 μg/kg/min ↑ Blood pressure secondary to ↑ 
systemic vascular resistance

↑ Cardiac contractility (but may be blunted by 
increased afterload)

↑ Left ventricular afterload

Dopamine ↑ Cardiac contractility 3-20 μg/kg/min ↑ Risk of arrhythmias at high doses
Significant peripheral vasoconstriction at 
>10 μg/kg/min

Dobutamine ↑ Cardiac contractility 3-10 μg/kg/min —
Peripheral vasodilator

Phenylephrine Potent vasoconstriction
No effect on cardiac contractility

0.25-2.0 μg/kg/min Can cause sudden hypertension

Vasopressin Potent vasoconstriction 0.5-20 milliunits/kg/min Can cause sudden hypertension

Angiotensin II Potent vasoconstrictor Stepwise increase 5-10-25-40-80  
ng/kg/min over 3 hr with titration 
down to 1.25-40 ng/kg/min after 
3 hr

Can cause sudden hypertension, 
arterial ischemia

Methylene blue Reduce responsiveness to cGMP-dependent 
(e.g., ischemia-reperfusion, NO mediated) 
vasodilators

Bolus 1-2 mg/kg, then consider 
continuous infusion 0.5-.01 mg/
kg/hr

Causes blue/green discoloration 
of skin and urine

Milrinone Increased cardiac contractility 0.25-1.0 μg/kg/min Phosphodiesterase inhibitor— 
slows cyclic adenosine 
monophosphate breakdown

Improves cardiac diastolic function
Peripheral vasodilation

Prostaglandin E1 Vasodilator 0.01-0.2 μg/kg/min Can lead to hypotension
Maintains an open ductus arteriosus in the 

newborn with ductal-dependent congenital 
heart disease

Risk of apnea
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A child has inspiratory stridor and marked retractions. Which anatomic level best matches the
localization table?

A. Extrathoracic airway

B. Alveolar compartment

C. Pleural space only

D. Renal collecting system

E. Myocardium
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The term respiratory distress is used to denote signs and symptoms of 
an abnormal respiratory pattern. A child with nasal flaring, tachypnea, 
chest wall retractions, stridor, grunting, dyspnea, or wheezing has 
respiratory distress. Taken together, the magnitude of these findings is 
used to judge clinical severity. Nasal flaring is nonspecific, but the other 
signs are useful in localizing the site of pathology (see Chapter 421). 
Respiratory failure is defined as the inability of the lungs to provide suf-
ficient oxygen (hypoxic respiratory failure) or remove carbon dioxide 
(ventilatory failure) to meet metabolic demands. Therefore, whereas 
respiratory distress is determined by a clinical impression, respiratory 
failure is diagnosed when inadequate oxygenation or ventilation (or 
both) are present. Respiratory distress can occur in patients without 
respiratory disease, and respiratory failure can occur in patients with-
out respiratory distress.

RESPIRATORY DISTRESS
A careful physical examination must be performed when evaluating 
a child in respiratory distress. Nasal flaring, although nonspecific, 
is an extremely important sign of distress in infants. It may indicate 
discomfort, pain, fatigue, acidosis, or breathing difficulty. The state of 
responsiveness is another crucial sign. Lethargy, disinterest in sur-
roundings, and weak cry are suggestive of exhaustion, hypercarbia, 
and impending respiratory failure. Abnormalities of the rate and depth 
of breathing can occur with both pulmonary and nonpulmonary 
causes of respiratory distress. In diseases of decreased lung compli-
ance, such as pneumonia and pulmonary edema, breathing is charac-
teristically rapid and shallow (decreased tidal volume). In obstructive 
airway diseases, such as asthma and laryngotracheitis, breathing gen-
erally is deep with increased tidal volume, but less rapid. Rapid and 
deep breathing (tachypnea and hyperpnea) without other respiratory 
signs should raise suspicion of possible nonpulmonary or nonthoracic 
causes of respiratory distress, such as response to metabolic acidosis 
(e.g., diabetic ketoacidosis, renal tubular acidosis) or stimulation of 
the respiratory center (e.g., encephalitis, ingestion of central nervous 
system stimulants). Suprasternal, intercostal, and subcostal retrac-
tions are manifestations of increased inspiratory effort, weak chest 
wall, or both. Inspiratory stridor indicates airway obstruction above 
the thoracic inlet, whereas expiratory wheezing results from airway 
obstruction below the thoracic inlet. Grunting is most commonly 
heard in diseases with decreased functional residual capacity (e.g., 
pneumonia, pulmonary edema) or peripheral airway obstruction 
(e.g., bronchiolitis).

Respiratory Disease Manifesting as Respiratory 
Distress
Clinical examination is paramount in localizing the site of pathology 
and creating a differential diagnosis. Extrathoracic airway obstruction 
occurs anywhere above the thoracic inlet and is marked by inspiratory 
stridor, retractions, and prolongation of inspiration. In contrast, fea-
tures of intrathoracic airway obstruction are prolongation of expiration 
and expiratory wheezing. Typical manifestations of alveolar interstitial 
pathology are rapid, shallow respirations, chest wall retractions, and 
grunting (Tables 86.1 and 86.2). 

Respiratory Distress Without Respiratory Disease
Although respiratory distress most frequently results from diseases of 
lungs, airways, and chest wall, pathology in other organ systems can 
manifest as respiratory distress and lead to misdiagnosis and inappro-
priate management (Table 86.3). Respiratory distress resulting from 
heart failure or diabetic ketoacidosis may be misdiagnosed as asthma 
and improperly treated with albuterol, resulting in worsened hemody-
namic state or ketoacidosis. Careful history and physical examination 
provide essential clues in avoiding misdiagnosis.

Cardiovascular Disease Manifesting as Respiratory 
Distress
A child with cardiovascular pathology may present with respiratory 
distress caused by either decreased lung compliance or cardiogenic shock 
(Table 86.4). Diseases that result in increased pulmonary arterial blood 
flow (e.g., left-to-right shunts) or increased pulmonary venous pres-
sure (e.g., left ventricular dysfunction from hypertension or myocar-
ditis, obstructed total anomalous pulmonary venous return) cause an 
increase in pulmonary capillary pressure and transudation of fluid 
into the pulmonary interstitium and alveoli. The increased pulmonary 
blood and water content lead to decreased lung compliance and result 
in rapid shallow breathing.

It is important to recognize that interstitial lung edema may not 
only manifest as alveolar fluid but as small airway obstruction as well. 
Wheezing as a sign of congestive cardiac disease is common in infants 
and young children and should be recognized. Patients with cardiac 
lesions that result in low cardiac output often present in shock. For 
example, obstructive lesions of the left side of the heart (e.g., critical 
coarctation of the aorta) and acquired or congenital cardiomyopathy 
result in decreased perfusion and metabolic acidosis, as well as respira-
tory distress because of chemoreceptor and baroreceptor stimulation. 
The likelihood of a particular cardiovascular illness manifesting as 
respiratory distress depends on age at presentation (Table 86.5). 

Neurologic Disease Manifesting as Respiratory  
Distress
Central nervous system (CNS) dysfunction can lead to alterations in 
respiratory patterns and manifest as respiratory distress. Increased 
intracranial pressure (ICP) may manifest as respiratory distress. Early 
rise in ICP results in stimulation of respiratory centers, leading to 
increases in the rate (tachypnea) and depth (hyperpnea) of respira-
tion. The resultant decrease in arterial blood partial pressure of carbon 
dioxide (Paco2) and elevation of cerebrospinal fluid (CSF) pH leads 
to cerebral vasoconstriction and temporary amelioration of intracra-
nial hypertension. Stereotypical respiratory patterns are associated 

Chapter 86

Acute Care of Respiratory 
Distress and Failure
Alexandre T. Rotta, Martin C.J. Kneyber, 
and Ashok P. Sarnaik

Table 86.1    � Typical Localizing Signs for Pulmonary Pathology

SITE OF PATHOLOGY RESPIRATORY RATE RETRACTIONS AUDIBLE MANIFESTATION

Extrathoracic airway ↑ ↑↑↑↑ Stridor

Intrathoracic extrapulmonary ↑ ↑↑ Wheezing

Intrathoracic intrapulmonary ↑↑ ↑↑ Wheezing

Alveolar or interstitial ↑↑↑ ↑↑↑ Grunting, crackles
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A child with severe scoliosis develops respiratory pump failure. Which anatomic category in
the table is most relevant?

A. Thoracic cage

B. Alveolar epithelial cells

C. Large airway foreign body

D. Pulmonary vein alone

E. Nasal mucosa alone
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with dysfunction at various levels of the brain. Cerebral hemisphere 
and midbrain lesions result in hyperpnea and tachypnea. In such situ-
ations, arterial blood gas (ABG) measurements typically show respi-
ratory alkalosis without hypoxemia. Pathology affecting the pons and 
medulla manifests as irregular breathing patterns such as apneus-
tic breathing (prolonged inspiration with brief expiratory periods), 
Cheyne-Stokes breathing (alternate periods of rapid and slow breath-
ing), and irregular, ineffective breathing or apnea (Table 86.6). Along 
with respiratory changes, other manifestations of CNS dysfunction 
and increased ICP generally are present, such as focal neurologic signs, 
pupillary abnormalities, hypertension, and bradycardia (see Chapter 
82). Occasionally, severe CNS dysfunction can result in neurogenic 
pulmonary edema and respiratory distress, which may follow exces-
sive sympathetic discharge resulting in increased pulmonary venous 
hydrostatic pressure and increased pulmonary capillary permeability. 
Central neurogenic hyperventilation is characteristically observed in 
illnesses such as urea cycle defects and encephalitis. Bradycardia and 
apnea may be caused by CNS-depressant medications, poisoning, pro-
longed hypoxia, trauma, or infection (see Table 86.2). 

Toxic Metabolic States Manifesting as Respiratory 
Distress
Direct stimulation of respiratory centers resulting in respiratory 
alkalosis is encountered in intoxication involving agents such as 
salicylates and theophylline. Similarly, intoxication with general 
CNS stimulants, such as cocaine and amphetamines, may result in 
increased respiration. Presence of endogenous (e.g., organic acids) 
or exogenous (e.g., methanol, ethylene glycol, salicylates) toxins 
causes metabolic acidosis and compensatory hyperventilation, 
which can manifest as respiratory distress. ABG measurements 
show decreased pH and compensatory hypocarbia with normal 
oxygenation. Conversely, metabolic disorders with hyperammo-
nemia cause respiratory alkalosis (decreased Paco2 with increased 
pH) as ammonia directly stimulates the respiratory centers. Cya-
nide poisoning and methemoglobinemia may also produce respira-
tory distress. 

Other Nonpulmonary Entities Manifesting as 
Respiratory Distress
Sepsis and septic shock may cause respiratory distress from hypovo-
lemic stimulation of baroreceptors, cytokine stimulation of respiratory 
centers, and lactic acidosis; they can also lead to acute respiratory 
distress syndrome (ARDS). Other indirect causes of ARDS include 
systemic inflammatory conditions, trauma, transfusion-related acute 
lung injury, and pancreatitis. Similarly, renal disease may manifest as 
respiratory distress by causing metabolic acidosis (e.g., renal tubular 
acidosis or renal failure) or hypertensive left ventricular failure and 
fluid overload. 

RESPIRATORY FAILURE
Respiratory failure occurs when oxygenation and ventilation are insuf-
ficient to meet the metabolic demands of the body. Respiratory failure 
may result from an abnormality in (1) lung and airways, (2) chest wall 
and muscles of breathing, or (3) central and peripheral chemorecep-
tors. Clinical manifestations depend largely on the site of pathology. 
Although respiratory failure is traditionally defined as respiratory 

Table 86.2    � Examples of Anatomic Sites of Lesions Causing 
Respiratory Failure

LUNG RESPIRATORY PUMP

CENTRAL AIRWAY  
OBSTRUCTION THORACIC CAGE

Choanal atresia
Tonsilloadenoidal hypertrophy
Retropharyngeal/peritonsillar 

abscess
Laryngomalacia
Epiglottitis
Vocal cord paralysis
Laryngotracheitis
Subglottic stenosis
Vascular ring/pulmonary sling
Mediastinal mass
Foreign body

Kyphoscoliosis
Diaphragmatic hernia
Flail chest
Eventration of diaphragm
Asphyxiating thoracic dystrophy
Prune-belly syndrome
Dermatomyositis
Abdominal distention

PERIPHERAL AIRWAY  
OBSTRUCTION BRAINSTEM

Asthma
Bronchiolitis
Foreign body
Aspiration of gastric contents
Cystic fibrosis
α1-Antitrypsin deficiency

Arnold-Chiari malformation
Central hypoventilation syndrome
CNS depressants, including drug 

overdose
Trauma
Increased intracranial pressure
CNS infections

ALVEOLAR OR INTERSTITIAL 
DISEASE SPINAL CORD

Lobar pneumonia*
ARDS
Surfactant deficiency
Interstitial pneumonia
Hydrocarbon pneumonitis
Pulmonary hemorrhage/

hemosiderosis
Vaping lung injury
Smoke inhalation
Drowning

Trauma
Transverse myelitis
Spinal muscular atrophy
Poliomyelitis
Compression (tumor, abscess, 

bleed)
Acute flaccid myelitis

NEUROMUSCULAR

Phrenic nerve injury
Birth trauma
Infant botulism
Guillain-Barré syndrome
Muscular dystrophy
Myasthenia gravis
Organophosphate poisoning

*Including bacteria and viral; fungal or parasitic less common.
ARDS, Acute respiratory distress syndrome; CNS, central nervous system.

Table 86.3    � Nonpulmonary Causes of Respiratory Distress

DOMAIN EXAMPLE(S) MECHANISM(S)

Cardiovascular Left-to-right shunt
Congestive heart 

failure
Cardiogenic shock

↑ Pulmonary blood/water 
content

Metabolic acidosis
Baroreceptor stimulation

CNS Increased intracranial 
pressure

Encephalitis
Neurogenic pulmonary 

edema
Toxic encephalopathy

Stimulation of brainstem 
respiratory centers

Metabolic Diabetic ketoacidosis
Organic acidemia
Hyperammonemia

Stimulation of central 
and peripheral 
chemoreceptors

Renal Renal tubular acidosis Stimulation of central 
and peripheral 
chemoreceptors

Hypertension Left ventricular 
dysfunction → increased 
pulmonary blood/water 
content

Infection Toxic shock syndrome
Septic shock
Meningococcemia

Cytokine stimulation of 
respiratory centers

Baroreceptor stimulation 
from shock

Metabolic acidosis

CNS, Central nervous system.
Courtesy Dr. Ashok Sarnaik.
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A child with diabetic ketoacidosis has rapid deep breathing despite clear lungs. Which
nonpulmonary mechanism in the table accounts for respiratory distress?

A. Metabolic acidosis

B. Primary asthma exacerbation

C. Pleural empyema

D. Lobar consolidation

E. Foreign body aspiration
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with dysfunction at various levels of the brain. Cerebral hemisphere 
and midbrain lesions result in hyperpnea and tachypnea. In such situ-
ations, arterial blood gas (ABG) measurements typically show respi-
ratory alkalosis without hypoxemia. Pathology affecting the pons and 
medulla manifests as irregular breathing patterns such as apneus-
tic breathing (prolonged inspiration with brief expiratory periods), 
Cheyne-Stokes breathing (alternate periods of rapid and slow breath-
ing), and irregular, ineffective breathing or apnea (Table 86.6). Along 
with respiratory changes, other manifestations of CNS dysfunction 
and increased ICP generally are present, such as focal neurologic signs, 
pupillary abnormalities, hypertension, and bradycardia (see Chapter 
82). Occasionally, severe CNS dysfunction can result in neurogenic 
pulmonary edema and respiratory distress, which may follow exces-
sive sympathetic discharge resulting in increased pulmonary venous 
hydrostatic pressure and increased pulmonary capillary permeability. 
Central neurogenic hyperventilation is characteristically observed in 
illnesses such as urea cycle defects and encephalitis. Bradycardia and 
apnea may be caused by CNS-depressant medications, poisoning, pro-
longed hypoxia, trauma, or infection (see Table 86.2). 

Toxic Metabolic States Manifesting as Respiratory 
Distress
Direct stimulation of respiratory centers resulting in respiratory 
alkalosis is encountered in intoxication involving agents such as 
salicylates and theophylline. Similarly, intoxication with general 
CNS stimulants, such as cocaine and amphetamines, may result in 
increased respiration. Presence of endogenous (e.g., organic acids) 
or exogenous (e.g., methanol, ethylene glycol, salicylates) toxins 
causes metabolic acidosis and compensatory hyperventilation, 
which can manifest as respiratory distress. ABG measurements 
show decreased pH and compensatory hypocarbia with normal 
oxygenation. Conversely, metabolic disorders with hyperammo-
nemia cause respiratory alkalosis (decreased Paco2 with increased 
pH) as ammonia directly stimulates the respiratory centers. Cya-
nide poisoning and methemoglobinemia may also produce respira-
tory distress. 

Other Nonpulmonary Entities Manifesting as 
Respiratory Distress
Sepsis and septic shock may cause respiratory distress from hypovo-
lemic stimulation of baroreceptors, cytokine stimulation of respiratory 
centers, and lactic acidosis; they can also lead to acute respiratory 
distress syndrome (ARDS). Other indirect causes of ARDS include 
systemic inflammatory conditions, trauma, transfusion-related acute 
lung injury, and pancreatitis. Similarly, renal disease may manifest as 
respiratory distress by causing metabolic acidosis (e.g., renal tubular 
acidosis or renal failure) or hypertensive left ventricular failure and 
fluid overload. 

RESPIRATORY FAILURE
Respiratory failure occurs when oxygenation and ventilation are insuf-
ficient to meet the metabolic demands of the body. Respiratory failure 
may result from an abnormality in (1) lung and airways, (2) chest wall 
and muscles of breathing, or (3) central and peripheral chemorecep-
tors. Clinical manifestations depend largely on the site of pathology. 
Although respiratory failure is traditionally defined as respiratory 

Table 86.2    � Examples of Anatomic Sites of Lesions Causing 
Respiratory Failure

LUNG RESPIRATORY PUMP

CENTRAL AIRWAY  
OBSTRUCTION THORACIC CAGE

Choanal atresia
Tonsilloadenoidal hypertrophy
Retropharyngeal/peritonsillar 

abscess
Laryngomalacia
Epiglottitis
Vocal cord paralysis
Laryngotracheitis
Subglottic stenosis
Vascular ring/pulmonary sling
Mediastinal mass
Foreign body

Kyphoscoliosis
Diaphragmatic hernia
Flail chest
Eventration of diaphragm
Asphyxiating thoracic dystrophy
Prune-belly syndrome
Dermatomyositis
Abdominal distention

PERIPHERAL AIRWAY  
OBSTRUCTION BRAINSTEM

Asthma
Bronchiolitis
Foreign body
Aspiration of gastric contents
Cystic fibrosis
α1-Antitrypsin deficiency

Arnold-Chiari malformation
Central hypoventilation syndrome
CNS depressants, including drug 

overdose
Trauma
Increased intracranial pressure
CNS infections

ALVEOLAR OR INTERSTITIAL 
DISEASE SPINAL CORD

Lobar pneumonia*
ARDS
Surfactant deficiency
Interstitial pneumonia
Hydrocarbon pneumonitis
Pulmonary hemorrhage/

hemosiderosis
Vaping lung injury
Smoke inhalation
Drowning

Trauma
Transverse myelitis
Spinal muscular atrophy
Poliomyelitis
Compression (tumor, abscess, 

bleed)
Acute flaccid myelitis

NEUROMUSCULAR

Phrenic nerve injury
Birth trauma
Infant botulism
Guillain-Barré syndrome
Muscular dystrophy
Myasthenia gravis
Organophosphate poisoning

*Including bacteria and viral; fungal or parasitic less common.
ARDS, Acute respiratory distress syndrome; CNS, central nervous system.

Table 86.3    � Nonpulmonary Causes of Respiratory Distress

DOMAIN EXAMPLE(S) MECHANISM(S)

Cardiovascular Left-to-right shunt
Congestive heart 

failure
Cardiogenic shock

↑ Pulmonary blood/water 
content

Metabolic acidosis
Baroreceptor stimulation

CNS Increased intracranial 
pressure

Encephalitis
Neurogenic pulmonary 

edema
Toxic encephalopathy

Stimulation of brainstem 
respiratory centers

Metabolic Diabetic ketoacidosis
Organic acidemia
Hyperammonemia

Stimulation of central 
and peripheral 
chemoreceptors

Renal Renal tubular acidosis Stimulation of central 
and peripheral 
chemoreceptors

Hypertension Left ventricular 
dysfunction → increased 
pulmonary blood/water 
content

Infection Toxic shock syndrome
Septic shock
Meningococcemia

Cytokine stimulation of 
respiratory centers

Baroreceptor stimulation 
from shock

Metabolic acidosis

CNS, Central nervous system.
Courtesy Dr. Ashok Sarnaik.
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An infant with a large left-to-right cardiac shunt develops tachypnea and increased work of
breathing. Which cardiovascular mechanism in the table is relevant?

A. Increased pulmonary blood flow and reduced lung compliance

B. Isolated upper-airway foreign body

C. Primary diaphragmatic paralysis

D. Pulmonary embolism in every case

E. Exclusive central sleep apnea
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dysfunction resulting in arterial partial pressure of oxygen (Pao2) <60 
mm Hg when breathing ambient air and Paco2 >50 mm Hg resulting 
in acidemia, the patient’s general state, respiratory effort, and potential 
for impending exhaustion are more important indicators than ABG 
values.

Pathophysiology
Respiratory failure can be classified into hypoxic respiratory failure 
(failure of oxygenation) and hypercarbic respiratory failure (failure 
of ventilation). Systemic venous (pulmonary arterial) blood is arte-
rialized through equilibration with alveolar gas in the pulmonary 
capillaries and is carried back to the heart by pulmonary veins. Arte-
rial blood oxygen and carbon dioxide content are influenced by the 
composition of the inspired gas, effectiveness of alveolar ventilation, 
pulmonary capillary perfusion, and diffusion capacity of the alveolar 
capillary membrane. An abnormality in any of these steps can result 
in respiratory failure. Hypoxic respiratory failure results from intra-
pulmonary shunting and venous admixture or insufficient diffusion of 
oxygen from alveoli into pulmonary capillaries. This physiology can 
be caused by small airways obstruction, increased barriers to diffusion 
(e.g., interstitial edema, fibrosis), and conditions in which alveoli are 
collapsed or filled with fluid (e.g., pneumonia, atelectasis, pulmonary 
edema). In most cases, hypoxic respiratory failure is associated with 
decreased functional residual capacity and can be managed by lung 
volume recruitment with positive pressure ventilation. Hypercarbic 
respiratory failure is caused by decreased minute ventilation (i.e., tidal 
volume multiplied by respiratory rate). This can result from centrally 
mediated disorders of respiratory drive, increased dead space ventila-
tion, or obstructive airway disease. Hypoxic and hypercarbic respiratory 
failure may coexist as a combined failure of oxygenation and ventilation.

Ventilation-Perfusion Mismatch
For exchange of O2 and CO2 to occur, alveolar gas must be exposed to 
blood transiting in close proximity through the pulmonary capillar-
ies. Both ventilation and perfusion are lower in nondependent areas 
(upper lobes in upright position) of the lung and higher in dependent 
areas (lower lobes in upright position). The difference in perfusion (Q̇) 
is greater than the difference in ventilation (V̇). Perfusion in excess 
of ventilation results in incomplete arterialization of systemic venous 
(pulmonary arterial) blood and is referred to as venous admixture. 
Perfusion of unventilated areas is referred to as intrapulmonary 
shunting. Conversely, ventilation that is in excess of perfusion is 
wasted; that is, it does not contribute to gas exchange and is referred 
to as dead space ventilation. Dead space ventilation results in return 
of greater amounts of atmospheric gas (which has not participated in 
gas exchange and has negligible CO2) back to the atmosphere during 
exhalation. The respiratory dead space is divided into the anatomic 
dead space and the alveolar dead space. The anatomic dead space 
includes the conducting airways from the nasopharynx to the terminal 
bronchioles, ends at the alveoli, and has no contact with the pulmonary 
capillary bed. The alveolar dead space refers to areas of the lung where 
alveoli are ventilated but not perfused. Under normal conditions, 
this usually occurs in West zone I, where alveolar pressure is greater 
than pulmonary capillary pressure, thus restricting blood flow. Under 
clinical conditions, this alveolar dead space may result from dynamic 
hyperinflation, high levels of positive end-expiratory pressure (PEEP), 
or large tidal volume in mechanically ventilated patients. Additionally, 
conditions that cause decreased pulmonary artery perfusion (e.g., pul-
monary embolism, decreased cardiac output, hypovolemia) can result 
in alveolar dead space. The result is a decrease in mixed expired CO2 
(Peco2) and an increase in the Paco2 − Peco2 gradient. Dead space as 
a fraction of tidal volume (Vd/Vt) is calculated as:

(Paco2 − Peco2) ÷ Paco2

Normal Vd/Vt is approximately 0.33. Venous admixture and intra-
pulmonary shunting predominantly affect oxygenation, resulting in 
an alveolar partial pressure of oxygen (Pao2) to Pao2 (A-ao2) gradi-
ent without elevation in Paco2. This occurs due to greater ventilation 
of perfused areas, which is sufficient to normalize Paco2 but not Pao2 
because of their respective dissociation curves. The relative straight-line 

Table 86.4    � Cardiovascular Pathology Manifesting as  
Respiratory Distress

I. DECREASED LUNG COMPLIANCE
A. Left-to-right shunts
	1.	� Ventricular septal defect, atrial septal defect, patent ductus  

arteriosus, atrioventricular canal, truncus arteriosus
	2.	� Cerebral or hepatic arteriovenous fistula

B. Ventricular failure
	1.	� Left heart obstructive lesions

a. Aortic stenosis
b. Coarctation of the aorta
c. Interrupted aortic arch
d. Mitral stenosis
e. Hypoplastic left heart syndrome

	2.	� Myocardial infarction
a. Anomalous left coronary artery from the pulmonary artery 

(ALCAPA)
b. Ventriculocoronary arterial connections (coronary sinusoids)

	3.	� Hypertension
a. Acute glomerulonephritis

	4.	� Inflammatory/infectious
a. Myocarditis
b. Pericardial effusion

	5.	� Idiopathic/genetic
a. Dilated cardiomyopathy
b. Hypertrophic obstructive cardiomyopathy
c. Takotsubo syndrome

C. Pulmonary venous obstruction
	1.	� Total anomalous pulmonary venous connection with obstruction
	2.	� Cor triatriatum

II. SHOCK RESULTING IN METABOLIC ACIDOSIS
A. Left heart obstructive lesions
B. Acute ventricular failure
	1.	� Myocarditis, myocardial infarction

Table 86.5    � Typical Chronology of Heart Disease  
Presentation in Children

AGE MECHANISM DISEASE

Newborn  
(1-10 days)

↑ Arteriovenous  
pressure difference

Arteriovenous  
malformation (brain, liver)

Ductal closure Single ventricle lesions or 
severe ventricular outflow 
obstruction

Independent 
pulmonary and 
systemic blood flow

Transposition of the great 
arteries

Pulmonary venous 
obstruction

Total anomalous pulmonary 
venous return (TAPVR)

Young infant 
(1-6 mo)

↓ Pulmonary vascular 
resistance

Left-to-right shunt lesions

↓ Pulmonary artery 
pressure

Anomalous left coronary  
artery from the pulmonary 
artery (ALCAPA)

Any age Heart rate disturbance Tachyarrhythmias or  
bradyarrhythmias

Infection Myocarditis, endocarditis, 
pericarditis

Abnormal cardiac 
myocytes

Cardiomyopathy

Excess afterload Hypertension
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An unconscious child exhibits a prolonged inspiratory pause followed by prolonged expiration.
Which neurologic level in the respiratory-pattern table is associated with apneustic breathing?

A. Pons

B. Cerebral cortex

C. Peripheral sensory nerve

D. Cerebellar hemisphere

E. Spinal anterior horn alone
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relationship of the hemoglobin-CO2 dissociation allows for averaging 
of capillary Pco2 (Pcco2) from hyperventilated and hypoventilated 
areas. Because the association between oxygen tension and hemoglobin 
saturation plateaus with increasing Pao2 (i.e., “S-shaped” curve), the 
decreased hemoglobin-O2 saturation in poorly ventilated areas cannot 
be compensated for by well-ventilated areas where hemoglobin-O2 sat-
uration has already reached near-maximum. This results in decreased 
arterial oxyhemoglobin saturation (Sao2) and Pao2. Elevation of Paco2 
in such situations is indicative of coincident alveolar hypoventilation. 
Examples of diseases leading to venous admixture include asthma and 
aspiration pneumonia and pulmonary embolism, and those of intra-
pulmonary shunt include lobar pneumonia and ARDS. 

Diffusion
Even if ventilation and perfusion are matched, gas exchange requires 
diffusion across the interstitial space between the alveoli and pulmo-
nary capillaries. Under normal conditions, there is sufficient time for 
the pulmonary capillary blood to equilibrate with alveolar gas across 
the interstitial space. When the interstitial space is thickened by extrav-
asated fluid or inflammatory cells, diffusion is impaired. Because the 
diffusion capacity of CO2 is 20 times greater than that of O2, diffusion 
defects manifest as hypoxemia rather than hypercarbia. Even with the 
administration of 100% oxygen, Pao2 increases to approximately 660 

mm Hg from 100 mm Hg at sea level, and the concentration gradi-
ent for diffusion of O2 is increased by only 6.6 times. Therefore, with 
diffusion defects, lethal hypoxemia will set in before clinically signifi-
cant CO2 retention results. In fact, in such situations, Paco2 is often 
decreased because of the hyperventilation that accompanies hypox-
emia. The presence of hypercarbia in diseases that impair diffusion is 
indicative of alveolar hypoventilation from coexisting airway obstruc-
tion, CNS depression, or exhaustion. Examples of disease that impair 
diffusion are interstitial pneumonia, scleroderma, pulmonary lym-
phangiectasia, and ARDS. 

Acute Respiratory Distress Syndrome
Some patients with respiratory failure meet criteria for ARDS, a pul-
monary condition of myriad etiologies characterized by hypoxemia of 
acute onset and chest radiograph findings consistent with acute pulmo-
nary parenchymal disease (Fig. 86.1). ARDS affects both children and 
adults and can be the result of pulmonary (direct) or extrapulmonary 
(indirect) insults. Causes of direct ARDS include pneumonia, aspira-
tion of gastric contents or toxic chemicals, lung contusion, and smoke 
inhalation. Causes of indirect ARDS include sepsis, transfusion-related 
lung injury, and pancreatitis, to name a few. The diagnostic criteria for 
pediatric acute respiratory distress syndrome (PARDS) are outlined in 
Table 86.7. 

Table 86.6    � Respiratory Patterns in Neurologic Disease

INJURY SITE PATTERN* COMMENTS

Normal
Variable Vt with normal respiratory pauses and sighs

Cortex
Hyperpnea and tachypnea

Midbrain

Cheyne-Stokes breathing: Gradually increasing and decreasing Vt

Pons
Apneustic breathing: Prolonged inspiration followed by prolonged expiration

Medulla and 
pons

Biot breathing: Rapid and irregular respirations with pauses

*Pattern tracings represent lung volume over time.
Vt, Tidal volume.

A B C D

Fig. 86.1  Acute respiratory distress syndrome (ARDS). A, Normal chest radiograph. B, Chest radiograph demonstrating bilateral alveolar infiltrates 
consistent with ARDS. C, Chest CT showing bilateral pneumonitis and consolidation with air bronchograms consistent with ARDS. D, Lung ultrasono-
gram illustrating smooth pleural line, absence of horizontal A lines, and presence of vertical B lines suggestive of ARDS. (Modified from MacSweeney 
R, McAuley DF. Acute respiratory distress syndrome. Lancet. 2016;388:2416-2430, Fig. 3.)
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A child develops new bilateral pulmonary opacities and respiratory failure 2 days after sepsis,
not explained by cardiac failure or fluid overload. Which syndrome's definition in the table
should be assessed?

A. Pediatric acute respiratory distress syndrome

B. Isolated chronic obstructive lung disease

C. Stable neonatal transitional physiology

D. Acute heart failure as the only cause

E. Simple upper-airway obstruction
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MONITORING A CHILD IN RESPIRATORY DISTRESS 
AND RESPIRATORY FAILURE
Clinical Examination
Clinical observation is the most important component of monitoring. 
The presence and magnitude of abnormal clinical findings, their pro-
gression with time, and their temporal relation to therapeutic inter-
ventions serve as guides to diagnosis and management (see Chapter 
421). As much as possible, the child with respiratory distress or failure 
should be observed in the position of greatest comfort and in the least 
threatening environment.

Pulse oximetry is the most commonly used technique to monitor 
oxygenation. Noninvasive and safe, it is the standard of care in bedside 
monitoring of children during transport, procedural sedation, surgery, 
and critical illness. It indirectly measures arterial hemoglobin-O2 satura-
tion by differentiating oxyhemoglobin from deoxygenated hemoglobin 
through their respective light absorption at wavelengths of 660 nm (red) 
and 940 nm (infrared). A pulsatile circulation is required to enable detec-
tion of arterialized blood entering the capillary bed. Percentage of arte-
rial oxyhemoglobin is reported as Sao2; however, the correct description 
is oxyhemoglobin saturation as measured by pulse oximetry (Spo2). Such 
precision is needed because Spo2 may not always reflect Sao2. It is impor-
tant to be familiar with the hemoglobin-O2 dissociation curve (see Chap-
ter 421) to estimate Pao2 at a given oxyhemoglobin saturation. Because 
of the shape of the hemoglobin-O2 dissociation curve, changes in Pao2 
above 70 mm Hg are not readily identified by pulse oximetry. Also, at the 
same Pao2, there may be significant change in Spo2 at a different blood 
pH value. In most situations, Spo2 >95% is a reasonable goal, especially 
in emergency care. In patients receiving supplemental oxygen, a target 
saturation range of 94–96% should be considered in order to decrease 
unnecessary exposure that could result in oxygen toxicity. There are 
exceptions, such as in patients with large left-to-right shunts (e.g., ven-
tricular septal defect, patent ductus arteriosus) or with single-ventricle 
cardiac lesions in whom the pulmonary and systemic circulations are 
receiving blood flow from the same ventricle (e.g., after stage I palliation 
for hypoplastic left heart syndrome). In the latter, a lower Spo2 (75–85%) 
is desired to avoid excessive blood flow to the lungs and reduced blood 
flow to the systemic circulation that can lead to morbidity and death. 

Because most commercially available pulse oximeters recognize all types 
of hemoglobin as either oxyhemoglobin or deoxygenated hemoglobin, 
they provide inaccurate information in the presence of carboxyhemo-
globin and methemoglobin. In carbon monoxide poisoning, carboxyhe-
moglobin absorbs light in the same (red) wavelength as oxyhemoglobin, 
leading to overestimation of oxygen saturation. Methemoglobin absorbs 
light in both the oxygenated and deoxygenated wavelengths, which can 
cause either an overestimation or underestimation of oxygen saturation. 
Data suggest that increasing methemoglobin concentrations tend to 
drive Spo2 toward 85%, no matter the actual percent of oxyhemoglo-
bin. At lower methemoglobin levels, the pulse oximetry reading is falsely 
low, whereas high levels lead to a falsely high pulse oximetry reading. 
Newer specialized pulse oximeters can distinguish dyshemoglobinemias 
and prevent false readings, but their use is not widespread. It should be 
recognized that dangerous levels of hypercarbia may exist in patients 
with ventilatory failure, who have satisfactory Spo2 if they are receiving 
supplemental oxygen. Pulse oximetry should not be the only monitoring 
method in patients with primary ventilatory failure, such as neuromus-
cular weakness and CNS depression. It is also unreliable in patients with 
poor perfusion and poor pulsatile flow to the extremities. Pulse oximetry 
may underestimate the degree of hypoxia in Black patients. Despite these 
limitations, pulse oximetry is a noninvasive, easily applicable, and effec-
tive means of assessing oxygenation in most patients.

Volumetric capnography (end-tidal CO2 [Petco2] measurement) is 
helpful to noninvasively assess the effectiveness of ventilation and pul-
monary circulation. The Petco2 can be used to determine the alveolar 
dead space fraction (VD/VT) and is calculated as follows:

VD/VT = (Paco2 − Petco2) ÷ Paco2

Changes in the alveolar dead space fraction usually correlate well 
with changes in the gradient of Paco2 and Petco2 (Paco2 − Petco2). 
Thus a change in Paco2 − Petco2 can be used as an index of changes 
in alveolar dead space. Diseases resulting in increased alveolar dead 
space (e.g., asthma with dynamic hyperinflation) or decreased pulmo-
nary blood flow (e.g., pulmonary embolism, low cardiac output) lead 
to decreases in Petco2 and an increase in Paco2 − Petco2. Petco2 alone 
may overestimate adequacy of ventilation. 

Table 86.7     Pediatric Acute Respiratory Distress Syndrome (PARDS 2.0) Definition

Age Excludes patients with perinatal-related lung disease

Timing Within 7 days of a known clinical insult

Origin of edema Not fully explained by cardiac failure or fluid overload

Chest imaging New opacities (unilateral or bilateral) consistent with acute pulmonary parenchymal disease and which are not due 
primarily to atelectasis or pleural effusiona

Oxygenationb IMV: OI ≥ 4 or OSI ≥ 5
NIVc: Pao2/ Fio2 ≤ 300 or SPo2/ Fio2 ≤ 250

Stratification of PARDS severity: Apply ≥ 4 after initial diagnosis of PARDS

IMV PARDS Mild/moderate: OI <16 or OSI <12 Severe: OI ≥16 or OSI ≥12

NIV PARDSc Mild/moderate: Pao2/ Fio2>100 or SPo2/ Fio2 >150 Severe: Pao2/ Fio2 ≤ 100 or SPo2/ Fio2 ≤ 150

Special Populationsd

Cyanotic heart disease Above criteria, with acute deterioration in oxygenation not explained by cardiac disease

Chronic lung disease Above criteria, with acute deterioration in oxygenation from baseline

aChildren in resource-limited settings where imaging is not available who otherwise meet PARDS criteria are considered to have possible PARDS.
bOxygenation should be measured at steady state and not during transient desaturation episodes. When SPo2 is used, ensure that SPo2 is ≤ 97%.
cDiagnosis of PARDS on NIV (NIV PARDS) requires full facemask interface with continuous airway positive pressure/positive end-expiratory pressure ≥ 5cm H2O.
dStratification of PARDS severity does not apply to these populations.
IMV, invasive mechanical ventilation; NIV noninvasive ventilation; OI, oxygenation index; OSI, oxygen saturation index; PARDS, pediatric acute respiratory distress syndrome; SPo2, 

pulse oximeter oxygen saturation; Pao2, partial pressure of arterial oxygen; Fio2, fraction of inspired oxygen.
OI = mean airway pressure (MAP) (cm H2O) × Fio2 /Pao2 (mm Hg).
OSI = MAP (cm H2O) × Fio2 /SPo2.

Adapted from Executive Summary of the Second International Guidelines for the Diagnosis and Management of Pediatric Acute Respiratory Distress Syndrome (PALICC-2): Pediatr 
Crit Care Med 2023;24:143–168.
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A child needs a device capable of delivering a high inspired oxygen fraction while awaiting
definitive respiratory assessment. Which listed device can deliver a higher approximate FiO2
than a standard low-flow nasal cannula?

A. Non-rebreather face mask

B. Room air

C. A disconnected nasal cannula

D. An empty oxygen cylinder

E. Unpowered humidifier alone
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Hg and 300 mm Hg correlate approximately with S/F ratios of 
235 and 315, respectively. This relationship is most valid for Spo2 
values between 80% and 97%.

Pao2/Pao2 ratio is determined by dividing Pao2 by Pao2. The level 
of alveolar ventilation is accounted for in the calculation of Pao2. 
Therefore Pao2/Pao2 is more indicative of V̇/Q̇ mismatch and al-
veolar capillary integrity.

Oxygenation index (OI) is aimed at standardizing oxygenation to 
the level of concomitant therapeutic interventions (e.g., mean air-
way pressure [MAP] and Fio2) that influence oxygenation. None 
of the indicators of oxygenation mentioned earlier take into ac-
count the degree of positive pressure respiratory support. The OI 
is calculated as follows:

OI = (MAP × Fio2 × 100) / Pao2

Oxygenation saturation index (OSI) is analogous to OI and useful 
when Pao2 measurements are not available. It substitutes Spo2 for 
Pao2 in the formula as follows:

OSI = (MAP × Fio2 × 100) / Spo2

Both the OI and OSI are used in the Pediatric Acute Lung Injury 
Consensus Conference (PALICC) definition of PARDS. The main limi-
tation of OI and OSI is that level of ventilation is not accounted for in 
the assessment. 

MANAGEMENT
The goal of management for respiratory distress and respiratory failure 
is to ensure a patent airway and provide necessary support for adequate 
oxygenation of the blood and removal of CO2. Compared with hypercap-
nia, hypoxemia is a life-threatening condition; therefore initial therapy for 
respiratory failure should be aimed at ensuring adequate oxygenation.

Oxygen Administration
Supplemental oxygen administration is the least invasive and most eas-
ily tolerated therapy for hypoxemic respiratory failure. Nasal cannula 
oxygen provides low levels of oxygen supplementation and is easy to 
administer. Oxygen is humidified in a bubble humidifier and deliv-
ered via nasal prongs inserted into the nares. In children, a flow rate 
<5 L/min is most often used because of increasing nasal irritation with 
higher flow rates. A common formula for an estimation of the Fio2 
during use of a nasal cannula in older children and adults follows:

Fio2 (as a percentage) = 21% + (Nasal cannula flow [L/min] × 3)

The typical Fio2 value (expressed as a percentage rather than a frac-
tion of 1) using this method is between 23% and 40%, although the 
Fio2 varies according to the size of the child, the respiratory rate, and 
the volume of air moved with each breath. In a young child, because 
typical nasal cannula flow rates are a greater percentage of total minute 
ventilation, significantly higher Fio2 may be provided. Alternatively, 
a simple mask may be used, which consists of a mask with open side 
ports and a valveless oxygen source. Variable amounts of room air are 
entrained through the ports and around the side of the mask, depend-
ing on the fit, size, and minute volume of the child. Oxygen flow rates 
administered through a simple mask generally vary from 5 to 10 L/
min, yielding typical Fio2 values (expressed as a percentage rather than 
a fraction of 1) between 30% and 65%. If more precise delivery of oxy-
gen is desired, other mask devices should be used.

A Venturi mask provides preset Fio2 through a mask and reservoir 
system by entraining precise flow rates of room air into the reservoir 
along with high-flow oxygen. The adapter at the end of each mask res-
ervoir determines the flow rate of entrained room air and the subse-
quent Fio2 adapters provide Fio2 of 0.30-0.50. Oxygen flow rates of 5-10 
L/min are recommended to achieve the desired Fio2 and to prevent 
rebreathing. Partial rebreather and non-rebreather masks use a reser-
voir bag attached to a mask to provide higher Fio2. Partial rebreather 
masks have two open exhalation ports and contain a valveless oxygen 
reservoir bag. Some exhaled gas can mix with reservoir gas, although 
most exhaled gas exits the mask via the exhalation ports. Through these 
same ports, room air is entrained, and the partial rebreather mask can 

provide Fio2 up to 0.60 for as long as oxygen flow is adequate to keep 
the bag from collapsing (typically 10-15 L/min). As with nasal cannu-
las, smaller children with smaller tidal volumes entrain less room air, 
and their delivered Fio2 will be higher. Non-rebreather masks include 
two one-way valves, one between the oxygen reservoir bag and the 
mask and the other on one of the two exhalation ports. This arrange-
ment minimizes mixing of exhaled and fresh gas and entrainment of 
room air during inspiration. The second exhalation port has no valve, 
a safeguard to allow some room air to enter the mask in the event of 
disconnection from the oxygen source. A non-rebreather mask can 
provide Fio2 up to 0.95. The use of a non-rebreather mask in conjunc-
tion with an oxygen blender allows delivery of Fio2 between 0.50 and 
0.95 (Table 86.9). When supplemental oxygen alone is inadequate to 
improve oxygenation, or when ventilation impairments coexist, addi-
tional therapies may be necessary. 

Airway Adjuncts
Maintenance of a patent airway is a critical step in establishing adequate 
oxygenation and ventilation. Artificial pharyngeal airways may be use-
ful in patients with oropharyngeal or nasopharyngeal airway obstruc-
tion and in those with neuromuscular weakness in whom inherent 
extrathoracic airway resistance contributes to respiratory compromise. 
An oropharyngeal airway is a stiff plastic spacer with grooves along 
each side that is placed in the mouth to run from the teeth along the 
tongue to its base just above the vallecula. The spacer prevents the 
tongue from opposing the posterior pharynx and occluding the airway. 
Because the tip sits at the base of the tongue, it is usually not tolerated 
by patients who are awake or whose gag reflex is strong. The nasopha-
ryngeal airway, or nasal trumpet, is a flexible tube that can be inserted 
into the nose to run from the nostril along the top of the hard and soft 
palate with the tip ending in the hypopharynx. It is useful in bypassing 
obstruction from enlarged adenoids or from contact of the soft palate 
with the posterior pharynx. Because it is inserted past the adenoids, a 
nasopharyngeal airway should be used with caution in patients with 
bleeding tendencies. 

Inhaled Gases
Helium-oxygen mixture (heliox) is useful in overcoming airway 
obstruction and improving ventilation. Helium is much less dense 
and slightly more viscous than nitrogen. When substituted for nitro-
gen in the inspired gas, helium helps maintain laminar flow across an 
obstructed airway, decreases airway resistance, and improves ventila-
tion. It is especially helpful in diseases of large airways obstruction in 
which turbulent airflow is more common, such as acute laryngotra-
cheobronchitis, subglottic stenosis, and vascular ring. To be effective, 
helium should be administered in concentrations of at least 60%, so 
associated hypoxemia may limit its use in patients requiring >40% 
oxygen.

Table 86.9    � Approximate Oxygen Delivery According to 
Device and Flow Rates in Infants and Older 
Children*

DEVICE FLOW (L/min) Fio2 DELIVERED

Nasal cannula 0.1-6 0.21-0.4

Simple face mask 5-10 0.4-0.6

Partial rebreather 6-15 0.55-0.7

Non-rebreather 6-15 0.7-0.95

Venturi mask 5-10 0.25-0.5

Hood/tent 7-12 0.21-1.0

High-flow systems 1-60 0.21-1.0

*Individual delivery varies and depends on the patient’s size, respiratory rate, and gas 
volume moved with every breath.
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A child with bronchospasm requires intubation, and an induction agent with bronchodilating
properties is desired. Which table-listed drug fits?

A. Ketamine

B. Propofol

C. Lorazepam

D. Midazolam

E. Thiopental

Original table 86.11  |  Nelson printed p. 620  |  PDF p. 667

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 4
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the attempt, and a rising or normal Spo2 reading are suggestive of suc-
cessful tube placement. Preoxygenation may significantly delay any 
drop in Spo2 with improper tube placement, leading to a delay in its 
recognition. A properly placed ETT should be well secured to avoid 
displacement or dislodgement. As soon as feasible, a chest radiograph 
should also be obtained to confirm proper position of the ETT, which 
should lie with the tip about halfway between the thoracic inlet and the 
carina (see Chapter 79). 

Transient Manual Ventilation in Immediate  
Preintubation and Postintubation Periods
Establishment of supportive ventilation via bag-mask or bag-ETT is 
required before transport of the patient to a setting of continued critical 
care. The technique of manual ventilation should take into account the 
underlying pathology. Mechanical ventilation of patients with diseases 
characterized by low FRC (e.g., pneumonia, pulmonary edema, ARDS) 
should include the application of PEEP to prevent alveolar derecruit-
ment. Lung volume recruitment can be accomplished with a PEEP 
valve on a self-inflating ventilation bag or by careful manipulation of 
exhaust gas using an anesthesia bag. Such diseases are also character-
ized by a short time constant for lung deflation and therefore are best 
managed with relatively small tidal volumes and high ventilation rates.

In contrast, diseases characterized by airway obstruction, such as 
critical asthma, have prolonged deflation time constants and are there-
fore best managed with relatively slow rates and high tidal volumes.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

86.1 � Mechanical Ventilation
Martin C.J. Kneyber, Ashok P. Sarnaik, and  
Alexandre T. Rotta

The decision to institute mechanical ventilation is based mainly on 
the need to assist native pulmonary function in patients with acute 
respiratory failure; supporting performance of the left ventricle (LV), 
decreasing metabolic demand, and modulating of cerebral blood flow 

in intracranial hypertension are additional indications. Respiratory 
distress leading to fatigue and impending exhaustion are also indi-
cations for respiratory support, even in the presence of adequate gas 
exchange. Although there are no absolute criteria for derangement of 
gas exchange, Pao2 <60 mm Hg while breathing >60% oxygen, Paco2 
>60 mm Hg, and pH <7.25 are often used in the decision-making to 
institute respiratory support. Positive pressure ventilation is a power-
ful means of decreasing LV afterload, and it is used for this purpose 
in patients with cardiogenic shock resulting from LV dysfunction. 
Mechanical ventilation is also used in patients whose breathing is 
unreliable (e.g., unconscious patients, those with neuromuscular dys-
function) and when deliberate hyperventilation is desired, such as in 
patients with intracranial hypertension.

Mechanical ventilation is not intended to normalize gas exchange. 
The goals are to maintain sufficient oxygenation and ventilation to 
ensure tissue viability until the disease process that has compromised 
the patient’s lung function has resolved, while minimizing exces-
sive work of breathing and complications. When precisely employed, 
mechanical ventilation is a lifesaving intervention, yet care must be 
taken to avoid ventilator-induced lung injury (VILI). Several factors 
have been identified as contributors to VILI. These include lung strain 
from the delivery of excessive tidal volume (volutrauma), injury from 
the repetitive opening and closing of alveoli (atelectrauma), injury 
from excessive pressure delivery (barotrauma), local and systemic 
cytokine release (biotrauma), and damage caused by oxygen toxicity 
(Figs. 86.2 and 86.3).

BASIC CONCEPTS OF VENTILATOR MANAGEMENT
Equation of Motion
A pressure gradient is required for air to move from one place to 
another. During natural spontaneous ventilation, inspiration results 
from generation of negative intrapleural pressure from contraction of 
the diaphragm and intercostal muscles, drawing air from the atmo-
sphere across the airways into the alveoli. During mechanical ventila-
tion, inspiration results from positive pressure created by compressed 
gases through the ventilator, which pushes air across the airways into 
alveoli. In both spontaneous and mechanical ventilation, exhalation 
results from alveolar pressure generated by the elastic recoil of the lung 

Table 86.11    � Medications Commonly Used for Intubation

DRUG DOSE ONSET (min) DURATION (min) COMMENTS

SEDATIVES/ANESTHETICS
Midazolam 0.1 mg/kg IV 3-5 60-120 Amnesia

Respiratory depression
Lorazepam 0.1 mg/kg IV 3-5 120-240 Amnesia

Respiratory depression
Ketamine 1-2 mg/kg IV

4-6 mg/kg IM
2-3 10-15 ↑ HR, BP, and ICP

Bronchodilation, sialorrhea
Propofol 1-3 mg/kg IV 0.5-2 10-15 ↓ BP

Apnea
Thiopental 4-7 mg/kg IV 0.5-1 5-10 ↓ BP

Apnea

ANALGESICS
Fentanyl 2-5 μg/kg IV 3-5 30-90 Respiratory depression

Chest wall rigidity
Morphine 0.1 mg/kg IV 5-15 120-240 ↓ BP

Respiratory depression

NEUROMUSCULAR BLOCKING AGENTS
Vecuronium 0.1 mg/kg IV 1.5-2 30-75 ↑ HR

Renal elimination
Rocuronium 0.6-1.2 mg/kg IV

1 mg/kg IM
1-1.5 15-60 ↑ HR

Renal elimination
Cisatracurium 0.1 mg/kg IV 3-5 25-30 Histamine release

Nonrenal elimination

BP, Blood pressure; HR, heart rate; ICP, intracranial pressure; IM, intramuscularly; IV, intravenously.
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A ventilated child develops a sudden reduction in lung compliance. Under which ventilation
mode in the comparison table would the delivered tidal volume change when the set inflation
pressure remains fixed?

A. Pressure-controlled ventilation

B. Volume-controlled ventilation

C. Neither mode

D. A humidified face mask

E. Room-air spontaneous breathing

Original table 86.12  |  Nelson printed p. 625  |  PDF p. 672
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a constant, preset Vt, whereas PCV makes use of a decelerative flow 
pattern, with a variable delivered Vt. A potential benefit of PCV is that 
the inspiratory pressures are limited, making it a more attractive mode 
in disease conditions where there is airway obstruction, preventing the 
normally compliant alveolus from being exposed to large Vt. Generally 
speaking, PCV is more efficient than VCV in terms of amount of Vt 
delivered for a given inflation pressure during ventilation of a lung that 
has nonuniform TC, as in asthma. In VCV, relatively less-obstructed 
airways are likely to receive more of the machine-delivered volume 
throughout inspiration than relatively more obstructed airways with 
longer TC (Fig. 86.11A). This situation would result in uneven ventila-
tion, higher peak inspiratory pressure (PIP), and a decrease in CDYN. In 
PCV, because of a constant inflation pressure that is held throughout 
inspiration, relatively less obstructed lung units with shorter TC would 
achieve pressure equilibration earlier during inspiration than the rela-
tively more obstructed areas. Thus units with shorter TCs would attain 
their final volume earlier in inspiration, and those with longer TCs 
would continue to receive additional volume later in inspiration (see 
Fig. 86.11B). This situation would result in more uniform distribution 

of inspired gas, delivery of more Vt for the same inflation pressure, and 
improved CDYN compared with VCV.

Pressure-regulated volume control (PRVC) combines the char-
acteristics of VCV and PCV. In this mode, Vt and Ti are controlled 
as primary variables, but the ventilator determines the lowest amount 
of pressure needed to deliver the desired Vt. Inflation pressure is thus 
continuously adjusted to deliver the prescribed Vt over the Ti, depend-
ing on the patient’s respiratory C and R. 

Support Modes
Pressure-support ventilation (PSV) and volume-support ventilation 
(VSV) are designed to support the patient’s spontaneous respirations. 
With PSV, initiation of inspiration is triggered by the patient’s sponta-
neous breath, which is then “supported” by a rapid rise in ventilator 
pressure to a preselected level. The inspiration is continued until the 
inspiratory flow rate falls to a set level (generally 25% of peak flow rate) 
as the patient’s lungs inflate. Each inspiration is initiated and termi-
nated by the patient, thus Ti is controlled by the patient’s own efforts. 
PSV has no backup rate, so a ventilator breath will not be delivered 
to the apneic patient. PSV can be combined with SIMV so that any 
breath above the SIMV rate is supported by PSV. Allowing the patient 
to control as much of the rate, Vt, and inspiratory time as possible is 
considered to be a more comfortable form of mechanical ventilation 
than those in which the Vt (or inflation pressure) and Ti are preset. 
PSV as the sole source of mechanical ventilator support is often inad-
equate for patients with severe lung disease and those with a depressed 
respiratory drive, but may be especially useful in patients being weaned 
and in those who require mechanical ventilation for relatively minor 
lung disease or for neuromuscular weakness.

VSV is similar to PSV, in that all the spontaneous breaths are supported. 
In VSV, inspiratory pressure to support spontaneous breaths is adjusted to 
guarantee a preset Vt goal. If there is a change in respiratory mechanics or 
patient effort, the inspiratory pressure to support the breath initiated by 
patient effort is automatically adjusted to achieve the set Vt. 

Inspiratory Phase Characteristics
Inspiratory flow waveform, Ti, and pressure rise time can be adjusted 
in the inspiratory phase to suit the patient’s respiratory mechanics.
In PCV the duration of Ti is directly set in seconds. In VCV the Ti can be 

adjusted by adjusting the inspiratory flow (volume/time) and/or setting an 
inspiratory pause before exhalation starts. Irrespective of ventilator mode, 
the choice of Ti value depends on the respiratory rate, which determines 
the total duration of each breath, and on the estimation of inspiratory and 
expiratory TCs. Decreasing the flow rate delivery increases Ti, and vice 
versa. With an increase in Ti, the pulmonary capillary blood is exposed to 
a higher level of Pao2 for a longer time. This feature is beneficial in diseases 
with decreased EELV, such as PARDS and pulmonary edema. An increase 
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Fig. 86.10  Synchronized intermittent mandatory ventilation. At set 
intervals, the ventilator’s timing circuit becomes activated and a timing 
“window” appears (dashed line area). If the patient initiates a breath 
in the timing window, the ventilator delivers a mandatory breath (A). 
If no spontaneous effort occurs, the ventilator delivers a mandatory 
breath at a fixed time after the timing window (B). (From Banner MJ, 
Gallagher TJ. Respiratory failure in the adult: Ventilatory support. In: 
Kirby RR, Smith RA, Desautels DA, eds. Mechanical Ventilation. New 
York: Churchill Livingstone;1985.)

Table 86.12    � Characteristics of Pressure-Controlled and Volume-Controlled Methods of Ventilation

PRESSURE-CONTROLLED VENTILATION VOLUME-CONTROLLED VENTILATION

Control setting(s) Inflation pressure
Inspiratory time
Rise time

Tidal volume
Flow rate
Inspiratory flow pattern (constant vs decelerating)

Machine-delivered volume Depends on respiratory system compliance and 
resistance

Constant

Inflation pressure Constant Depends on respiratory system compliance and resistance

Endotracheal tube leak Somewhat compensated Leaked volume part of tidal volume

Distribution of ventilation More uniform in lungs with varying time 
constant units

Less uniform in lungs with varying time constant units

Patient comfort Possibly compromised Possibly enhanced

Weaning Inflation pressure adjustment required to deliver 
desired tidal volume

Tidal volume remains constant; inflation pressure automatically 
weaned
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A child with ARDS has low respiratory-system compliance with relatively normal airway
resistance. Which category of ventilation strategy does the table group with this physiology?

A. Pressure-controlled ventilation strategies

B. No assisted ventilation under any circumstances

C. Only simple nasal cannula regardless of severity

D. A fixed spontaneous-only setting for every patient

E. Cardiac pacing

Original table 86.13  |  Nelson printed p. 628  |  PDF p. 675
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inadequate to meet patient demand, a state of flow starvation occurs, 
resulting in excessive work of breathing and discomfort. Such patients may 
require a decelerating inspiratory flow pattern, in which a higher flow is 
provided in the beginning of inspiration and less toward the end as the 
lungs fill up. On the other hand, such a pattern may be uncomfortable for a 
patient who desires more gradual alveolar filling. The selection of inspira-
tory flow pattern should be based on the individual patient’s respiratory 
mechanics. In PCV and PSV, the inspiratory rise time determines the 
manner in which the airway pressure is raised and Vt delivered. Consider-
ations for choosing the appropriate rise time in PCV and PSV are similar 
to those for choosing the inspiratory flow pattern in VCV. 

Use of Support Modes
A conscious patient should be allowed to have spontaneous breaths 
that are supported by either PSV or VSV. This approach minimizes 
the mandatory breaths generated by the ventilator that are beyond the 
patient’s control to modulate. Therefore continued assessments should 
be made to determine whether the patient is able to maintain ventila-
tory requirements more in support modes and less in control modes. 

Use of Sedation and Neuromuscular Blockade
Having a conscious yet comfortable patient is a desirable goal during 
mechanical ventilation. Spontaneous breaths with good muscle tone and 
presence of cough are important for adequate clearance of tracheobron-
chial secretions. The patient’s ability to indicate distress is also important in 
identifying and preventing potential injurious factors. In certain situations, 
management of patient-ventilator asynchrony assumes much greater 
importance when the asynchrony is causing unacceptable derangement 
of gas exchange and VILI. Both alveolar interstitial lung pathology and 
obstructive airway diseases may necessitate unnatural and uncomfortable 
settings for respiratory rate, Ti, and inflation pressures. In such patients, 
deep sedation is often necessary; dexmedetomidine, benzodiazepines, and 
opiates are the agents most commonly used for this purpose. In extreme 
situations, pharmacologic neuromuscular blockade is required to abolish 
any patient effort and respiratory muscle tone. When such pharmacologic 
paralysis is used, deep sedation must be ensured so that the patient does 
not sense pain and discomfort. Pharmacologic sedation and paralysis 
can ensure total control of the patient’s ventilation by mechanical means 
and may result in lifesaving improvement in gas exchange with reduc-
tion in inflation pressures. However, long-term use of such agents may 
be associated with undesirable consequences and higher morbidity. The 
risk of inadequate clearance of tracheobronchial secretions and atelectasis 
is potentially greater. Long-term use of pharmacologic sedation may be 
associated with chemical dependency and withdrawal manifestations, and 
prolonged neuromuscular blockade is associated with neuromyopathy in 
critically ill patients. The benefits of sedation and pharmacologic paralysis 
therefore should be carefully balanced with the risks, and periodic assess-
ments should be made to determine the need for their continuation. 

Cardiopulmonary Interactions
Mechanical ventilation can have salutary and adverse effects on car-
diac performance. By decreasing oxygen consumption necessary for 
work of breathing, oxygen supply to vital organs is improved. Positive 
pressure breathing decreases LV afterload, thus enhancing stroke vol-
ume and cardiac output in patients with a failing myocardium (e.g., 
myocarditis). On the other hand, the decreased systemic venous return 
may further compromise stroke volume in hypovolemic (preload-
dependent) patients. Such patients will require intravascular fluid load-
ing when subjected to positive pressure ventilation. Also, an increase in 
pulmonary vascular resistance (PVR) caused by positive intrathoracic 
pressure may result in further decompensation of a poorly performing 
right ventricle. PVR is at its lowest value at an optimum FRC. When 
FRC is too low or too high, PVR (and therefore the right ventricular 
afterload) is increased. Both desirable and undesirable effects of cardio-
pulmonary interactions may coexist and require ongoing assessment 
and necessary interventions (Table 86.13). 

MONITORING RESPIRATORY MECHANICS
Exhaled Tidal Volume
Exhaled tidal volume (Vte) is measured by a pneumotachometer in the 
ventilator circuit during exhalation; in small children, it is preferably 

measured near the connection of the ETT. Measurement of Vte more 
accurately describes the Vt that is contributing to the patient’s alveolar 
ventilation. In PCV the Vte depends on the patient’s respiratory system 
compliance and resistance and therefore offers valuable diagnostic clues. A 
decrease in Vte during PCV is indicative of either decrease in compliance 
or increase in resistance and is helpful in directing the clinician to appro-
priate investigation and management. An increase in Vte is indicative of 
improvement and may require weaning of inflation pressures to adjust the 
Vte. 

Peak Inspiratory Pressure
In VCV and PRVC, the PIP is the secondary variable determined by the 
patient’s respiratory system compliance and resistance. An increase in PIP 
in these modes is indicative of decreased C (e.g., atelectasis, pulmonary 
edema, pneumothorax) or increased R (e.g., bronchospasm, obstructed 
ETT). During VCV and PRVC, decreasing the respiratory rate or prolong-
ing the Ti will result in a lower PIP in patients with prolonged TCs because 
more time will be available for alveoli to fill. In such patients, a decrease 
in PIP (or plateau pressure when an inspiratory pause is set during VCV) 
suggests increased C or decreased R of the respiratory system. 

Respiratory System Dynamic Compliance and Static 
Compliance
The changes in PIP (or plateau pressure) during VCV and PRVC, and 
in Vte during PCV, are determined by CDYN of the respiratory system 
(lung and chest wall). CDYN is calculated as follows

CDYN = VTE ÷ (PIP ‐ PEEP)
CDYN takes into account both the flow-resistive and the elastic prop-

erties of the respiratory system. Changes in CDYN can be used to assess 
effects of different levels of PEEP as tidal ventilation is shifted along the 
slope of the volume-pressure curve (see Fig. 86.7). An increase in PEEP in 
alveolar-interstitial diseases (increased elastance), resulting in an increase 
in CDYN, suggests alveolar recruitment, whereas a decrease in CDYN may 
indicate overdistention. Similarly, in obstructive diseases (increased R), 
adjustment in PEEP levels to ameliorate airway collapse during exhala-
tion can be guided by monitoring CDYN. To assess only the elastic recoil 
of the lung, measurement of CSTAT when there is no airflow is required. 
This measurement is performed by using an inspiratory hold maneuver 
with the patient under neuromuscular blockade and observing pressure-
time and flow-time waveforms (Fig. 86.12). During this maneuver, inspi-
ratory flow ceases while the expiratory valve continues to remain closed, 
thus allowing pressure to equilibrate throughout the ventilator circuit and 
the patient’s lungs. This pressure, referred to as the plateau pressure (Pplat), 
reflects alveolar pressure. CSTAT is calculated as follows:

Cstat = Vte ÷ (Pplat − PEEP)

The difference between CDYN and CSTAT is attributable to airway 
resistance. This difference is minimal in alveolar-interstitial diseases 
but substantial in airway obstruction. 

Assessment of Auto-PEEP
Auto-PEEP is assessed with the use of an expiratory pause maneu-
ver in which inspiration is delayed and alveolar pressure is allowed to 

Table 86.13    � Suggested Mechanical Ventilation Strategies 
in Various Clinical Situations

SITUATION DISEASE STRATEGY

Low compliance, normal 
resistance

ARDS PCV, APRV, HFOV

Normal compliance, high 
resistance

Asthma PCV, PRVC

Normal compliance, 
normal resistance, for 
weaning

Head trauma,  
drug overdose, 
subglottic stenosis

VCV

APRV, Airway pressure release ventilation; ARDS, acute respiratory distress syndrome; 
HFOV, high-frequency oscillatory ventilation; PCV, pressure-controlled ventilation; 
PRVC, pressure-regulated volume control; VCV, volume-controlled ventilation.
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A 12-year-old develops headache, nausea, and marked fatigue soon after rapid ascent to high
altitude. Which assessment instrument listed in the table combines these symptom domains?

A. Lake Louise Acute Mountain Sickness Score

B. Glasgow Coma Scale

C. NEXUS

D. CRIES

E. Phoenix Sepsis Score
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blood cells, which begin to appear in the circulation in 4 or 5 days. 
Hypoxemia also increases 2,3-DPG, resulting in a rightward shift 
of the oxyhemoglobin dissociation curve and favoring release of 
oxygen from the blood to the tissues. This is counteracted by the 
leftward shift of the oxyhemoglobin dissociation curve caused by 
the respiratory alkalosis from hyperventilation. The result is a net 
null change in the oxyhemoglobin curve and an increase in oxygen-
hemoglobin binding in the lung, raising Sao2. Climbers at extreme 
altitude respond with marked hyperventilation, alkalosis, and left-
ward shift. This leftward shift favors oxygen loading in a hypoxic 
environment and increases Sao2. 

ACUTE MOUNTAIN SICKNESS
Epidemiology and Risk Factors
The incidence of high-altitude illness depends on several variables, 
including the rate of ascent, previous altitude exposure, and individ-
ual genetic susceptibility. Sleeping altitude, final altitude reached, and 
duration of stay at altitude are also risk factors for AMS development. 
Individual susceptibility for the development of AMS plays a signifi-
cant role in risk assessment. Most individuals with previous histories of 
AMS after acute ascent are likely to experience similar symptoms with 
repeated visits to altitude. Gender and age do not affect the incidence 
of AMS.

AMS is very common with rapid ascent. Climbers around the 
world who ascend quickly (1 or 2 days) from sea level to altitudes of 
4,000-6,000 m (∼13,000-20,000 ft) have a very high incidence of AMS 
(27–83%). The rapid ascent profile associated with air travel to high 
altitude locations also results in high AMS rates. Trekkers who fly into 
the Khumbu region to explore the Mt. Everest area have a higher inci-
dence of AMS (47%) compared with those who walk (23%). Skiers who 
visit resorts in the western United States from sea level generally fly 
or drive to the region but sleep at relatively moderate altitudes: 2,000-
3,000 m (∼6,500-9,800 ft). Among this population, AMS occurs in 
approximately 25%. 

Pathophysiology
The symptoms of AMS develop several hours after arrival at high 
altitude, whereas the development of HAPE and HACE gener-
ally require several days of altitude exposure. Because hypoxemia 
occurs within minutes of arrival, it cannot be the direct cause 
of high-altitude illness, but rather the initiating factor for a cas-
cade of events that lead to the development of the altitude clinical 
syndromes.
The clinical manifestations of AMS/HACE are primarily the 

result of central nervous system (CNS) dysfunction caused by 
hemodynamic mechanical factors and biochemical mediators of 
permeability. The CNS vasodilatory response to hypoxemia causes 
an increase in cerebral blood flow and volume. Significant elevation 
of brain volume is observed in moderate to severe AMS and HACE 
but has not been demonstrated in mild AMS. Hypoxic alteration 
of CNS vascular autoregulation and hypertension from exercise 
may increase pressure transmission to the brain’s capillary beds, 
resulting in transcapillary leakage and vasogenic edema. Inflamma-
tory mediators also contribute to vascular permeability and edema 
formation. HIF-mediated vascular endothelial growth factor, the 
inducible form of nitric oxide synthase, reactive cytokines, and 
free radical formation can increase permeability. Both mechanical 
and biochemical activation of the trigeminovascular system have 
been proposed as the cause of high-altitude headache, the primary 
symptom of AMS. Although vasogenic edema has been implicated 
in severe AMS and HACE, MRI reveals signal changes in subjects 
with and without clinical AMS.

Many of these responses to hypoxia and altitude exposure occur 
both in individuals who develop symptoms and those who remain free 
of AMS. To address the discrepancy in symptomatic illness, the “tight 
fit” hypothesis was proposed. This theory suggests that the develop-
ment of AMS/HACE is due to a lack of intracranial space to accommo-
date increasing volume from brain swelling and edema that develop at 

altitude. The adequacy of the intracranial and intraspinal space to buf-
fer changes in brain and cerebrospinal fluid (CSF) volume is the central 
concept. Buffering occurs as the intracranial CSF is displaced via the 
foramen magnum into the space available in the spinal canal, followed 
by increased CSF absorption and decreased CSF production. Individuals 
with less CSF buffering capacity have less compliance and are hypoth-
esized to become more symptomatic (develop AMS). 

Diagnosis
The diagnosis of AMS in older children and adults requires the history 
of a recent gain in altitude, presence at the new altitude for at least 
several hours, and the report of a headache plus one or more of the 
following symptoms: gastrointestinal (GI) upset (anorexia, nausea, or 
vomiting), general weakness or fatigue, dizziness, or lightheadedness. 
The 2018 Lake Louise Acute Mountain Sickness Score is based on 
self-report of symptoms and aids clinicians in making the diagnosis 
and quantifying AMS severity in older children and adolescents (Table 
87.1). Symptoms develop within a few hours after ascent and generally 
reach maximum severity between 24 and 48 hours, followed by gradual 
resolution. Sleep disturbance caused by periodic breathing is common 
in all visitors to high altitudes and is not part of the adult diagnos-
tic criteria; sleep disturbance is likely the result of hypoxia rather than 
AMS. There are no diagnostic physical signs in cases of mild AMS. Any 
evidence of CNS dysfunction, such as mild ataxia or altered mentation, 
is early evidence of HACE. Similarly, whereas shortness of breath on 
exertion is common at high altitudes, dyspnea at rest is an early indica-
tor of HAPE.

Table 87.1    � 2018 Lake Louise Acute Mountain Sickness 
Score

HEADACHE
0 – None at all
1 – Mild headache
2 – Moderate headache
3 – Severe headache, incapacitating

GASTROINTESTINAL SYMPTOMS
0 – Good appetite
1 – Poor appetite or nausea
2 – Moderate nausea or vomiting
3 – Severe nausea and vomiting, incapacitating

FATIGUE AND/OR WEAKNESS
0 – Not tired or weak
1 – Mild fatigue/weakness
2 – Moderate fatigue/weakness
3 – Severe fatigue/weakness, incapacitating

DIZZINESS/LIGHTHEADEDNESS
0 – No dizziness/lightheadedness
1 – Mild dizziness/lightheadedness
2 – Moderate dizziness/lightheadedness
3 – Severe dizziness/lightheadedness, incapacitating

AMS CLINICAL FUNCTIONAL SCORE
Overall, if you had AMS symptoms, how did they affect your  

activities?
0 – Not at all
1 – Symptoms present, but did not force any change in activity or 

itinerary
2 – My symptoms forced me to stop the ascent or to go down on my 

own power
3 – Had to be evacuated to a lower altitude
To obtain the AMS score, add number from each category earlier. 

Although no official severity rankings exist, many consider mild 
AMS to be 3-5 points, moderate AMS 6-9 points, and severe AMS 
10-12 points.

From Roach RC, Hackett PH, Oelz O, et al. The 2018 Lake Louise Acute Mountain 
Sickness Score. High Alt Med Biol. 2018;19(1):4–6, Table 1.
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A child develops acute mountain sickness after ascent. Which listed drug acts as a carbonic
anhydrase inhibitor?

A. Acetazolamide

B. Midodrine

C. Propranolol

D. Amoxicillin

E. Olanzapine
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Treatment of headache and nausea can be beneficial for mild AMS, and 
in many cases this may be all that is necessary. Evidence supports the use 
of ibuprofen and acetaminophen for the treatment of high-altitude head-
ache in children; aspirin and combination products containing aspirin 
should be avoided in children because of possible association with Reye 
syndrome. For nausea and vomiting, ondansetron may be used.

Acetazolamide is a carbonic anhydrase inhibitor that induces a renal 
bicarbonate diuresis, causing a metabolic acidosis that increases ventila-
tion and arterial oxygenation. This respiratory stimulation improves sleep 
when the hypoxemia caused by periodic breathing is eradicated by acet-
azolamide. Acetazolamide accelerates acclimatization and, if given early in 
the development of AMS, rapidly resolves symptoms. Anecdotal experi-
ence supports the use of acetazolamide in children, particularly when con-
servative measures have been insufficient (Table 87.2). Treatment for 48 
hours is usually adequate for resolution of symptoms. Acetazolamide may 
be prepared as a solution by a compounding pharmacy.

Adverse reactions to acetazolamide in adults include paresthesias, poly-
uria, and taste alterations for carbonated beverages. Less common reac-
tions include nausea, drowsiness, tinnitus, transient myopia, and rarely, 
rash. Acetazolamide is a nonantibiotic sulfa compound that carries a low 
risk of cross-reactivity for individuals with an allergy to sulfa antibiotics. 
A history of anaphylaxis or severe skin reactions to any sulfa-containing 
medication contraindicates the use of acetazolamide. Acetazolamide 
should be avoided in breastfeeding mothers and pregnant women.

Dexamethasone is an effective alternative treatment for AMS in 
adults. Although dexamethasone can resolve the symptoms of AMS, 
it does not play a role in acclimatization, and symptoms may recur 
when the treatment is withdrawn. Adverse reactions to dexamethasone 
of concern in the pediatric population are pancreatitis, pseudotumor 
cerebri, and interference with normal growth. Although these reac-
tions are generally seen with prolonged use, dexamethasone should be 
used for treatment in children only in extreme situations where alter-
natives such as descent or oxygen therapy are unavailable. 

Prevention
Individuals who have a known susceptibility to the development of AMS 
and those for whom slow ascent is impractical may consider prophylactic 
medication. Acetazolamide remains the compound of choice for AMS pro-
phylaxis. Numerous studies have demonstrated its effectiveness in adults 
starting 24 hours before ascent and continuing for the first 2 days at high 

altitude. Controlled studies for prophylaxis with acetazolamide in children 
are unavailable; however, anecdotal evidence supports its use (see Table 
87.2). Ibuprofen, when compared with acetazolamide, has been found to 
be equally efficacious in preventing headache in adults. Dexamethasone 
also prevents AMS; however, the potential adverse effects in children 
preclude its use for prophylaxis in this age group. Recommendations for 
hyperhydration are frequently given in the lay literature, yet no evidence 
supports this advice. Drinking excessive amounts of free water may lead to 
hyponatremia and possibly complicate altitude illness. 

HIGH-ALTITUDE CEREBRAL EDEMA
Epidemiology and Risk Factors
HACE is rare and may occur in children. Prompt recognition and treat-
ment are necessary, because if unrecognized, it is rapidly fatal. HACE is 
generally seen in adults with prolonged stays above 4,000 m (∼13,000 ft), 
but in rare cases has been reported as low as 2,100 m (∼6,900 ft). HACE 
is usually associated with concurrent AMS or HAPE, but can occur on its 
own. 

Pathophysiology
HACE is regarded as the extreme expression of the same pathophysiol-
ogy underlying AMS. The edema and increased intracranial pressure are 
believed to be primarily caused by a vasogenic process where fluid moves 
from the vascular to the interstitial space due to a combination of increased 
hydrostatic pressure and increased vascular permeability. In the later stages 
of HACE, a cytotoxic component may contribute to the edema. These pro-
posed mechanisms are supported by MRI studies revealing white matter 
changes consistent with vasogenic and cytotoxic edema. 

Diagnosis
HACE is differentiated from severe AMS by the presence of neurologic 
signs. Most common are ataxia and altered mental status, including con-
fusion, progressive decrease in responsiveness, and eventually coma. Less 
common are focal cranial nerve palsies, motor and sensory deficits, and 
seizures. CT imaging is consistent with edema and increased intracranial 
pressure. MRI shows a high T2 signal in the white matter, specifically in 
the splenium of the corpus callosum, with diffusion-weighted technique. 

Management
Descent remains the most effective treatment for HACE. Supplemen-
tal oxygen, if available, is useful, especially if descent is not possible or 

Table 87.2     Medications for Treatment of Altitude-Associated Illness in Children*

MEDICATION CLASSIFICATION INDICATION DOSE AND ROUTE ADVERSE EFFECTS

Acetazolamide Carbonic anhydrase 
inhibitor

AMS treatment 2.5 mg/kg PO every 12 hours;  
maximum 250 mg/dose

Collateral effects include 
paresthesias, altered taste 
and visual acuity, electrolyte 
disturbance

AMS or re-entry 
HAPE prevention1

1.25 mg/kg PO every 12 hours; 
maximum dose 125 mg/dose

Collateral effects reduced at 
lower doses

Dexamethasone Steroid AMS or HACE  
treatment2,3

0.15 mg/kg PO/IM/IV every 6 hours; 
maximum 4 mg/dose

Hypertension, GI hemorrhage, 
pancreatitis, growth inhibition

Nifedipine Calcium-channel blocker HAPE treatment or 
prevention4

If > 50 kg use adult dosing of  
30 mg extended-release PO  
every 12 hours

Flushing, gastrointestinal  
distress, hypotension

Amlodipine Calcium-channel blocker HAPE treatment or 
prevention4,5

1-5 years: 0.1-0.6 mg/kg/dose PO 
daily; maximum 5 mg/day

6-17 years: 2.5-5.0 mg PO daily 
(tablet or liquid suspension)

Flushing, abdominal pain,  
dizziness, hypotension

*No studies in children for high-altitude indications.
1AMS prophylaxis is not routinely recommended in children but indicated when rapid ascent profile is unavoidable or previous altitude illness occurred in a child about to undergo 

similar ascent profile. AMS and re-entry HAPE prophylaxis should be started 24 hours before ascent and continued for 2 days at altitude.
2Oxygen and descent are the treatment of choice for severe AMS. If acetazolamide is not tolerated, dexamethasone may be used. Oxygen, descent and dexamethasone should be 

used in HACE.
3Prophylactic use of dexamethasone for AMS is not warranted because of potential adverse effects. Use slow graded ascent or acetazolamide.
4In emergency settings where oxygen and descent are not an option, amlodipine or nifedipine may be used for treatment. Extended-release (ER) nifedipine formulations cannot be 

broken to obtain smaller doses. If ≥ 50 kg, 30 mg extended-release nifedipine is preferred.
5Amlodipine offers advantages over nifedipine for small children because of once daily dosing and availability as liquid or appropriately sized tablet.
Adapted from Luks AM, Beidleman BA, Freer L et al. Wilderness Medical Society Clinical Practice Guidelines for the Prevention, Diagnosis and Treatment of Acute Altitude Illness: 2024 
Update. Wilderness Environ Med. 2023;Oct 11:S1080-6032(23)00167-9.
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A child with a congenital left-to-right shunt plans a rapid trip to high altitude. Why does the
table flag this condition for high-altitude pulmonary edema risk?

A. It can increase pulmonary blood flow or arterial pressure

B. It always prevents pulmonary vasoconstriction

C. It causes absence of all pulmonary circulation

D. It is a form of altitude acclimatization

E. It eliminates oxygen requirements

Original table 87.3  |  Nelson printed p. 634  |  PDF p. 680
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delayed. Portable hyperbaric treatment is beneficial, but its use should 
not delay descent. Dexamethasone should be administered at a dose 
of 0.15 mg/kg per dose given orally every 6 hours to a maximum of 4 
mg per dose (see Table 87.2). The few mild cases of HACE reported in 
children have recovered with dexamethasone and descent. 

HIGH-ALTITUDE PULMONARY EDEMA
Epidemiology and Risk Factors
HAPE is a noncardiogenic pulmonary edema caused by intense pul-
monary vasoconstriction and subsequent high capillary pressure, 
secondary to hypoxia, resulting in altered permeability of the alve-
olocapillary membrane and the extravasation of intravascular fluid 
into the extravascular space of the lung. The development of HAPE 
depends on factors affecting pulmonary vasoreactivity, rate of ascent, 
altitude achieved, and time spent at that altitude. HAPE generally 
occurs in the setting of recent ascent, most often at altitudes above 
3,000 m (∼9,800 ft), but in some cases at altitudes as low as 1,740 m 
(∼5,700 ft). Among children HAPE occurs in 2 distinct settings. Most 
commonly, HAPE occurs in a child who resides at low altitude who 
travels to high altitude. Reentry HAPE affects children who reside 
at high altitude but become ill on their return home after descent to 
lower altitudes (see Special Considerations). HAPE may also occur 
with or without ascent in children who develop acute respiratory 
illnesses that exacerbate hypoxia at high altitude. Fatal outcomes of 
HAPE in children have been reported. Most mild and moderate cases 
resolve without difficulty; however, if unrecognized and untreated, 
rapid progression to death can occur, especially when infection or 
cardiac conditions complicate the illness.

HAPE affects male and female children more equally than adults, 
among whom the observed male predominance appears due to strenu-
ous sport activities and military assignments. The occurrence, and even 
the pathophysiology, of HAPE may vary by population and genetic 
background. Several conditions may predispose a child to HAPE (Table 
87.3). Preexisting viral respiratory infections have been linked to HAPE, 
especially in children. Cardiorespiratory conditions associated with 
pulmonary hypertension, such as atrial and ventricular septal defects, 
pulmonary vein stenosis, congenital absence of a pulmonary artery, and 
obstructive sleep apnea, also predispose to HAPE. Down syndrome is a 
risk factor for HAPE development, as are previously repaired congenital 
heart defects and the presence of hypoplastic lungs. Undiagnosed struc-
tural cardiopulmonary abnormalities may result in severe hypoxia and/
or altitude illness once ascent occurs; for this reason, a new diagnosis of 
HAPE in a child warrants active investigation of underlying causes. 

Physiology
Alveolar hypoxia results in vasoconstriction of the pulmonary arterioles 
just proximal to the alveolar capillary bed. Hypoxic pulmonary vasocon-
striction is a normal physiologic response to optimize ventilation/perfu-
sion (V̇/Q̇) matching by redistributing regional pulmonary blood flow 
to areas of highest ventilation, thereby optimizing arterial oxygenation. 
However, under conditions that result in widespread alveolar hypoxia, 
extensive pulmonary vasoconstriction will lead to significant elevations in 
pulmonary arterial pressure, and uneven pulmonary vasoconstriction can 
result in localized overperfusion, increased capillary pressures, distention, 
and leakage in the remaining vessels. This explains the patchy and hetero-
geneous edema that is classically observed in HAPE. The combination of 
pulmonary hypertension and uneven pulmonary vasoconstriction appears 
to be necessary in the pathogenesis of HAPE. Children and adolescents 
acutely exposed to high-altitude hypoxia demonstrate pulmonary hyper-
tension, with increases in pulmonary artery pressure inversely related to 
age. Once the vascular leak occurs and alveolar fluid accumulates, a defect 
in transepithelial sodium transport impairs the clearance of alveolar fluid 
and contributes to HAPE.

The conditions that predispose to HAPE are often directly referable 
to elements in the cascade of pathophysiology. Viral infections result 
in inflammation that may predispose the pulmonary endothelium to 
mechanical injury and increase susceptibility to alveolar fluid accumu-
lation and HAPE during ascent. Exercise and cold stress at altitude may 
increase hypoxemia and exacerbate pulmonary hypertension. Overper-
fusion of a restricted vascular bed is illustrated by cases of congenital 

unilateral absence of a pulmonary artery in which the entire cardiac out-
put is delivered to one lung, predisposing to pulmonary hypertension and 
overperfusion injury. Although data from mechanistic studies of children 
are lacking, adult HAPE-susceptible subjects have been characterized as 
having significantly elevated pulmonary artery pressure during altitude 
exposure and illness, altered vascular permeability, augmented hypoxic 
pulmonary vasoreactivity during hypoxia and normoxic exercise, blunted 
hypoxic ventilatory responsiveness, smaller lung volumes, and impaired 
alveolar fluid clearance. 

Diagnosis
The diagnosis of HAPE is based on clinical findings and their evolu-
tion in the context of recent ascent from lower elevation. There is no 
single diagnostic test or constellation of laboratory findings. Symptoms 
commonly develop within 24-96 hours, and onset of symptoms often 
occurs during the first or second night at altitude, when hypoxia may 
be exacerbated during sleep. HAPE is rarely observed beyond 5 days 
after ascent to altitude (unless additional ascent occurs) because pul-
monary vascular remodeling and acclimatization have taken place. The 
diagnosis of HAPE is made by observing the combination of symp-
toms, including dyspnea at rest, cough, weakness, or decreased exercise 
performance, and signs including crackles or wheezing in at least one 
lung field, central cyanosis, tachypnea, or tachycardia. Determining the 
onset and timing of the illness relative to ascent and radiographic evi-
dence of alveolar infiltrates may help confirm the diagnosis.

Table 87.3    � Conditions Associated with Increased Risk of 
HAPE

ENVIRONMENTAL
Ascent above 2,500 m (∼8,200 ft)
Rapid rate of ascent (generally >1,000 m [∼3,300 ft] per day)
Cold exposure

CARDIAC
Anomalies causing increased pulmonary blood flow or increased 

pulmonary arterial pressure
	•	 �Ventricular septal defect, atrial septal defect, patent foramen ovale, patent 

ductus arteriosus
	•	 �Anomalous pulmonary venous return or pulmonary vein stenosis
	•	 �Unilateral absent pulmonary artery or isolated pulmonary artery of ductal 

origin
Coarctation of the aorta
Congestive heart failure

PULMONARY
Chronic lung disease
Bronchopulmonary dysplasia
Cystic fibrosis (FEV-1 <30% predicted)
Pulmonary hypoplasia
Supplemental oxygen requirement at sea level
Pulmonary hypertension
Perinatal respiratory distress
Persistent pulmonary hypertension of the newborn
Perinatal asphyxia or depression
Sleep apnea

INFECTIOUS
Upper respiratory tract infection
Bronchitis/bronchiolitis
Pneumonitis
Otitis media

PHARMACOLOGIC
Any medication causing central nervous system and respiratory 

depression
Alcohol
Sympathomimetics

SYSTEMIC
Down syndrome (trisomy 21)
History of premature birth or low birthweight

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 159 / 300

159



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 10 / 30

A toddler lives in a home with a swimming pool and is sometimes watched by several adults
who assume another adult is supervising. Which prevention gap from the table is most
relevant?

A. Lapse in designated supervision

B. Excess vaccination

C. High dietary fiber

D. Insufficient school homework

E. Need for ECG screening

Original table 88.1  |  Nelson printed p. 645  |  PDF p. 691
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Children and adolescents should never swim alone regardless of 
their swimming abilities. Even as they become more independent 
and participate in recreational activities without their parents, they 
should be encouraged to seek areas that are watched by lifeguards. The 
United States Lifesaving Association (USLA) reports that more than 
75% of drownings at USLA sites occurred at times when the beaches 
were unguarded. It is important to emphasize that even if the child is 
considered a strong swimmer, the ability to swim in a pool does not 
translate to being safe in open water, where water temperature, cur-
rents, and underwater obstacles can present additional and unfamiliar 
challenges. For swimmers, supervision by lifeguards reduces drowning 
risk, because lifeguards monitor risk behaviors and are trained in the 
difficult and potentially dangerous task of rescuing drowning victims.
Two of the preventive strategies listed in Table 88.1 deserve special 

mention. The most vigorously evaluated and effective drowning inter-
vention applies to swimming pools. Compared with no fencing, instal-
lation of four-sided isolation fencing surrounding in-ground and 
aboveground pools with a secure, self-locking gate decreases the 
number of pool immersion injuries among young children by more 
than 50%. Guidelines for appropriate fencing, provided by the U.S. 
Consumer Product Safety Commission (CPSC), are very specific; they 
were developed through testing of active toddlers in a gymnastics pro-
gram on their ability to climb barriers of different materials and heights, 
and recent studies show them to be effective in preventing drowning in 
young children. In families who have a pool on their property, caregivers 
often erroneously believe that if a child falls into the water, there will be a 
loud noise or splash to alert them. Unfortunately, these events are usually 
silent, delaying timely rescue. This finding highlights the need for a fence 
that separates the pool from the house, not just surrounds the entire 
property. The CPSC recommends power safety covers be installed on 
pools, as well as door alarms if the pool is not completely separated from 
the house and the yard by a fence. Entrapment and hair entanglement in 
open drains or pipes are other risks commonly associated with drowning 
in the pediatric population; special drain covers, safety vacuum release 
systems, and filter pumps with multiple drains can help prevent this.

The use of U.S. Coast Guard–approved lifejackets or PFDs should 
be advised with all families spending time around open water, not just 
those who consider themselves boaters. A PFD should be chosen with 
respect to the weight of the child and the proposed activity. Young chil-
dren should wear PFDs that will float their head up. Parents should 
be urged to wear PFDs as well, because their use of PFDs is associated 
with greater use by their children. Toys such as water wings and “float-
ies” should not be relied on as drowning prevention measures. The use 
of life jackets decreases boat-related drowning morbidity and mortality 
by 50%; unfortunately, their use remains low.

Effective preventive efforts must also consider cultural practices. 
Different ethnic groups may have certain attitudes, beliefs, dress, or 
other customs that may affect their water safety. The higher drowning 
risk of minority children needs to be addressed by community-based 
prevention programs.

In addition to anticipatory guidance, pediatricians can play an active 
role in drowning prevention by participating in advocacy efforts to 
improve legislation for pool fencing, PFD use, and alcohol consump-
tion in various water activities. Several counties in the United States, 
Australia, and New Zealand have laws requiring isolation fencing for 
pools. Their effectiveness has been limited by a lack of enforcement. 
Similarly, all states have boating-under-the-influence laws but, simi-
larly, rarely enforce them. Furthermore, efforts at the community level 
may be needed to ensure the availability of swimming lessons for 
underserved populations and lifeguarded swim areas.

The Drowning Chain of Survival refers to a series of steps that, when 
followed, attempt to reduce mortality associated with drowning. The steps 
of the chain include prevent drowning, recognize distress, provide flotation, 
remove from water, and provide care as needed. These interventions may 
be used by the drowning victim for self-rescue or via bystanders who rec-
ognize child distress, initiate rescue, and provide resuscitation. The timeline 
shows that rescue and resuscitation must occur within minutes to save lives, 
and care should be taken by rescuers to not become victims themselves.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 88.1    � Approach to Prevention Strategies for Drowning

HOME RECREATION NEIGHBORHOOD

Water hazards 	•	 �Swimming pools
	•	 �Ponds
	•	 �Bathtubs
	•	 �Large buckets
	•	 �Drain entrapment

	•	 �Playing in water (swimming, wading)
	•	 �Playing near water
	•	 �Being on water (boating)

	•	 �Irrigation ditches
	•	 �Watering holes
	•	 �Water drainage

Common risks 	•	 �Lapse in supervision
	•	 �Unexpected toddler exposure
	•	 �Delayed discovery of child
	•	 �Reliance on water wings or pool toys
	•	 �Reliance on sibling or bath seat for 

bathing supervision
	•	 �Epilepsy
	•	 �Autism
	•	 �ADHD
	•	 �LQTS

	•	 �Lapse in supervision
	•	 �Change in weather
	•	 �Unfamiliarity with or change(s) in 

water conditions:
	 •	 �Steep drop-off
	 •	 �Current/tide
	 •	 �Low temperature
	•	 �Alcohol and other drug use
	•	 �Peer pressure

	•	 �Lapse in supervision, 
particularly when caregiver is 
socializing

	•	 �Risky behavior when with peers

Prevention strategies 	•	 �Recognize hazards and risks
	•	 �Provide constant adult supervision 

around water
	•	 �Install 4-sided, isolation locked fencing 

of pools
	•	 �Install rescue equipment and phone at 

poolside
	•	 �Learn swimming and water survival 

skills
	•	 �Avoid unsupervised baths in older 

child/teen with seizure disorder; instead, 
shower

	•	 �Learn first aid and CPR

	•	 �Provide constant adult supervision
	•	 �Swim in lifeguarded areas
	•	 �Know when and how to wear US 

Coast Guard–approved PFDs
	•	 �Avoid alcohol and other drugs
	•	 �Learn swimming and water survival 

skills
	•	 �Teach children about water safety
	•	 �Be aware of current weather and 

water conditions
	•	 �Buddy system
	•	 �Learn first aid and CPR

	•	 �Identify hazardous bodies of 
water

	•	 �Prevent access to water with 
barriers

	•	 �Provide fenced-in “safe area” 
for water recreation

	•	 �Provide lifeguarded swim sites
	•	 �Provide access to low-cost 

swim/water survival lessons

ADHD, attention deficit hyperactivity disorder; CPR, cardiopulmonary resuscitation; LQTS, long QT syndrome; PFDs, personal floatation devices.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 160 / 300

160



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 11 / 30

A family wants to reduce hot-water scald risk for young children. Which prevention measure is
listed?

A. Set the hot-water thermostat no higher than 48.9 C (120 F)

B. Leave hot beverages within reach

C. Disable smoke alarms

D. Place curling irons near the bathtub

E. Encourage children to play with lighters
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Burns are among the top five leading causes of unintentional injury in 
children, after motor vehicle crashes, suffocation, drowning, and poison-
ing. There has been a decline in the incidence of burn injury requiring 
medical care that has coincided with a stronger focus on burn treatment 
and prevention, increased fire and burn prevention education, greater 
availability of regional treatment centers, widespread use of smoke detec-
tors, greater regulation of consumer products and occupational safety, 
and societal changes such as reductions in smoking and alcohol abuse.

EPIDEMIOLOGY
Approximately 1.1 million people in the United States require medical 
care for burn injuries each year, with over 100,000 children admitted to 
a hospital or treated in the emergency department (ED). Fires remain 
a major cause of mortality in children, but children <14 years old have 
a lower relative risk of dying in a fire than the general population.

Thermal burns are caused when an external heat source comes in 
contact with the skin and tissues causing injury; thermal burns may 
occur from contact with hot surfaces, hot liquids, steam, or flame. 
Scald burns are most prevalent in children ≤4 years old and account 
for 65% of burn-related admissions in this age-group. Although the 
incidence of hot water scalding has been reduced by legislation requir-
ing water heaters to be preset at 48.9°C (120°F), scald injury remains 
the leading cause of hospitalization for burns in this age-group. Steam 
inhalation used as a home remedy to treat respiratory infections is a 
rare potential cause of burns. Flame burns are the most common cause 
of burn injury in all age-groups ≥5 years old. Electrical and chemi-
cal burns are also more common in older children and adults than in 
young children. Clothing ignition events have declined since passage 
of the Federal Flammable Fabric Act requiring sleepwear to be flame-
retardant. Polyester is the fabric most resistant to ignition by a small 
flame source. Polyester burns deeply as it melts, but it self-extinguishes 
when the flame source is removed. Cotton, on the other hand, contin-
ues to burn after the flame source has been removed, resulting in large, 
deep burns. Polyester melts downward, sparing the face and respira-
tory tract; cotton burns upward toward the face. Pellet stoves, glass 
front stoves, and flat top stoves are frequent sources of hand burns in 
children, as is contact with hot hair appliances, such as curling irons 
and hair straighteners. Approximately 18% of burns are the result of 
child abuse (usually scalds), making it important to assess the pattern 
and site of injury and their consistency with the patient’s history (see 
Chapter 17). Friction burns from treadmills are also a problem. Hands 
are the most commonly injured sites, with burns ranging from deep 
second-degree to fourth-degree with tendon disruption and fractures 
from the friction injury. Anoxia, not the actual burn, is a major cause 
of morbidity and mortality in house fires.

Review of the history usually shows a common pattern: a v-shaped 
distribution of the scald burns to the chest and abdomen if liquid 
is pulled from a table or stove, burns in the pant leg area if clothing 
ignites, burns in a splash pattern from a hot liquid spill, and burns on 
the palm of the hand from contact with a hot stove or curling iron. 
However, glove or stocking burns of the hands and feet; single-area 
deep burns on the trunk, buttocks, or back; and small, full-thickness 
burns (e.g., cigarette burns) in young children should raise the suspi-
cion of child abuse.

Burn care involves a range of activities: prevention, acute care and 
resuscitation, wound management, pain relief, reconstruction, reha-
bilitation, and psychosocial adjustment. Children with massive burns 
require early and appropriate psychologic and social support as well as 
resuscitation. Surgical debridement, wound closure, and rehabilitative 

efforts should be instituted concurrently to promote optimal outcomes. 
To maximize survival, the clinical approach includes aggressive surgi-
cal removal of devitalized tissue with timely skin closure via grafting, 
infection control, and judicious use of antibiotics; life support with 
endotracheal intubation and mechanical ventilation; and use of early 
enteral nutrition. Children who have sustained burn injuries differ in 
appearance from their peers, necessitating supportive efforts for reen-
try to school and social and sporting activities.

PREVENTION
The aim of burn prevention is a continuing reduction in the number 
of serious burn injuries (Table 89.1). Effective first aid and triage can 
decrease both the extent (area) and the severity (depth) of injuries. The 
use of flame-retardant clothing and smoke detectors, control of hot 
water temperature (thermostat settings) to 48.9°C (120°F) within build-
ings, and prohibition of cigarette smoking have been partially successful 
in reducing the incidence of burn injuries. Treatment of children with 
significant burn injuries in dedicated burn centers facilitates medically 
effective care, improves survival, and leads to greater cost efficiency. 
Survival of at least 80% of patients with burns of 90% of the total body 
surface area (TBSA) is possible for children and young adults. Death is 
more likely in children with irreversible anoxic brain injury sustained at 
the time of the burn. Some burns occur on a seasonal basis, including:
Winter:
	•	 �Glass-front fireplaces/pellet stoves and radiators increase hand burns
	•	 �Treadmill injuries as more people exercise inside—child imitates 

adults or young child touches belt
	•	 �Soup scald burns from spilling liquid while removing bowl from mi-

crowave
Summer:
	•	 �Fireworks, sparklers—temperatures reach 537.8°C (1,000°F)
	•	 �Burn contact with hot grill; hand/feet burn from hot embers
	•	 �Burns from children walking or falling into a campfire
	•	 �Lawnmowers
Spring/Fall:
	•	 �Burning leaves
	•	 �Gasoline burns
	•	 �Tap water scalds
	•	 �House fires from propane heater explosion

Pediatricians can play a major role in preventing the most com-
mon burns by educating parents and healthcare providers. Simple, 
effective, efficient, and cost-effective preventive measures include the 
use of appropriate clothing and smoke detectors and the planning of 
routes for emergency exit from the home. The National Fire Protection 
Association (NFPA) recommends replacing smoke detector batteries 
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Table 89.1    � Burn Prophylaxis

PREVENT FIRES
Install and use smoke detectors.
Control the hot water thermostat; maximum water temperature 

should be 48.9°C (120°F).
Keep fire, matches, and lighters out of the reach of children.
Avoid cigarette smoking, especially in bed.
Do not leave lit candles unattended.
Keep hair appliances such as curling irons and straighteners out of 

the reach of children.
Use caution when cooking, especially with oil.
Keep cloth items off heaters.

PREVENT INJURY
Stop, drop, and roll (do not run) if clothing catches fire; wrap in a 

blanket.
Practice escape procedures.
Crawl beneath smoke if a fire occurs indoors.
Use educational materials.*

*National Fire Protection Association pamphlets and videos.
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A child has a small facial burn after inhaling smoke in a closed room and now has signs of
airway injury. Which reason in the table supports referral to a burn center?

A. Suspected inhalation injury regardless of burned body-surface area

B. Only the presence of a foot burn

C. Need for routine school follow-up

D. No referral because the skin injury is small

E. Only injury from cold exposure
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annually and the smoke detector alarm every 10 years (or earlier, if 
indicated on the device). 

ACUTE CARE, RESUSCITATION, AND ASSESSMENT
Indications for Admission
Burns covering >10% TBSA, burns associated with smoke inhala-
tion, burns resulting from high-tension (voltage) electrical injuries, 
and burns associated with suspected child abuse or neglect should 
be treated emergently and referred to a burn center for definitive care 
(Table 89.2). Small first- and second-degree burns of the hands, feet, 
face, perineum, and joint surfaces may require admission if close fol-
low-up care is difficult to provide. Children who have been in enclosed-
space fires and those who have significant face and neck burns should 
be evaluated carefully for airway or neurologic compromise, including 
monitoring for 24 hours in the hospital for potential central nervous 
system (CNS) effects of anoxia from carbon monoxide (CO) poisoning 
or pulmonary effects from smoke inhalation. 

First Aid Measures
Acute care should include the following measures:
	1.	�Extinguish flames by rolling the child on the ground; cover the child 

with a blanket, coat, or carpet.
	2.	�Remove smoldering clothing or clothing saturated with hot liquid. 

Jewelry, particularly rings and bracelets, should be removed or cut 
away to prevent constriction and vascular compromise during the 
edema phase in the first 24-72 hours after burn injury.

	3.	�In cases of chemical injury, brush off any remaining chemical, if 
powdered or solid; then use copious irrigation or wash the affected 
area with water. Call the local poison control center for the neutral-
izing agent to treat a chemical ingestion.

	4.	�Wash the burned area with soap and cool running water. For burns 
on less than 10% of the body, irrigate with cool tap water for 10-20 
minutes. Significant large-burn injury (>15% TBSA) decreases body 
temperature control so the use of cold water is contraindicated.

	5.	�Cover the burned area with clean, dry sheeting or dressing. Avoid 
using tape.

	6.	�If the burn is caused by hot tar, cool the burn and then use mineral 
oil to remove the tar.

	7.	�Administer analgesic medications. 

Emergency Care
Supportive measures are as follows (Table 89.3 and Table 89.4):
	 1.	� Rapidly review the cardiovascular and pulmonary status and docu-

ment preexisting or physiologic lesions (asthma, congenital heart 
disease, renal or hepatic disease).

	 2.	� Ensure and maintain an adequate airway (Fig. 89.1). For any child 
with a facial burn or suspected inhalation of smoke, the following 
actions are indicated:

	 a.	� Start 100% oxygen and measure carboxyhemoglobin (CO) lev-
els as well as a blood gas, because cutaneous oxygen saturations 
are not accurate in CO poisoning (see Chapters 79 and 86).

	 b.	� Assess for laryngeal edema (examine mouth; assess for stridor, 
retractions) and intubate for evidence of significant airway com-
promise.

	 c.	� Assess oxygenation to evaluate for lung damage from smoke in-
halation. Bronchoscopy may be helpful in the intubated child 
to further delineate the extent of smoke inhalation injury. Use a 
humidified ventilator circuit to prevent dry secretions that can 
obstruct an airway.

	 3.	 �Children with burns >15% TBSA require intravenous (IV) fluid 
resuscitation to maintain adequate perfusion. IV access is prefer-
ably obtained in a nonburned area, but if none is readily available, 
placing the initial line through a burn may be necessary. Monitor 
peripheral IV sites closely for infiltration, as extremities will be-
come edematous after burn injury. In an emergency situation in 
which IV access is unattainable, an intraosseous (IO) line may be 
placed. The IO line should be replaced in a timely fashion with a 
central line, as IO needles may be unable to sustain the large fluid 
volume needed for major burn resuscitation. Patients with inhala-
tion injury, regardless of the extent of TBSA burn, require large 
volumes of fluid for resuscitation due to insensible losses from the 
injured airway epithelium. Significant high-tension and electrical 
injuries require venous access to ensure sufficient fluid resuscita-
tion volumes, as forced alkaline diuresis may be needed in fluid-
refractory myoglobinuria to avoid renal damage. Lactated Ringer 
solution, 10-20 mL/kg/hr (normal saline may be used if lactated 
Ringer solution is not available), is initially infused until proper flu-
id replacement can be calculated. Consultation with a specialized 
burn unit should be made to coordinate fluid therapy, including 
the type of fluid, the preferred formula for calculation, and prefer-
ences for the use of colloid agents, particularly if transfer to a burn 
center is anticipated.

	 4.	� For patients with circumferential burns of the extremities, elevate 
the extremities and monitor perfusion (capillary refill, pulses), as 
compartment syndrome (see Chapter 80) may develop and require 
escharotomy.

	 5.	� Evaluate the child for associated injuries. Children with burns may 
have associated accidental traumatic injuries (fall) or nonacciden-
tal injuries (child abuse). In cases of high-voltage electrical burn 
(>1,000 volts), especially if there has also been a fall from a height, 
injuries to the spine, bones, and thoracic or intraabdominal organs 
may occur (see Chapter 80). Cervical spine precautions should be 
observed until this injury is ruled out. If ventricular fibrillation oc-
curs at the scene of an electrocution, cardiopulmonary resuscita-
tion (CPR) should be instituted promptly, and cardiac monitoring 
started on the patient’s arrival at the ED (see Chapter 79).

	 6.	 �Children with burns of >15% TBSA should not initially receive oral 
fluids because gastric distention may develop. These children may re-
quire insertion of a nasogastric tube in the ED to prevent aspiration.

	 7.	� A Foley catheter should be inserted into the bladder to monitor 
urine output in children who require IV fluid resuscitation.

Table 89.2    � Indications for Referral to a Burn Center

Partial-thickness burns affecting >10% TBSA
Full-thickness burn affecting >5% TBSA
Third-degree burns
Electrical burns caused by high-tension wires or lightning
Chemical burns
Inhalation injury, regardless of the amount of TBSA burned
Inadequate home or social environment
Suspected child abuse or neglect
Burns to the face, hands, feet, perineum, genitals, or major joints
Burns in patients with preexisting medical conditions that may 

complicate the acute recovery phase
Associated injuries (fractures)

TBSA, Total body surface area.
Adapted from American Burn Association/American College of Surgeons. Guidelines 
for the operation of burn centers. J Burn Care Res. 2007;28(1):134–141 and Bettencourt 
AP, Romanowski KS, Joe V, et al. Updating the Burn Center Referral Criteria: Results 
from the 2018 eDelphi Consensus Study. J Burn Care Res. 2020;41(5):1052–1062.

Table 89.3    � Acute Treatment of Burns

First aid, including washing of wounds and removal of devitalized 
tissue

Fluid resuscitation
Provision of energy requirements
Control of pain
Prevention of infection
Early excision and grafting
Prevention of excessive metabolic expenditures
Control of bacterial wound flora
Early mobility, range of motion, and strength exercises
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A child arrives soon after a significant burn. Which early care priority is included in the
acute-treatment table?

A. Fluid resuscitation and pain control

B. Immediate return to full-contact sports

C. Deliberate withholding of all nutrition

D. Routine neglect of wound hygiene

E. Avoidance of assessment for infection

Original table 89.3  |  Nelson printed p. 647  |  PDF p. 693
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annually and the smoke detector alarm every 10 years (or earlier, if 
indicated on the device). 

ACUTE CARE, RESUSCITATION, AND ASSESSMENT
Indications for Admission
Burns covering >10% TBSA, burns associated with smoke inhala-
tion, burns resulting from high-tension (voltage) electrical injuries, 
and burns associated with suspected child abuse or neglect should 
be treated emergently and referred to a burn center for definitive care 
(Table 89.2). Small first- and second-degree burns of the hands, feet, 
face, perineum, and joint surfaces may require admission if close fol-
low-up care is difficult to provide. Children who have been in enclosed-
space fires and those who have significant face and neck burns should 
be evaluated carefully for airway or neurologic compromise, including 
monitoring for 24 hours in the hospital for potential central nervous 
system (CNS) effects of anoxia from carbon monoxide (CO) poisoning 
or pulmonary effects from smoke inhalation. 

First Aid Measures
Acute care should include the following measures:
	1.	�Extinguish flames by rolling the child on the ground; cover the child 

with a blanket, coat, or carpet.
	2.	�Remove smoldering clothing or clothing saturated with hot liquid. 

Jewelry, particularly rings and bracelets, should be removed or cut 
away to prevent constriction and vascular compromise during the 
edema phase in the first 24-72 hours after burn injury.

	3.	�In cases of chemical injury, brush off any remaining chemical, if 
powdered or solid; then use copious irrigation or wash the affected 
area with water. Call the local poison control center for the neutral-
izing agent to treat a chemical ingestion.

	4.	�Wash the burned area with soap and cool running water. For burns 
on less than 10% of the body, irrigate with cool tap water for 10-20 
minutes. Significant large-burn injury (>15% TBSA) decreases body 
temperature control so the use of cold water is contraindicated.

	5.	�Cover the burned area with clean, dry sheeting or dressing. Avoid 
using tape.

	6.	�If the burn is caused by hot tar, cool the burn and then use mineral 
oil to remove the tar.

	7.	�Administer analgesic medications. 

Emergency Care
Supportive measures are as follows (Table 89.3 and Table 89.4):
	 1.	� Rapidly review the cardiovascular and pulmonary status and docu-

ment preexisting or physiologic lesions (asthma, congenital heart 
disease, renal or hepatic disease).

	 2.	� Ensure and maintain an adequate airway (Fig. 89.1). For any child 
with a facial burn or suspected inhalation of smoke, the following 
actions are indicated:

	 a.	� Start 100% oxygen and measure carboxyhemoglobin (CO) lev-
els as well as a blood gas, because cutaneous oxygen saturations 
are not accurate in CO poisoning (see Chapters 79 and 86).

	 b.	� Assess for laryngeal edema (examine mouth; assess for stridor, 
retractions) and intubate for evidence of significant airway com-
promise.

	 c.	� Assess oxygenation to evaluate for lung damage from smoke in-
halation. Bronchoscopy may be helpful in the intubated child 
to further delineate the extent of smoke inhalation injury. Use a 
humidified ventilator circuit to prevent dry secretions that can 
obstruct an airway.

	 3.	 �Children with burns >15% TBSA require intravenous (IV) fluid 
resuscitation to maintain adequate perfusion. IV access is prefer-
ably obtained in a nonburned area, but if none is readily available, 
placing the initial line through a burn may be necessary. Monitor 
peripheral IV sites closely for infiltration, as extremities will be-
come edematous after burn injury. In an emergency situation in 
which IV access is unattainable, an intraosseous (IO) line may be 
placed. The IO line should be replaced in a timely fashion with a 
central line, as IO needles may be unable to sustain the large fluid 
volume needed for major burn resuscitation. Patients with inhala-
tion injury, regardless of the extent of TBSA burn, require large 
volumes of fluid for resuscitation due to insensible losses from the 
injured airway epithelium. Significant high-tension and electrical 
injuries require venous access to ensure sufficient fluid resuscita-
tion volumes, as forced alkaline diuresis may be needed in fluid-
refractory myoglobinuria to avoid renal damage. Lactated Ringer 
solution, 10-20 mL/kg/hr (normal saline may be used if lactated 
Ringer solution is not available), is initially infused until proper flu-
id replacement can be calculated. Consultation with a specialized 
burn unit should be made to coordinate fluid therapy, including 
the type of fluid, the preferred formula for calculation, and prefer-
ences for the use of colloid agents, particularly if transfer to a burn 
center is anticipated.

	 4.	� For patients with circumferential burns of the extremities, elevate 
the extremities and monitor perfusion (capillary refill, pulses), as 
compartment syndrome (see Chapter 80) may develop and require 
escharotomy.

	 5.	� Evaluate the child for associated injuries. Children with burns may 
have associated accidental traumatic injuries (fall) or nonacciden-
tal injuries (child abuse). In cases of high-voltage electrical burn 
(>1,000 volts), especially if there has also been a fall from a height, 
injuries to the spine, bones, and thoracic or intraabdominal organs 
may occur (see Chapter 80). Cervical spine precautions should be 
observed until this injury is ruled out. If ventricular fibrillation oc-
curs at the scene of an electrocution, cardiopulmonary resuscita-
tion (CPR) should be instituted promptly, and cardiac monitoring 
started on the patient’s arrival at the ED (see Chapter 79).

	 6.	 �Children with burns of >15% TBSA should not initially receive oral 
fluids because gastric distention may develop. These children may re-
quire insertion of a nasogastric tube in the ED to prevent aspiration.

	 7.	� A Foley catheter should be inserted into the bladder to monitor 
urine output in children who require IV fluid resuscitation.

Table 89.2    � Indications for Referral to a Burn Center

Partial-thickness burns affecting >10% TBSA
Full-thickness burn affecting >5% TBSA
Third-degree burns
Electrical burns caused by high-tension wires or lightning
Chemical burns
Inhalation injury, regardless of the amount of TBSA burned
Inadequate home or social environment
Suspected child abuse or neglect
Burns to the face, hands, feet, perineum, genitals, or major joints
Burns in patients with preexisting medical conditions that may 

complicate the acute recovery phase
Associated injuries (fractures)

TBSA, Total body surface area.
Adapted from American Burn Association/American College of Surgeons. Guidelines 
for the operation of burn centers. J Burn Care Res. 2007;28(1):134–141 and Bettencourt 
AP, Romanowski KS, Joe V, et al. Updating the Burn Center Referral Criteria: Results 
from the 2018 eDelphi Consensus Study. J Burn Care Res. 2020;41(5):1052–1062.

Table 89.3    � Acute Treatment of Burns

First aid, including washing of wounds and removal of devitalized 
tissue

Fluid resuscitation
Provision of energy requirements
Control of pain
Prevention of infection
Early excision and grafting
Prevention of excessive metabolic expenditures
Control of bacterial wound flora
Early mobility, range of motion, and strength exercises
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A child is in the first 24 hours after a major burn, with capillary leak and developing edema.
Which phase and priority in the table best apply?

A. Resuscitation with airway, breathing, circulation, and fluid assessment

B. Late rehabilitation only

C. Scar revision as the sole immediate goal

D. Uncomplicated outpatient feeding advice

E. No monitoring until edema resolves

Original table 89.4  |  Nelson printed p. 648  |  PDF p. 694
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	 8.	� In general, wounds should be wrapped with a clean sheet or dress-
ing until it is decided whether to treat the patient on an outpatient 
basis or refer to an appropriate facility.

	 9.	� For children trapped in a fire, a CO measurement (carboxyhemo-
globin [HbCO]) should be obtained and 100% oxygen adminis-
tered until the result is known. Pulse oximetry is unreliable in CO 
poisoning.

	10.	� Review child immunizations, including tetanus immunization. 
Use diphtheria, tetanus toxoids, and acellular pertussis (DTaP) 
for tetanus prophylaxis for children <7 years old, and use tetanus, 
diphtheria, and pertussis (TdaP) for children ≥7 years old (see 
Chapter 257). 

Classification of Burns
Proper triage and treatment of burn injury require assessment of the 
extent and depth of the injury (Table 89.5 and Fig. 89.2). First-degree 
burns involve only the epidermis and are characterized by swelling, 
erythema, and pain (similar to mild sunburn). Tissue damage is usually 
minimal, and there is no blistering. Pain resolves in 48-72 hours; in a 
small percentage of patients, the damaged epithelium peels off, leaving 
no residual scars.

A second-degree burn involves injury to the entire epidermis and a 
variable portion of the dermal layer (vesicle and blister formation are 
characteristic). A superficial second-degree burn is extremely painful 
because many remaining viable nerve endings are exposed. Superficial 

Table 89.4    � Phases of Burn Care

PHASE AND TIMING PHYSIOLOGIC CHANGES OBJECTIVES

1: Resuscitation, 0-72 hours Massive capillary leak, edema, and burn 
shock

Airway, breathing, and circulation optimization via  
accurate fluid resuscitation and thorough evaluation

2: Acute treatment phase, day 3 through 
discharge

Hyperdynamic and catabolic state,  
immunosuppression, risk of infection

Enteral nutrition to optimize wound healing; excision 
and biologic wound closure of full-thickness wounds 
with excision and grafting within 7 days of injury

3: Rehabilitation, day 1 through discharge Gradual waning of initial catabolic state, 
wounds heal, scars form, and strength 
recovers

Maintain and restore range of motion; reduce edema; 
strengthen muscles; facilitate return to home, work, 
and school

Fig. 89.1  Algorithm for primary survey of a ma-
jor burn injury. (From Hettiaratchy S, Papini R. Ini-
tial management of a major burn. I. Overview. BMJ. 
2004;328:1555–1557.)

Airway
Compromised or at risk
of compromise?

Intubate

Escharotomies

Go back and re-evaluate

Breathing
Compromised?

Cause:
Mechanical
Carboxyhemoglobin
Smoke inhalation

Blast injury

Consider:
Hypoxia (carboxyhemoglobin level?)
Hypovolemia

Escharotomies
Intubate and ventilate; O2
Nebulizers; O2
Noninvasive ventilation
Invasive ventilation
Invasive ventilation
Chest drains

Yes

Yes

No

Circulation
Compromised perfusion
to an extremity?

No

Neurological disability
Impaired score on 
Glasgow coma scale?

No Yes

Yes

Exposure
Fully assess burn area and depth
Full examination for concomitant injuries
Keep warm

Fluids
Calculate resuscitation formula based 
on surface area and time since burn

No
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A child has a dry, leathery, insensate burn with no blanching. Which depth category best
matches the table?

A. Full-thickness burn

B. Superficial first-degree burn

C. Superficial partial-thickness burn

D. Intact unburned skin

E. Frostbite only
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second-degree burns heal in 7-14 days as the epithelium regenerates 
in the absence of infection. Mid-level to deep second-degree burns will 
generally heal in 14-21 days, but often result in significant scarring. 
Deep second-degree burns tend to be dry, pale, and white (flame) or 
red (scald); they are often grafted to mitigate scarring (Fig. 89.3). Pain 
may be less with these burns than in more superficial burns because 
fewer nerve endings remain viable; however, the edge of the burn, 
which will be less deep, will still cause pain. Fluid losses and metabolic 
effects of deep dermal (second-degree) burns are essentially the same 
as those of third-degree burns. If a blister is intact in a burned area, the 
burn is at least second-degree but may be deeper. Definitive diagnosis 
of burn depth is not possible because the blister blocks visualization of 
the burned tissue under the blister.

Full-thickness, or third-degree burns, involve destruction of the 
entire epidermis and dermis, leaving no residual epidermal cells to 
repopulate the damaged area. The wound heals by wound contraction 
or skin grafting. Wounds are either white or leathery (flame burn) or 
mottled, nonblanching, and cherry red (scald) (Fig. 89.4). The absence 
of painful sensation and capillary filling demonstrates the loss of nerve 
and capillary elements. Pain exists at the edges of the burn. Hence, 
using pain to determine burn depth is not accurate.
Technologies can help accurately determine the depth of burns. 

Laser Doppler imaging can be used from 25 days after the burn. It pro-
duces a color map of the affected tissue; yellow indicates second-degree 
burns, reflecting the presence of capillaries, arterioles, and venules, and 
blue reflects very low or absence of blood flow, which indicates third-
degree burns. Although early reports are promising, the clinical utility 

of laser Doppler imaging for burn depth determination is not clearly 
established. 

Estimation of Total Body Surface Area for a Burn
Appropriate burn charts for different childhood age-groups should be 
used to accurately estimate the extent of TBSA burned. The extent and 
depth of the burn are the largest determinants of fluid resuscitation 
requirements. Mortality and morbidity also depend on the extent and 
depth of the burn. Children have a larger surface area to mass ratio than 
adults, and the variable growth rate of the child’s head and extremities 
makes it necessary to use body surface area (BSA) charts, such as that 
modified by Lund and Brower, to accurately calculate burn size (Fig. 
89.5). Another method of estimating burn size is to employ the palm 
rule. The palm of the child’s hand (from base of palm to fingertip) is 
1% of the child’s TBSA. A quick method of estimating burn size is to 
hold your hand up to the child’s hand to gauge the area and use that to 
determine burn size. The rule of nines used in adults should only be 
used in children >14 years old or >20 kg as a rough estimate to institute 
therapy before transfer to a burn center. The rule of nines divides body 
regions by 9% BSA: head and neck, chest and upper back, each arm, 
abdomen, lower back, upper leg, and lower leg; hand or genitals (1%). 

TREATMENT
Outpatient Management of Minor Burns
A patient with first-  and second-degree burns <10% TBSA may be 
treated on an outpatient basis unless pain is uncontrolled on oral 
agents, the family cannot successfully complete wound care, or there 
are issues of child neglect or abuse. These outpatients do not require 
prophylactic antibiotics. Blisters should be left intact and dressed with 
a nonstick dressing such as Telfa or Xeroform. Topical creams do not 
penetrate the blister and are not indicated unless the blister ruptures. 
Dressings should be changed once daily, after the wound is washed with 
lukewarm water. Very small wounds, especially those on the face, may 
be treated with bacitracin ointment and left open. Debridement (i.e., 
removal) of the devitalized skin is indicated when the blisters rupture. 
A variety of wound dressings are available for application to second-
degree burns; the affected area should be subsequently wrapped with 
a dry, clean dressing. Silver dressings are popular because they provide 
pain relief, prevent wound desiccation, reduce wound colonization, and 
can be left in place for 5-7 days (Table 89.6). Although silver dressings 
are antimicrobial, wound infections can occur beneath these dressings. 
Patients should be instructed to seek immediate medical care for signs 
and symptoms of infection (elevated temperature, malaise, pain) and 
should be reevaluated at least weekly by the medical team. The great 
majority of superficial burns heal in 7-10 days, with deep second-
degree burns taking longer to heal. Burns that have not healed within 
2 weeks (or clearly will not be healed in 2 weeks) have a >97% chance 
of developing a significant scar and should be referred to a burn center.

Epidermis

Superficial
Superficial

dermal
Deep

dermal
Full-

thickness

Dermis

Sub-
cutaneous

Fig. 89.2  Diagram of different burn depths. (From Hettiaratchy S, 
Papini R. Initial management of a major burn. II. Assessment and resus-
citation. BMJ. 2004;329:101–103.)

Table 89.5    � Categories of Burn Depth

FIRST-DEGREE BURN
SECOND-DEGREE BURN  

(PARTIAL THICKNESS)
THIRD-DEGREE BURN  

(FULL-THICKNESS)

Surface appearance Dry, no blisters
Minimal or no edema
Erythematous
Blanches, bleeds

Moist blebs, blisters
Underlying tissue is mottled pink and white, 

with fair capillary refill
Bleeds

Dry, leathery eschar
Mixed white, waxy, khaki, mahogany, 

soot-stained
No blanching or bleeding

Pain Very painful Very painful Insensate centrally, edges (usually less 
deep) may still have sensation

Histologic depth Epidermal layers only Epidermis, papillary, and reticular layers of 
dermis

May include domes of subcutaneous layers

Through all layers of the skin to  
subcutaneous tissue (loss of muscle, 
bone is fourth-degree burn)

Healing time 2-5 days with no scarring Superficial: 5-21 days with no grafting
Deep partial: 21-35 days with no infection, but 

scar is expected; if infected, converts to  
full-thickness burn

Large areas require grafting, but small 
areas may heal from the edges after 
weeks
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A burn wound expected to heal within about a week needs a clear topical agent active mainly
against gram-positive organisms. Which listed agent best matches?

A. Bacitracin

B. Plain petrolatum without any antimicrobial claim

C. Systemic amphotericin

D. Oral acetazolamide

E. Intravenous midodrine

Original table 89.7  |  Nelson printed p. 652  |  PDF p. 698

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16

652  Part VII  u  Emergency Medicine, Critical Care, and Anesthesia

third-degree and deep second-degree burns may be required in chil-
dren with large burns. Prompt excision with immediate wound clo-
sure is achieved with autografts, skin obtained from another part of 
the patient’s body, which may be meshed to increase the efficiency of 
coverings. Alternatives for wound closure, such as allografts, dermal 
substitutes, and other biologic dressings, may be important for wound 
coverage in patients with extensive injury to limit fluid, electrolyte, and 
protein losses and to reduce pain and minimize temperature loss. Cul-
tured epidermal cells (autologous keratinocytes), grown from a skin 
biopsy from the patient, are a costly alternative and are not always 
successful. Another approach employs an autologous cell spray (theo-
retically containing stem cells) as an adjunct to meshed skin for wound 
closure. An experienced burn team can safely perform early stage or 
total excision while burn fluid resuscitation continues. Important keys 
to success are (1) accurate preoperative and intraoperative determi-
nation of burn depth, (2) the choice of excision area and appropriate 
timing, (3) control of intraoperative blood loss, (4) specific instrumen-
tation, and (5) the type of wound coverage chosen. 

Nutritional Support
Supporting the increased energy requirements of a patient with a burn 
is a high priority. The burn injury produces a hypermetabolic response 
characterized by both protein and fat catabolism. Depending on the 
time lapse since the burn, children with a burn of 40% TBSA require 
basal energy expenditure (oxygen consumption) approximately 
50–100% higher than predicted for their age. Early excision and grafting 
can decrease the energy requirement. Pain, anxiety, and immobiliza-
tion increase the physiologic demands. Additional energy expenditure 
is caused by cold stress if environmental humidity and temperature 
are not controlled; this is especially true in young infants, in whom 
the large BSA:mass ratio allows proportionately greater heat loss than 
in adolescents and adults. Providing environmental temperatures of 
28–33°C (82.4–91.4°F), adequate covering during transport, and lib-
eral use of analgesics and anxiolytics can decrease caloric demands. 
Appropriate sleep intervals are necessary and should be part of the reg-
imen. Early enteral nutrition, initially with high-carbohydrate, high-
protein caloric content (1,800 kcal/m2/24-hr maintenance plus 2,200 
kcal/m2 of burn/24 hr) reduces metabolic stress.

The objective of nutrition supplementation programs is to maintain 
body weight and minimize weight loss by meeting metabolic demands. 

This reduces the loss of lean body mass. Calories are provided at 
approximately 1.5 times the basal metabolic rate, with 3-4 g/kg of pro-
tein/day. The focus of nutritional therapy is to support and compen-
sate for the metabolic needs. Multivitamins, particularly the B vitamin 
group, vitamin C, vitamin A, vitamin D, vitamin E, copper, selenium, 
and zinc, are also necessary.

Alimentation should be started as soon as is practical, preferably 
enterally, to meet all caloric needs and maintain gastrointestinal (GI) 
tract function throughout treatment. Patients with burns of >40% of 
TBSA need a flexible nasogastric or small bowel feeding tube to facili-
tate continuous delivery of calories without the risk of aspiration at 
the time of admission. To decrease the risk of infectious complica-
tions, parenteral nutrition should be avoided or discontinued as soon 
as is practical after delivery of sufficient enteral calories is established. 
Continuous GI feeding is essential, even if feeding is interrupted for 
frequent visits to the operating room, until full grafting takes place. 
In third-degree burns >20% the use of anabolic agents such as oxan-
drolone to improve wound healing and promote protein synthesis or 
anticatabolic agents (propranolol) to reduce metabolic stress is com-
mon practice. It is vital to continue enteral feeding while using these 
agents to obtain maximal response. Liver function studies should be 
monitored weekly when giving oxandrolone, and oxandrolone should 
be discontinued if liver function deteriorates. 

Topical Therapy
Topical therapy is widely used to decrease wound colonization from 
a wide variety of wound pathogens (see Table 89.7). Preferences vary 
among burn units. Each topical agent has advantages and disadvan-
tages in application, comfort, and bacteriostatic spectrum. However, 
all agents impair wound healing. The type of organism on a wound 
varies with the age of the wound. In the first week, gram-positive 
organisms predominate. During weeks 2-4, gram-negative organisms 
are frequently found in burn wounds. Prolonged open burn wounds 
eventually tend to develop resistant gram-negative organisms, fun-
gus, or mold. The choice of topical antimicrobial depends on wound 
age and depth. Bacitracin is a clear ointment effective against gram-
positive organisms and is often used in wounds that will heal within 
a week. If placed on nonburned skin, it may cause a yeast rash or 
pimples that resolve with discontinuation. Silver sulfadiazine is a white 
cream containing silver with a broad spectrum of coverage, including 

Table 89.7    � Topical Agents Used for Burns

AGENT EFFECTIVENESS SIDE EFFECTS EASE OF USE

Bacitracin Gram-positive organisms; good for 
wounds that will heal in 7-10 days

May cause yeast overgrowth rash or 
pustules if on intact skin; resolves 
with discontinuation

Clear ointment, 1-2 times daily, 
easy to clean off

Silver sulfadiazine cream 
(Silvadene)

Broad spectrum including gram-
positive and -negative organisms, 
some fungus; may cause leukopenia

Leukopenia, self-limited; may be 
painful

Changed twice daily

Leaves adherent residue Residue must be washed off with 
each dressing change

Mafenide acetate cream* 
(Sulfamylon)

Targets resistant gram-negative 
organisms, particularly Pseudomonas, 
some gram-positive coverage

Carbonic anhydrase inhibitor, may 
cause metabolic acidosis

Changed twice daily; application 
may be painful

Rapid and deep wound penetration; 
used on cartilage (ears) and deep 
wound infection

Residue must be washed off with 
each dressing change

0.5% Silver nitrate solution Bacteriostatic Permanent staining of surfaces 
from silver oxidation; 
electrolyte disturbances from 
hypotonic solution, potential 
methemoglobinemia

Closed bulky dressing soaked 
every 2 hr and changed 1-2 times 
daily

Broad spectrum, including some fungi

Superficial penetration

*Mafenide acetate solution at concentrations of 2.5% or 5% for use on heavily colonized, multidrug-resistant organisms to be used for 5 days only.
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Months after a large burn, a child has limited joint movement from tight scar tissue. Which
long-term complication listed in the table explains the limitation?

A. Contracture

B. Acute hypovolemia

C. Simple fever

D. Primary tic disorder

E. Transient photophobia
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regardless of the extent of the surface area burn. Deep muscle injury is 
typical and cannot be readily assessed initially. These injuries occur in 
high-voltage installations, such as electric power stations or railroads; 
children climb an electric pole and touch an electric box out of curios-
ity or accidentally touch a high-tension electrical wire. Such injuries 
have a mortality rate of 3–15% for children who arrive at the hospi-
tal for treatment. Survivors have a high rate of morbidity, including 
major limb amputations. Points of entry of current through the skin 
and the exit site show characteristic features consistent with current 
density and heat. The majority of entrance wounds involve the upper 
extremity, with small exit wounds in the lower extremity. The current 
is conducted throughout the body, regardless of entry and exit points. 
Virtually any structure in the body is at risk (Table 89.9). Damage to 
the abdominal viscera, thoracic structures, and nervous system (con-
fusion, coma, paralysis) in areas remote from obvious extremity injury 
occurs and must be sought, particularly in injuries with multiple cur-
rent pathways or those in which the victim falls from a high pole. 
Cardiac abnormalities, manifested as ventricular fibrillation or car-
diac arrest, are common; patients with high-tension electrical injury 
need an initial electrocardiogram (ECG) and cardiac monitoring until 
they are stable and have been fully assessed. Higher-risk patients have 
abnormal ECG findings and a history of loss of consciousness. Renal 
damage from deep muscle necrosis and subsequent myoglobinuria is 
another complication; such patients need forced alkaline diuresis to 
minimize renal damage. Soft tissue (muscle) injury of an extremity 
may produce a compartment syndrome (see Chapter 80). Aggressive 
removal of all dead and devitalized tissue, even with the risk of func-
tional loss, remains the key to effective management of the electrically 
damaged extremity. Early debridement facilitates early closure of the 
wound. Damaged major vessels must be isolated and buried in a viable 
muscle to prevent exposure. Survival depends on immediate intensive 
care; functional result depends on long-term care and delayed recon-
structive surgery. The incidence of cataract formation is also increased 
in patients who have sustained electrical injuries; patients should be 
referred to an ophthalmologist for regular examinations.

Arc burns generally are caused by clothing ignition from the super-
heated arc that can be emitted from high-amperage current discharge. 
The hallmark of this injury is a large cutaneous burn following clothing 

lines and covered in thick soot. Discreet entrance and exit points are 
not generally seen. Muscle injury is rare, as current does not actually 
traverse the skin. Treatment should follow the principles for major 
flame burn injury treatment.

Contact burns, in which tissue destruction is localized to a small 
area of contact with an electrical box with no evidence of electricity 
conducted through the body, are generally treated as any other burn 
injury. Careful history and physical examination should be performed 
to assure that there was no transmission of electricity.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

89.1  Lightning Burns
Tina L. Palmieri

Worldwide, lightning occurs approximately 50 times per second, pri-
marily via ground strikes involving 30,000-100,000 amperes at 30,000 
Kelvin temperature. Fortunately, the incidence of lightning burns is low, 
with 400 injuries and 40 deaths per year attributed to lightning. Light-
ning injury occurs via (1) direct strike (electrical current), (2) thermal 
burns from conversion of electrical energy to heat, or (3) mechanical 
trauma from the acoustic shock wave, flying debris, fall, or muscle con-
traction. The most common form of lightning burn, accounting for 
approximately half of lightning injuries, is ground current, in which 
lightning strikes the ground or an object near an individual and trav-
els through the ground to the individual. Side splash injuries consti-
tute ∼30% of lightning injuries and occurs when current jumps from a 
nearby object, then follows the path of least resistance to an individual. 
Direct strikes account for 5% of lightning injuries. Sudden death after a 
direct strike is due to simultaneous cardiac and respiratory arrest from 
depolarization of cardiac muscle cells and paralysis of the medullary 
respiratory center.

Lightning cutaneous burns depend on the current path, the type of 
clothing worn, the presence of metal, and cutaneous moisture. Entry, 
exit, and path lesions are possible; the prognosis is poorest for lesions 
of the head or legs. Internal organ injury along the path is common 

Table 89.8    � Common Long-Term Complications and Disabilities in Patients with Burn Injuries

COMPLICATIONS AFFECTING THE SKIN AND SOFT TISSUE
Hypertrophic scars
Susceptibility to minor trauma
Dry skin
Contractures
Itching and neuropathic pain
Alopecia
Chronic open wounds
Skin cancers
Epidermal inclusion cysts
Cutaneous abscesses

ORTHOPEDIC DISABILITIES
Amputations
Contractures
Heterotopic ossification
Temporary reduction in bone density
Decreased endurance and weakness

METABOLIC DISABILITIES
Heat sensitivity
Obesity
Glucose intolerance
Hypertension

PSYCHIATRIC AND NEUROLOGIC DISABILITIES
Sleep disorders
Adjustment disorders
Posttraumatic stress disorder
Depression
Body image issues
Neuropathy and neuropathic pain
Long-term neurologic effects of carbon monoxide poisoning
Anoxic brain injury

LONG-TERM COMPLICATIONS OF CRITICAL CARE
Deep vein thrombosis, venous insufficiency, or varicose veins
Tracheal stenosis, vocal cord disorders, or swallowing disorders
Renal or adrenal dysfunction
Hepatobiliary or pancreatic disease
Cardiovascular disease
Reactive airway disease or bronchial polyposis

PREEXISTING DISABILITIES THAT CONTRIBUTED TO THE  
INJURIES
Risk-taking behavior
Untreated or poorly treated psychiatric disorder

Modified from Sheridan RL, Schultz JT, Ryan CM, et al. Case records of the Massachusetts General Hospital. Weekly clinicopathological exercises. Case 6-2004: A 35-year-old woman 
with extensive, deep burns from a nightclub fire. N Engl J Med. 2004;350:810–821.
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A child exposed to a high-voltage electrical source has a small entrance wound. Which hidden
organ complication in the table should be considered?

A. Cardiac dysrhythmia

B. Only superficial skin itching

C. Isolated allergic rhinitis

D. Simple speech delay

E. A predictable absence of deep injury
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and does not relate to the severity of the cutaneous burn. Linear burns, 
usually first- or second-degree, are in the locations where sweat is pres-
ent. Feathering, also called Lichtenberg figures, is an arborescent pat-
tern appearing on the skin and is pathognomonic for lightning injury 
(Fig. 89.7). The feathering skin appearance, thought to be caused by 
changes in cutaneous blood flow, is transient and disappears within 
several hours. Lightning may ignite clothing or produce serious cuta-
neous burns from heated metal in the clothing. Internal complications 
of lightning burns include cardiac arrest caused by asystole, transient 
hypertension, premature ventricular contractions, ventricular fibril-
lation, and myocardial ischemia. Most severe cardiac complications 

resolve if the patient is supported with CPR (see Chapter 79). CNS 
complications include cerebral edema, hemorrhage, seizures, mood 
changes, depression, and paralysis of the lower extremities. Rhabdo-
myolysis and myoglobinuria (with possible renal failure) also occur but 
are rare. Ocular manifestations include vitreous hemorrhage, iridocy-
clitis, retinal tearing, or retinal detachment. Rupture of the tympanic 
membrane occurs in 50–80% of those sustaining a direct strike.
Treatment of lightning injury generally follows traditional trauma 

management with one exception: In the event of multiple lighting inju-
ries (mass casualty), a “reverse triage” system is employed, in which 
initial treatment is focused on those who appear to be in cardiac arrest, 

Table 89.9    � Electrical Injury: Clinical Considerations

SYSTEM CLINICAL MANIFESTATIONS MANAGEMENT

General — 	•	 �Extricate the patient
	•	 �Perform ABCs of resuscitation; immobilize the spine
	•	 �Obtain history: voltage, type of current
	•	 �Obtain complete blood count with platelets, electrolytes, BUN,  

creatinine, and glucose

Cardiac Dysrhythmias: asystole, ventricular fibrillation, 
sinus tachycardia, sinus bradycardia, premature 
atrial contractions, premature ventricular  
contractions, conduction defects, atrial  
fibrillation, ST- and T-wave changes

	•	 �Treat dysrhythmias
	•	 �Provide cardiac monitor, electrocardiogram, and radiographs with 

suspected thoracic injury
	•	 �Perform creatinine phosphokinase with isoenzyme measurements if 

indicated

Pulmonary Respiratory arrest, acute respiratory distress, 
aspiration syndrome

	•	 �Protect and maintain the airway
	•	 �Provide mechanical ventilation if indicated, chest radiograph, and  

arterial blood gas levels

Renal Acute kidney injury, myoglobinuria 	•	 �Provide aggressive fluid management unless central nervous system 
injury is present

	•	 �Maintain adequate urine output, >1 mL/kg/hr if myoglobinuria; 
addition of HCO3

−, mannitol may be needed to alkalinize urine and 
stimulate diuresis, respectively

	•	 �Consider central venous or pulmonary artery pressure monitoring
	•	 �Measure urine myoglobin; perform urinalysis; measure BUN, creatinine

Neurologic Immediate: loss of consciousness, motor  
paralysis, visual disturbances, amnesia,  
agitation; intracranial hematoma

	•	 �Treat seizures
	•	 �Provide fluid restriction if indicated

Secondary: pain, paraplegia, brachial plexus 
injury, syndrome of inappropriate antidiuretic 
hormone secretion, autonomic disturbances, 
cerebral edema

	•	 �Consider spine radiographs and MRI, especially cervical

Delayed: paralysis, seizures, headache, peripheral 
neuropathy

	•	 �Perform CT or MRI scan of the brain if indicated

Cutaneous/oral Oral commissure burns, tongue and dental 
injuries; skin burns resulting from ignition of 
clothes, entrance and exit burns, and arc burns

	•	 �Document entrance and exit wounds
	•	 �Treat cutaneous burns; determine patient’s tetanus status
	•	 �Obtain consultation for plastic surgery of ear, nose, and throat, if indicated

Electrical burns to mouth could include oral 
commissures and lips; low-voltage electrical 
burns secondary to high conductivity of saliva

	•	 �Ensure no entry or exit wounds and no cardiac involvement
	•	 �Confirm all injuries are localized
•	 �Management is observation until eschar sloughs off and granulation 

tissue fills in
•	 �If bleeding at corner of mouth from labial artery, pinch lower lip to stop 

bleeding and consult surgeon
	•	 �High risk for scarring; refer to burn center for long-term management

Abdominal Viscus perforation and solid-organ damage; ileus; 
abdominal injury rare without visible abdominal 
burns

	•	 �Place nasogastric tube if patient has airway compromise or ileus
	•	 �Obtain serum ALT, AST, amylase, BUN, and creatinine measurements 

and CT scans as indicated

Musculoskeletal Compartment syndrome from subcutaneous 
necrosis limb edema and deep burns

	•	 �Monitor patient for possible compartment syndrome

Long-bone fractures, spine injuries 	•	 �Obtain radiographs and orthopedic/general surgery consultations as 
indicated

Ocular Visual changes, optic neuritis, cataracts,  
extraocular muscle paresis

	•	 �Obtain an ophthalmology consultation to document and follow for 
cataract formation

AST, Aspartate transaminase; ALT, alanine transaminase; BUN, blood urea nitrogen.
Adapted from Hall ML, Sills RM. Electrical and lightning injuries. In: Barkin RM, ed. Pediatric Emergency Medicine. St Louis: Mosby; 1997: p. 484.
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A hypothermic child develops ataxia and apathy as core temperature falls. Which general
severity progression is shown in the table?

A. Worsening neurologic function with lower core temperature

B. Guaranteed normal cognition at every temperature

C. Only skin color changes as temperature falls

D. Immediate fever after cooling

E. No effect on respiratory physiology

Original table 90.1  |  Nelson printed p. 658  |  PDF p. 704

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19

658  Part VII  u  Emergency Medicine, Critical Care, and Anesthesia

and ease of layering are factors to be considered when choosing 
clothing. Removing a layer while engaging in aerobic activity helps 
prevent sweating and subsequent evaporative heat loss; replacing 
it when activity slows prevents loss by radiation through the inad-
equate insulation. Socks and gloves should fit properly, without 
circulatory impingement, and be constructed of materials other 
than cotton. Covering the head and face prevents losses through 
these exposed areas. Infants and young children will lose more heat 
by radiation through the head than adults because of its relatively 
increased surface area. The utilization of wind-blocking materials 
mitigates loss due to convection, and waterproofing keeps clothing 
dry and minimizes losses resulting from convection and radiation. 
Additional preventative measures are ensuring adequate nutrition 
for the activity, recognizing an increased metabolic demand in the 
cold, and having access to shelter for warmth. 

Clinical Presentation of Hypothermia
Hypothermia is a cold injury syndrome with progressive signs and 
symptoms (see Table 90.1 and Fig. 90.2). The differential diagno-
sis is broad, and the clinician must be aware of the environment 
from which the patient presents. It is also essential that the clinician 
recognize that each patient is unique and presents with subtle dif-
ferences. A patient may continue to shiver below the 30°C (86°F) 
“cut-off ” but manifest all other signs of moderate to severe hypo-
thermia. Standard classification is based on measured core temper-
ature, whereas field classification is based on signs and symptoms 
(see Fig. 90.2). Treatment of all stages includes preventing further 
heat loss and initiating rewarming (Fig. 90.3). 

Table 90.1    � Physiologic Characteristics of the Four Zones of Hypothermia

STATE CORE TEMPERATURE °C (°F) CHARACTERISTICS

Mild 35 (95) Urine temperature, 34.8°C (94.6°F); increased shivering thermogenesis; increase in metabolic 
rate

34 (93.2) Amnesia and dysarthria develop; normal blood pressure; maximum respiratory stimulation

33 (91.4) Ataxia, apathy develop

Moderate 32 (89.6) Stupor; 25% decrease in oxygen consumption

31 (87.8) Decreased shivering thermogenesis

30 (86) Atrial fibrillation and other dysrhythmias; poikilothermia; pulse and cardiac output two-thirds 
normal; insulin ineffective

29 (85.2) Progressive decrease in level of consciousness, pulse, and respiration; pupils dilated

Severe 28 (82.4) Ventricular fibrillation susceptibility; 50% decrease in oxygen consumption and pulse

27 (80.6) Losing reflexes and voluntary motion

26 (78.8) Major acid-base disturbances; no reflexes or response to pain

25 (77) Cerebral blood flow one-third normal; cardiac output 45% normal; pulmonary edema may 
develop

24 (75.2) Significant hypotension

23 (73.4) No corneal or oculocephalic reflexes

22 (71.6) Maximum risk of ventricular fibrillation; 75% decrease in oxygen consumption

Profound 20 (68) Lowest resumption of cardiac electromechanical activity; pulse 20% of normal

19 (66.2) Flat electroencephalogram

18 (64.4) Asystole develops

14.2 (57.6) Lowest accidental hypothermia survival in an infant

13.7 (56.7) Lowest accidental hypothermia survival in an adult

9 (48.2) Lowest therapeutic hypothermia survival

From Zafren K, Danzl DF. Accidental hypothermia. In: Walls RM, Hockberger RS, Gausche-Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. Philadelphia: Elsevier; 2018, Table 
132.1, p. 1744.

J

Fig. 90.1  Characteristic J or Osborne wave of hypothermia (temp 
<32°C) closely follows QRS. It may be mistaken for a T wave with narrow 
QT interval if the true T wave is not appreciated. The slightly rounded 
peak distinguishes it from R′ of bundle branch block. (From Gunnarsson 
B, Heard CMB. Accidental hypothermia. In: Zimmerman JJ, Clark RSB, 
Fuhrman BP, et al., eds. Fuhrman & Zimmerman’s Pediatric Critical Care, 
6th ed. Elsevier: Philadelphia; 2022: Fig. 114.1, p. 1333.)
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A child after cold exposure has frostbitten fingers with redness and swelling but no blister or
tissue necrosis. Which grade from the table best fits?

A. Grade I

B. Grade II

C. Grade III

D. Grade IV

E. Unrelated chronic burn
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Suspect
hypothermia
Normal mental

status?

Signs of life or
organized rhythm
on ECG?
Respiration/pulse
check for up to 1 min

Shivering?

Shivering?

Functioning
normally/able

to care for self?

Yes

Yes

Yes

No

No

No

Yes

Conscious?

No

No

Yes

Yes

Lethal injury? or
Chest too stiff for
CPR? or
Avalanche burial
>35 min and airway
obstructed by snow?

Yes

No

No

Ensure Scene Safety
Handle gently. Keep horizontal.

Stabilize injuries. Consider causes of altered mental status other than hypothermia.

Severe/Profound Hypothermia <28°C

Treat as above

Intubate or use supraglottic device.
Anesthetic and paralytic drugs: Lower dosage and extend
dosing interval below 30°C.
• Ventilation: With advanced airway, ventilate at half 

standard (normothermic) rate.
• Without advanced airway, ventilate at standard rate or use 

ETCO2 to guide ventilation.
• Use supplemental O2, especially above 2500 m.
• Naso/orogastric tube if advanced airway in place.
CPR if no signs of life. (Can use cardiac monitor, ETCO2,
US to confirm)
• Chest compressions at standard normothermic rate.
• If �30°C VT or VF or AED advises shock: one shock at 

max power.
• Warm 1–2°C or �30°C prior to additional shocks.
• No vasoactive drugs until 30°C or above. From 30–35°C, 

increase dosing interval to twice as long as normal.
• CPR may be delayed or given intermittently if necessary to 

accomplish evacuation.
• No temperature cut-off for CPR.
No CPR if signs of life or perfusing rhythm (unless no
cardiac activity on US).
Consider transcutaneous pacing if bradycardic with
hypotension.
Terminate CPR if potassium >12.

Hospital with ICU
and ECC
capabilities if
possible.

During Transport

Handle gently.
Keep horizontal.
Continue
rewarming. Warm
ambulance or
helicopter to 24°C if
possible.

Moderate Hypothermia 28–32°C

Treat as above

Active warming: apply heat to upper torso: chest, axilla
and back. Use large heat pads, HPMK, Norwegian Heat
Pac, forced-air.
Monitor. Circulatory access: peripheral IV or IO or femoral
line.
Volume replacement: 40–42°C saline boluses. IV or IO
glucose.
No standing or walking.

Hemodynamically
stable: closest
hospital.
Otherwise:
hospital with ICU.
Hospital with ICU
and ECC
capabilities if
possible.

Mild Hypothermia 32–35°C

Protect from further cooling using insulation and vapor
barrier.
Seek shelter. Remove (cut off) wet clothing only with
shelter.
Measure temperature if possible.
Passive warming: Support shivering with calorie
replacement.
After protected from heat loss: No standing or walking for
30 min.
Active warming is beneficial. (See moderate hypothermia,
below.)

Cold Stressed - Not Hypothermic >35°C

Reduce heat loss, increase heat production.

Death

Do not resuscitate.

Not Hypothermic

Uninjured, alert
and shivering:
may not need
hospital.
Trauma patients:
active rewarming,
trauma center.
Asphyxiated
patients: closest
hospital for
observation.

Fig. 90.3  Recommendations for out-of-hospital evaluation and treatment of accidental hypothermia. AED, Automatic external defibrillator; CPR, 
cardiopulmonary resuscitation; ECC, extracorporeal circulation; ECG, electrocardiogram; ETCO2, end-tidal carbon dioxide; HPMK, Hypothermia 
Prevention Management Kit; ICU, intensive care unit; IO, intraosseous; IV, intravenous; US, ultrasound; VF, ventricular fibrillation; VT, ventricular 
tachycardia. (From Zafren K, Giesbrecht GG, Danzl DF, et al. Wilderness Medical Society practice guidelines for the out-of-hospital evaluation and 
treatment of accidental hypothermia: 2014 update. Wilderness Environ Med. 2014;25:S66–S85, Fig. 2.)

Table 90.2    � Different Degrees of Frostbite and Their Physiologic Characteristics

GRADE I INJURY GRADE II INJURY GRADE III INJURY GRADE IV INJURY

	•	 �Superficial
	•	 �Edema and redness without tissue 

necrosis in the affected area
	•	 �Numbness, firm white-yellow 

plaque
	•	 �No blisters or necrosis
	•	 �Occasional skin desquamation 

(5-10 days later)

	•	 �Blister formation
	•	 �Erythema, substantial edema
	•	 �Vesicles with clear or milky 

fluid
	•	 �Blisters
	•	 �Desquamation and black 

eschar formed

	•	 �Tissue necrosis
	•	 �Hemorrhagic deeper 

blisters
	•	 �Skin necrosis
	•	 �Blue-gray discoloration

	•	 �Development of gangrene, 
requiring amputation

	•	 �Full-thickness skin, subcutaneous 
tissue, muscle, tendon, and bone 
freezing

	•	 �Little edema
	•	 �Initially mottled, deep red or 

eventually dry, black, and mummified

Modified from Joshi K, Goyary D, Mazumder B, et al. Frostbite: Current status and advancements in therapeutics. J Therm Biol. 2020;93:102716, Table 1.
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A child previously had difficult mask ventilation during anesthesia. Which historical source
should the preanesthetic assessment specifically review?

A. Prior anesthetic records and airway details

B. The current medication list alone

C. The most recent routine growth chart alone

D. The standard preoperative laboratory panel alone

E. A caregiver report without prior airway documentation
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in children with seizure disorders because the seizure threshold may 
be lowered perioperatively. Children with obstructive hydrocephalus 
typically require ventriculoperitoneal (VP) shunt insertion to divert 
cerebrospinal fluid (CSF) and to prevent intracranial hypertension 
(ICH). Repeated shunt malfunction is common, and these children 
may present for shunt revision with signs of ICH (vomiting, altered 
mentation, sundowning). Similarly, shunt patency and function should 
be ensured preoperatively in children with VP shunts presenting for 
non-neurosurgical procedures. 

Psychologic Assessment
Surgery and painful medical procedures are psychologically traumatic 
events for children and families. Children who require anesthesia 
may experience fear and anxiety. They may also sense stressful sig-
nals from parents and caregivers. Children undergoing surgery may 
exhibit negative behavioral changes postoperatively. These maladap-
tive behavioral responses may include enuresis, separation anxiety, 
temper tantrums, and nighttime crying, as well as fear of strangers, 
medical providers, and hospitals. Sleep quality may be altered post-
operatively, resulting in further behavioral compromise. Preoperative 
psychologic preparation programs have been developed to reduce 
the incidence of perioperative behavioral changes. Parental presence 
during induction (PPI) has not been shown to improve postopera-
tive behavior. Oral preoperative midazolam (0.5 mg/kg) produces 

rapid-onset anxiolysis and amnesia and may decrease negative behav-
ioral changes. 

Genetic Evaluation
Children with genetic conditions may have syndrome-specific anes-
thetic considerations. For example, children with trisomy 21 may 
have cardiac anomalies, macroglossia, upper airway obstruction, 
and hypothyroidism (see Chapter 99.2). Atlantoaxial instability, 
common in trisomy 21, has been linked to cervical dislocation and 
spinal cord trauma with neck extension during intubation. Some 
anesthesiologists recommend extension and flexion lateral neck 
films to detect instability before surgery. For children with other 
known genetic disorders, it is essential to review specific anesthetic 
considerations. 

PREOPERATIVE PREPARATION
Preoperative Fasting
Preoperative fasting guidelines have been developed to reduce the inci-
dence of aspiration of gastric contents during anesthesia. Aspiration 
may lead to laryngospasm, bronchospasm, and postoperative pneumo-
nitis. Aspiration of gastric contents may be a potentially lethal com-
plication in children with chronic lung disease or critical illness. Table 
91.6 lists preoperative fasting guidelines (e.g., nothing by mouth, or nil 
per os [NPO] status). Clear, sweet liquids (e.g., Pedialyte, 5% dextrose 

Table 91.2    � The Preanesthetic History

Child’s Previous Anesthetic and Surgical Procedures
	•	 �Review previous anesthetic records:

Ease of mask ventilation
Grade of laryngoscopy; type and size of laryngoscope;  

endotracheal tube size
Issues during emergence (awakening) from anesthesia  

(postoperative vomiting, emergence delirium)
History of hyperthermia or acidosis in the child or family members

Perinatal Problems (Especially for Infants)
	•	 �Prematurity
	•	 �Need for supplemental oxygen or intubation and ventilation
	•	 �History of apnea and bradycardia
	•	 �History of cardiovascular compromise
	•	 �Other major illnesses and hospitalizations
	•	 �Family history of anesthetic complications, malignant  

hyperthermia, or pseudocholinesterase deficiency

Respiratory Problems
	•	 �Long-term exposure to environmental tobacco smoke
	•	 �Obstructive breathing score
	•	 �STBUR (snoring, trouble breathing, unrefreshed)
	•	 �Cyanosis (especially in infants <6 mo of age)
	•	 �Recurrent respiratory infections
	•	 �Recent lower respiratory tract infection
	•	 �Previous laryngotracheitis (croup) or laryngomalacia
	•	 �Reactive airway disease
	•	 �Airway abnormalities, facial anomalies, mucopolysaccharidosis

Cardiac Problems
	•	 �Murmur or history of congenital heart disease
	•	 �Dysrhythmia
	•	 �Exercise intolerance
	•	 �Syncope
	•	 �Cyanosis

Gastrointestinal Problems
	•	 �Reflux and vomiting
	•	 �Feeding difficulties
	•	 �Failure to thrive
	•	 �Liver disease
	•	 �Exposure to infectious pathogens

Neuromuscular Problems
	•	 �Neuromuscular diseases
	•	 �Developmental delay
	•	 �Myopathy
	•	 �Seizure disorder

Hematologic Problems
	•	 �Anemia
	•	 �Bleeding diathesis
	•	 �Tumor
	•	 �Immunocompromise
	•	 �Prior blood transfusions and reactions

Renal Problems
	•	 �Renal insufficiency, oliguria, anuria
	•	 �Fluid and electrolyte abnormalities

Psychosocial Considerations
	•	 �Drug abuse, use of cigarettes or alcohol
	•	 �Physical or sexual abuse
	•	 �Family dysfunction
	•	 �Previous traumatic medical or surgical experience
	•	 �Psychosis, anxiety, depression

Gynecologic Considerations
	•	 �Sexual history (sexually transmitted infections)
	•	 �Possibility of pregnancy

Current Medications
	•	 �Prior administration of corticosteroids

Allergies
	•	 �Drugs
	•	 �Iodine
	•	 �Latex products
	•	 �Surgical tape
	•	 �Food (especially soy and egg albumin)

Other
	•	 �Dental condition (loose or cracked teeth)
	•	 �When and what the child last ate (especially in emergency  

procedures)
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A child with poorly controlled asthma is scheduled for anesthesia. Which perioperative risk in
the disease-implications table warrants optimization?

A. Intraoperative bronchospasm

B. Obligatory atrioventricular block

C. Guaranteed lack of airway reactivity

D. Isolated postoperative alopecia

E. An unavoidable blood transfusion
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in water [D5W]) facilitate gastric emptying, prevent hypoglycemia, 
and may be given up to 2 hours before anesthesia. Breast milk may be 
given to infants up to 4 hours before surgery. Solids should be avoided 
for 6-8 hours before surgery. Conditions associated with delayed gas-
tric emptying may require prolonged periods of fasting. The optimal 

duration of preoperative fasting in otherwise well patients without risk 
factors for delayed gastric emptying remains a source of controversy. 
Many efforts have sought to shorten NPO duration for clear liquids 
from 2 hours to 1 hour in order to preserve fluid and glycemic balance 
in children presenting for surgery.

Table 91.3    � Specific Pediatric Diseases and Their Anesthetic Implications

DISEASE IMPLICATIONS

RESPIRATORY SYSTEM
Asthma Intraoperative bronchospasm that may be life 

threatening
Pneumothorax or atelectasis
Optimal preoperative medical management is 

essential
Difficult airway Special equipment and personnel may be 

required
Should be anticipated with dysmorphic  

features or storage diseases
Patients with trisomy 21 may require  

atlantooccipital joint evaluation
Increased risk with acute airway obstruction, 

epiglottitis, laryngotracheobronchitis, or 
airway foreign body

Bronchopulmonary 
dysplasia

Barotrauma with positive pressure ventilation
Oxygen toxicity, pneumothorax a risk

Cystic fibrosis Airway reactivity, bronchorrhea, increased  
intraoperative pulmonary shunt and hypoxia

Risk of pneumothorax, pulmonary hemorrhage
Atelectasis, risk of prolonged postoperative 

ventilation
Patient should be assessed for cor pulmonale

Sleep apnea Pulmonary hypertension and cor pulmonale 
must be excluded

Careful postoperative observation for  
obstruction required

CARDIAC
Bacterial endocarditis prophylaxis as indicated
Use of air filters; careful purging of air from the 

intravenous equipment
Physician must understand the effects of  

various anesthetics on the hemodynamics  
of specific lesions

Possible need for preoperative evaluation of 
myocardial function and pulmonary vascular 
resistance

Provide information about pacemaker function 
and ventricular device function

HEMATOLOGIC
Sickle cell disease Possible need for simple or exchange  

transfusion based on preoperative  
hemoglobin concentration and percentage 
of hemoglobin S

Avoid hypoxemia, hypothermia, dehydration, 
and hyperviscosity states

Oncology Pulmonary evaluation of patients who have 
received bleomycin, bis-chloroethyl-nitrosourea, 
chloroethyl-cyclohexyl-nitrosourea,  
methotrexate, or radiation to the chest

Avoidance of high oxygen concentration
Cardiac evaluation of patients who have  

received anthracyclines; risk of severe  
myocardial depression with volatile agents

Potential for coagulopathy

RHEUMATOLOGIC
Limited mobility of the temporomandibular 

joint, cervical spine, arytenoid cartilages
Careful preoperative evaluation required
Possible difficult airway

DISEASE IMPLICATIONS

GASTROINTESTINAL
Esophageal, 

gastric
Potential for reflux and aspiration

Liver Altered metabolism of many anesthetic drugs
Potential for coagulopathy and uncontrollable 

intraoperative bleeding

RENAL
Altered electrolyte and acid-base status
Altered clearance of many anesthetic drugs
Need for preoperative dialysis in selected cases
Succinylcholine to be used with extreme 

caution and only when the serum potassium 
level has recently been shown to be normal

NEUROLOGIC
Seizure disorder Avoidance of anesthetics that may lower the 

seizure threshold
Optimal control ascertained preoperatively
Preoperative serum anticonvulsant  

measurements
Increased 

intracranial 
pressure

Avoidance of agents that increase cerebral 
blood flow

Maintain cerebral perfusion pressure.
Neuromuscular 

disease
Avoidance of depolarizing relaxants; at risk for 

hyperkalemia
Patient may be at risk for malignant hyperthermia; 

avoid volatile anesthetics in myopathies
Developmental 

delay
Patient may be uncooperative during induction 

and emergence
Psychiatric Monoamine oxidase inhibitor (or cocaine)  

may interact with meperidine, resulting in  
hyperthermia and seizures

Selective serotonin reuptake inhibitors may 
induce or inhibit various hepatic enzymes that 
may alter anesthetic drug clearance

Illicit drugs may have adverse effects on  
cardiorespiratory homeostasis and may  
potentiate the action of anesthetics

ENDOCRINE
Diabetes Greatest risk is unrecognized intraoperative 

hypoglycemia; intraoperative blood glucose 
level monitoring needed especially when 
insulin is administered

SKIN
Burns Difficult airway

Fluid shifts
Bleeding
Risk of rhabdomyolysis and hyperkalemia from 

succinylcholine after burns for many months

IMMUNOLOGIC
Retroviral drugs may inhibit benzodiazepine 

clearance
Immunodeficiency requires careful infection 

control practices
Cytomegalovirus-negative blood products,  

irradiation, or leukofiltration may be required

METABOLIC
Careful assessment of glucose homeostasis in 

infants
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A child with Pierre Robin sequence needs anesthesia. Which preparation follows from its
inclusion in the difficult-airway list?

A. Anticipate difficult airway and plan appropriate personnel and equipment

B. Assume routine mask ventilation is guaranteed

C. Avoid airway assessment

D. Postpone all nutrition for a month

E. Limit evaluation to a urine dipstick
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The Full Stomach
Gastric emptying may be delayed for up to 96 hours after an acute epi-
sode of trauma or surgical illness. To mitigate risk of aspiration, it is 
desirable to secure the airway as rapidly as possible during induction of 
anesthesia in patients at risk for having a full stomach. Under these cir-
cumstances, rapid sequence induction of anesthesia is indicated (rapid 
sequence induction; see Chapter 86). 

Parental Presence During Induction of Anesthesia
Parents or guardians may expect to be with their child during the 
induction of anesthesia. Removing a fearful child from a parent is 
stressful for the child and caregivers. Premedication with an oral 
benzodiazepine (e.g., midazolam) frequently provides calm, smooth 
parental separation conditions. When parental separation cannot be 
achieved comfortably with premedication and behavioral modification 
(patient education and desensitization to the operative environment), 
PPI may be indicated. Although PPI in the hands of a confident, com-
petent anesthesia practitioner may replace the need for preoperative 
medication, it does not reliably predict smooth induction. PPI has not 
been shown to decrease emergence delirium or postoperative behav-
ioral changes, and it does not appear to be superior to premedication 
with oral midazolam. 

GENERAL ANESTHESIA
Analgesia
Pediatric anesthesiologists are responsible for providing analgesia to 
children for procedures within operating room (OR) and non-OR set-
tings (Table 91.7). Multimodal techniques exist to provide pain relief 
during operative procedures for children of all ages, including critically 
ill infants. Effective analgesia is essential to blunt physiologic responses 

to painful stimuli (surgery) and modulate the deleterious physiologic 
and metabolic consequences. The response to painful and stressful 
stimuli may provoke systemic inflammatory response syndrome 
(SIRS), which has been linked to increased catabolism, physiologic 
instability, and mortality (see Chapter 85). 

Hypnosis and Amnesia
The attenuation of both consciousness (hypnosis) and conscious 
recall (amnesia) is critical during pediatric anesthesia care. Aware-
ness during procedures may be as physically and psychologically 
deleterious as the experience of pain. A primary goal of anesthetic 
management is to minimize fear and anxiety during both painful and 
nonpainful procedures. Many drugs provide anxiolysis and amnesia 
for such events (Table 91.8). However, it is important to remember that 
sedative-hypnotic agents may alter consciousness without producing 
analgesia; analgesia and hypnosis are not synonymous. It is also pos-
sible to provide analgesia (local, spinal, or epidural) without altering 
consciousness.

Sedation describes a medically induced state in the continuum 
between wakefulness and general anesthesia in which patients maintain 
the ability to respond purposefully to varying degrees of stimulation 
(see Table 91.7). Light (minimal) sedation is defined as anxiolysis with 
minimally reduced reflexes or airway patency with normal response 
to verbal commands. In moderate sedation, the patient continues to 
respond purposefully to verbal commands, either alone or with light 
touch. Deep sedation is defined by preservation of purposeful move-
ment with repeated or painful stimulation. General anesthesia is 
characterized by unconsciousness, amnesia, and reduced physiologic 
reflexes, including cardiorespiratory reflexes (airway-protective and 
vasomotor reflexes). It is common to transition between states of seda-
tion and general anesthesia with loss of consciousness, airway patency, 
and airway-protective reflexes; in this scenario, loss of cardiovascular 
stability may occur. Individuals providing sedation and anesthesia for 
children must be able to identify the anesthetic state of the patient and 
support cardiorespiratory insufficiency. 

Akinesia (Immobility or Muscular Relaxation)
Akinesia, the absence of movement, is commonly indicated to ensure 
safe and adequate operative conditions. Neuromuscular blocking 
agents (NMBAs) may be used to produce akinesia (see Table 91.8). 
However, the absence of movement is not indicative of hypnosis, 
amnesia, or analgesia. Whenever NMBAs are used, sedation and anal-
gesia must be provided. 

Monitoring
Administration of anesthesia increases the need to monitor and sup-
port physiologic integrity and homeostasis because of potentially 
life-threatening physiologic consequences (see Tables 91.7 and 91.8). 
Consequently, the ASA mandates routine monitoring of oxygenation, 
ventilation, and circulation during the provision of anesthesia. This 
includes assessment of continuous pulse oximetry, capnography, elec-
trocardiography, intermittent blood pressure measurements (every 5 
minutes), and temperature when temperature instability is anticipated. 
The use of advanced invasive (arterial and central venous pressure) or 
noninvasive (near-infrared spectroscopy) monitoring varies based on 
procedural complexity and ASA-PS. 

Table 91.4    � American Society of Anesthesiology Physical 
Status Classification

Class 1: Healthy patient, no systemic disease
Class 2: Mild systemic disease with no functional limitations (mild 

chronic renal failure, iron-deficiency anemia, mild asthma)
Class 3: Severe systemic disease with functional limitations 

(hypertension, poorly controlled asthma or diabetes, congenital 
heart disease, cystic fibrosis)

Class 4: Severe systemic disease that is a constant threat to life 
(critically and/or acutely ill patients with major systemic disease)

Class 5: Moribund patients not expected to survive 24 hr, with or 
without surgery

Additional classification: “E”—emergency surgery

Copyright American Society of Anesthesiology, http://www.asahq.org.

Table 91.5    � Common Difficult Airway Syndromes

Achondroplasia
Airway tumors, hemangiomas
Apert syndrome
Beckwith-Wiedemann syndrome
Choanal atresia
Cornelia de Lange syndrome
Cystic hygroma/teratoma
DiGeorge syndrome
Fractured mandible
Goldenhar syndrome
Juvenile rheumatoid arthritis
Mucopolysaccharidosis
Pierre Robin syndrome
Smith-Lemli-Opitz syndrome
Treacher-Collins syndrome
Trisomy 21
Turner syndrome

Table 91.6    � Guidelines for Preoperative Fasting  
(“2-4-6-8 Rule”)*

TIME BEFORE SURGERY (hr) ORAL INTAKE

2 Clear, sweet liquids

4 Breast milk

6 Infant formula, fruit juices, gelatin

8 Solid food

*These are general guidelines and may differ among hospitals.
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A toddler is scheduled for procedural sedation. Which safety preparation is included in the
systematic approach table?

A. Review airway and comorbidities and prepare correctly sized rescue equipment

B. Skip a pre-sedation assessment

C. Use an adult fixed dose in all children

D. Avoid monitoring vital signs

E. Omit informed consent
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See also Chapters 91 and 93.
Sedation describes the continuum between wakefulness and gen-

eral anesthesia (see Table 91.7). Many of the same medications used to 
induce general anesthesia may be used to provide sedation (see Table 
91.8). Analogous to the provision of anesthesia, performance of pro-
cedural sedation requires a comprehensive presedation evaluation, 
intraprocedural monitoring, and postsedation recovery care. The term 
conscious sedation refers to a condition in which a patient is sleepy, 
comfortable, and cooperative but maintains airway-protective and ven-
tilatory reflexes. Depending on the choice of pharmacotherapy, seda-
tion may not provide analgesia. Sedation that is sufficient to obtund 
painful responses describes deep sedation. Deep sedation is a state 
of unarousability to voice and may be accompanied by suppression of 
reflex responses, with preservation of ability to respond purposefully to 
repeated or painful stimulation.

Pediatric procedural sedation requires vigilance and knowledge to 
ensure safety and is governed by the same guidelines as anesthesia care 
(Table 92.1). Adherence to guidelines for appropriate monitoring and 
management of sedation in children is imperative. Sedative doses that 
cause minimal sedation in one patient may produce complete uncon-
sciousness and apnea in another. Anxiolysis or light sedation with chlo-
ral hydrate, benzodiazepines, and dexmedetomidine is often sufficient 
for nonpainful procedures. The use of dexmedetomidine for proce-
dural sedation is safe, but recovery time can be prolonged and suc-
cess variable. For painful procedures (e.g., bone marrow aspiration), 
the combination of hypnosis and analgesia is required. The addition 
of opioids to sedation regimens increases the risk of respiratory insuf-
ficiency. Short-acting anesthetics (e.g., propofol, methohexital, remi-
fentanil) provide effective procedural sedation, but their use carries a 
higher likelihood of inadvertent induction of general anesthesia. Use of 

these medications requires the presence of an anesthesiologist and/or 
specially trained, experienced, credentialed, and qualified physicians.

Many pediatric subspecialists provide sedation and anesthesia care 
for children. The use of anesthetic agents is not limited to anesthesi-
ologists, but anesthesiology departments are obligated to help develop, 
manage, and oversee sedation services. Together, hospitals and provid-
ers, including anesthesiologists, share responsibility for the oversight 
and credentialing of individuals administering sedation and anesthesia.

The elements of a safe pediatric procedural sedation system include 
the following:
	•	 �Clearly defined knowledge and skill sets
	•	 �Adequate prerequisite training
	•	 �Credentialing of providers
	•	 �Maintenance of certification
	•	 �Ensuring that sedation sites meet recognized standards
	•	 �Continuous quality improvement

Table 92.2 provides an approach to proper language to help the child 
cope with procedural pain.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Chapter 92

Procedural Sedation
John P. Scott

Table 92.1    � Systematic Approach to Sedation in Children

Comprehensive medical history and organ system assessment,  
anticipating underlying medical problems that predispose the 
patient to anesthetic complications

Careful physical examination focused on the cardiorespiratory  
system and airway

Appropriate fasting
Informed consent
Pediatric drug dosing (mg/kg)
Appropriately sized equipment
Documentation of vital signs and condition on a time-based record
Rapid response (“code”) team to respond to emergencies with 

“crash cart”
Fully equipped and staffed recovery area
Discharge criteria documenting recovery from sedation

Table 92.2    � Suggested Language for Parents and Healthcare Providers

LANGUAGE TO AVOID LANGUAGE TO USE

You will be fine; there is nothing to worry about. (reassurance) What did you do in school today? (distraction)

This is going to hurt/this will not hurt. (vague; negative focus) It might feel like a pinch. (sensory information)

The nurse is going to take some blood. (vague information) First, the nurse will clean your arm, you will feel the cold alcohol pad, and next  
. . . (sensory and procedural information)

You are acting like a baby. (criticism) Let’s get your mind off of it; tell me about that film . . . (distraction)

It will feel like a bee sting. (negative focus) Tell me how it feels. (information)

The procedure will last as long as . . . (negative focus) The procedure will be shorter than . . . (television program or other familiar time 
for child) (procedural information; positive focus)

The medicine will burn. (negative focus) Some children say they feel a warm feeling. (sensory information; positive focus)

Tell me when you are ready. (too much control) When I count to 3, blow the feeling away from your body. (coaching to cope; 
distraction-limited control)

I am sorry. (apologizing) You are being very brave. (praise; encouragement)

Do not cry. (negative focus) That was hard; I am proud of you. (praise)

It is over. (negative focus) You did a great job doing the deep breathing, holding still . . . (labeled praise)

Adapted from Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of pain in children in the emergency department. Lancet. 2016;387:83–92.
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A child with a fresh superficial burn reports sharp, well-localized pain. Which pain category in
the table fits?

A. Somatic pain

B. Visceral pain

C. Neuropathic pain only

D. Psychogenic pain by definition

E. No pain category
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Fig. 93.1  Brain pathways, regions, and networks involved in acute and chronic pain. ACC, Anterior cingulate cortex; PCC, posterior cingulate cor-
tex; BG, basal ganglia; HT, hypothalamus; PAG, periaqueductal gray; PB, parabrachial nuclei; PFC, prefrontal cortex; PPC, posterior parietal cortex; 
SMA, supplementary motor area; RVM, rostral ventromedial medulla. (A, left panel from Apkarian AV, Bushnell MC, Treede RD, Zubieta JK. Human 
brain mechanisms of pain perception and regulation in health and disease. Eur J Pain. 2005;9:463–484; A, right panel from Schweinhardt P, Bushnell 
MC. Pain imaging in health and disease—how far have we come? J Clin Invest. 2010;120:3788–3797; B from Davis KD, Flor H, Greely HT, et al. Brain 
imaging tests for chronic pain: Medical, legal and ethical issues and recommendations. Nat Rev Neurol. 2017;13:624–638.)

Table 93.1    � Pain Categories and Characteristics

PAIN CATEGORY DEFINITION EXAMPLES CHARACTERISTICS

Somatic Pain resulting from injury to or 
inflammation of tissues (e.g., 
skin, muscle, tendons, bone, 
joints, fascia, vasculature)

Burns, lacerations, fractures, 
infections, inflammatory 
conditions

In skin and superficial structures: sharp, pulsatile, well  
localized

In deep somatic structures: dull, aching, pulsatile, not well 
localized

Visceral Pain resulting from injury to or 
inflammation of viscera

Angina, hepatic distention, 
bowel distention or  
hypermobility, pancreatitis

Aching and cramping; nonpulsatile; poorly localized (e.g., 
appendiceal pain perceived around umbilicus) or referred 
to distant locations (e.g., angina perceived in shoulder)

Neuropathic Pain resulting from injury  
to, inflammation of, or  
dysfunction of the peripheral 
or central nervous system

Complex regional pain  
syndrome (CRPS),  
phantom limb pain, 
Guillain-Barré syndrome, 
sciatica

Spontaneous; burning; lancinating or shooting; dysesthesias  
(pins and needles, electrical sensations); hyperalgesia 
(amplification of noxious stimuli); hyperpathia (widespread 
pain in response to a discrete noxious stimulus); allodynia 
(pain in response to nonpainful stimulation); pain may be 
perceived distal or proximal to site of injury, often  
corresponding to innervation pathways (e.g., sciatica)
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A verbal 11-year-old can reliably describe pain during a clinic visit. Which type of pain
assessment approach in the table is appropriate for self-report?

A. A visual analog scale

B. A neonatal CRIES scale alone

C. Only heart rate without asking the child

D. Only parental guessing

E. A coma score

Original table 93.2  |  Nelson printed p. 679  |  PDF p. 725

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 26
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Behavioral Indicators

Facial grimacing: The Neonatal Facial Coding System uses several 
facial actions that may be indicators of pain. Pain is characterized by a 
bulging brow with tight creases in between; tightly closed eyelids; a 
deeply furrowed nasolabial groove; a horizontal, wide opened mouth;
and a taut tongue that may be quivering along with the chin. 

Crying: May be an indicator of pain.

Activity: Withdrawal or immobilization of a limb may be an indicator of 
pain. 

Response to comfort measures: Feeding, swaddling, holding, and 
ensuring that the infant is neither wet nor cold may help to discriminate 
between pain and other conditions.

Physiologic indicators: Alterations in heart rate, blood pressure, SpO2, 
respiratory rate, or alterations in pattern of respiration may be 
nonspecific indicators of pain. 

Self-Report of Pain

Categorical description: Toddlers or young children are asked to say if they are 
having "a little bit," a "middle amount," or "a lot" of pain.

Faces Scales: Children who do not have an appreciation of ordinal numbering 
are asked to rate their pain based upon cartoons depicting facial indicators of distress.

Numerical Rating Scale (NRS): Older children and teenagers are asked to rate their
pain on a scale of "0" (no pain) to "10" (worst pain).

Visual Analog Scale (VAS): Children or teenagers are asked to move an indicator along
a mechanical slide to depict the level of pain; the clinician reads a number along a
10-cm indicator on the back to determine the numeric score.

0 2 4 6 8 10

Fig. 93.2  Clinically useful pain assessment tools. (Adapted from Burg FD, Ingelfinger JR, Polin RA, et al., eds. Current Pediatric Therapy, 18th ed. 
Philadelphia: Saunders; 2006:16; and Hicks CL, von Baeyer CL, Spafford P, et al. The Faces Pain Scale—revised: Toward a common metric in pediatric 
pain measurement. Pain. 2001;93:173–183.)

Table 93.2    � Pain Measurement Tools

NAME FEATURES AGE RANGE ADVANTAGES
VALIDATION AND 

USES LIMITATIONS

Visual Analog Scale 
(VAS)

Horizontal 10-cm line; 
subject marks a spot 
on the line between 
anchors of “no 
pain” and “most 
pain imaginable”

6-8 yr and older Good psychometric 
properties;  
validated for  
research purposes

Acute pain
Surgical pain
Chronic pain

Cannot be used in younger 
children or in those with 
cognitive limitations

Requires language skills 
and numerical processing; 
upper anchor of “most 
pain” requires an 
experiential reference 
point that is lacking in 
many children

Numerical Rating 
Scale (NRS)

Integers from 0 
to 10, inclusive, 
corresponding to a 
range from no pain 
to most pain

6-8 yr and older Good psychometric 
properties; 
validated for 
research purposes

Acute pain
Surgical pain
Chronic pain

Same as for VAS

Faces Scales (e.g., 
FACES-R, Wong-
Baker, Oucher, Bieri, 
McGrath scales)

Subjects rate their 
pain by identifying 
with line drawings of 
faces or photos of 
children

3 yr and older Can be used at 
younger ages than 
VAS and NRS

Acute pain
Surgical pain

Choice of “no pain” face 
affects responses (neutral 
vs smiling); not culturally 
universal

Behavioral or 
combined 
behavioral-
physiologic scales 
(e.g., FLACC, 
N-PASS, CHEOPS, 
OPS, FACS, NIPS)

Scoring of observed 
behaviors (e.g., 
facial expression, 
limb movement) 
± heart rate and 
blood pressure

Some work for 
any ages; some 
work for specific 
age-groups, 
including 
preterm infants

May be used in 
both infants and 
nonverbal children

FLACC, N-PASS:
Acute pain
Surgical pain

Nonspecific; overrates pain 
in toddlers and preschool 
children; underrates 
persistent pain; some 
measures are convenient, 
but others require 
videotaping and complex 
processing; vital sign 
changes unrelated to pain 
can occur and may affect 
total score

Autonomic measures 
(e.g., heart rate, 
blood pressure, 
heart rate spectral 
analyses)

Scores changes in 
heart rate, blood 
pressure, or 
measures of heart 
rate variability (e.g., 
“vagal tone”)

All ages Can be used at all 
ages; useful for 
patients receiving 
mechanical 
ventilation

Nonspecific; vital sign 
changes unrelated to 
pain may occur and may 
artifactually increase or 
decrease score

Hormonal-metabolic 
measures

Plasma or salivary 
sampling of 
“stress” hormones 
(e.g., cortisol, 
epinephrine)

All ages Can be used at all 
ages

Nonspecific; changes  
unrelated to pain can 
occur; inconvenient; cannot 
provide “real-time”  
information; standard 
normal values not available 
for every age bracket

VAS, visual analog scale; NRS, numerical rating scale; FLACC, face, legs activity, cry, and consolability pain scale for preverbal/nonverbal patients; N-PASS, neonatal pain agitation 
and sedation scale.
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A preverbal infant has new grimacing, clenched fingers, tachycardia, and increased respiratory
rate after a procedure. Which interpretation follows the table?

A. The findings may reflect pain and merit assessment

B. The infant cannot experience pain

C. Only spoken complaints can indicate pain

D. Tachycardia excludes pain

E. Facial expression is irrelevant

Original table 93.3  |  Nelson printed p. 680  |  PDF p. 726

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 27
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The Newborn and Infant
There are several behavioral distress scales for the infant and young child, 
mostly emphasizing the patient’s facial expressions, crying, and body 
movement. Facial expression measures appear most useful and specific 
in neonates. Autonomic and vital signs can indicate pain, but because 

they are nonspecific, they may reflect other processes, including fever, 
hypoxemia, and cardiac or renal dysfunction (Tables 93.3 and 93.4). 

The Older Child
Children age 3-7 years old become increasingly articulate in describ-
ing the intensity, location, and quality of pain. Pain is occasionally 
referred to adjacent areas; referral of hip pain to the thigh or area 
above the knee is common in this age range. Self-report measures for 
children this age include using drawings, pictures of faces, or graded 
color intensities. Children ≥8 years old can usually use verbal numer-
ical rating scales (NRS) or visual analog pain scales (VAS) accurately 
(see Fig. 93.2). Verbal numerical ratings are preferred and considered 
the gold standard: valid and reliable ratings can be obtained from 
children ≥8 years of age. The NRS consists of numbers from 0 to 10, 
in which 0 represents no pain and 10 represents very severe pain. 
There is debate about the label for the highest pain rating, but the cur-
rent agreement is not to use the phrase “worst pain possible,” because 
children can always imagine a greater pain. In the United States, 
regularly documented pain assessments are required for hospitalized 
children and children attending outpatient hospital clinics and emer-
gency departments. Pain scores do not always correlate with changes 
in heart rate or blood pressure. 

The Cognitively Impaired Child
Measuring pain in cognitively impaired children remains a challenge. 
Understanding pain expression and experience in this population is 
important because behaviors may be misinterpreted as indicating that 
cognitively impaired children are more insensitive to pain than neuro-
typical children. Children with trisomy 21 may express pain less pre-
cisely and more slowly than the general population. Pain in children 
with autism spectrum disorder (ASD) may be difficult to assess because 
these children may be both hyposensitive and hypersensitive to many 
different types of sensory stimuli, and they may have limited commu-
nication abilities. Although self-reports of pain can be elicited from 
some children who are cognitively impaired, observational measures 
have better validation among these children. The Noncommunicat-
ing Child’s Pain Checklist—Postoperative Version is recommended 
for children up to 18 years old. In addition, the FLACC pain scale has 
been validated in nonverbal and cognitively impaired children (Table 
93.5). Maladaptive behaviors and reduction in function may also indi-
cate pain. Children with severe cognitive impairments experience pain 
frequently, and children with the fewest abilities experience the most 
pain. For this reason, providers must be able to recognize subtle signs 
and symptoms of pain (see Table 93.3) 

Table 93.4    � CRIES Neonatal Pain Assessment Scale

0 1 2

Crying No High pitched 
but consolable

Inconsolable

Requires oxygen for 
saturation >95%

No FiO2 <30% FiO2 >30%

Increased vital signs No HR or BP <20% HR or BP >20%

Expression No Grimace Grimace and grunt

Sleepless No Wakes often Constantly awake

Score <4 initiate nonpharmacologic measures
Score >4 initiate pharmacologic and nonpharmacologic measures
BP, Blood pressure; HR, heart rate.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. 
Philadelphia: Elsevier; 2022, Table 23.2, p. 487.

Table 93.5    � Revised FLACC for Pain Assessment in the Cognitively Impaired*

0 1 2

Face No particular expression or 
smile

Occasional grimace/frown; withdrawn or 
disinterested (appears sad or worried)

Consistent grimace or frown; frequent/constant 
quivering chin, clenched jaw (distressed-
looking face; expression of fright or panic)

Legs Normal position or relaxed Uneasy, restless, tense (occasional  
tremors)

Kicking or legs drawn up (marked increase in 
spasticity, constant tremors, or jerking)

Activity Lying quietly, normal position, 
moves easily

Squirming, shifting back and forth, tense 
(mildly agitated [e.g., head back and 
forth, aggression]; shallow, splinting 
respirations, intermittent sighs)

Arched, rigid, or jerking (severe agitation, head 
banging; shivering [not rigors]; breath-holding, 
gasping or sharp intake of breath; severe 
splinting)

Cry No cry (awake or asleep) Moans or whimpers, occasional complaint 
(occasional verbal outburst or grunt)

Crying steadily, screams or sobs, frequent 
complaints (repeated outbursts, constant 
grunting)

Consolability Content, relaxed Reassured by occasional touching, 
hugging, or talking; distractible

Difficult to console or comfort (pushing away 
caregiver, resisting care or comfort measures)

*Revised descriptors for children with disabilities shown in brackets.
0= Relaxed/comfortable
1–3 = Mild discomfort
4–6 = Moderate pain
7–10 = Severe pain
FLACC Scoring System: May be used in preverbal, mechanically ventilated, or cognitively impaired patients; it is an acronym that includes 5 indicators, each scored as a 0, 1, or 2, that 

form a 10-point composite scale with a range from 0 (no pain) to 10 (worst pain). FLACC: Score each category between 0 and 2. The total score may be any number from 0 to 10.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 23.3, p. 488.

Table 93.3    � Signs and Symptoms of Pain in Infants and 
Young Children

PHYSIOLOGIC CHANGES
	•	 �Increase in heart rate,  

respiratory rate, blood  
pressure, muscle tone

	•	 �Oxygen desaturation
	•	 �Sweating
	•	 �Flushing
	•	 �Pallor

BEHAVIORAL CHANGES
	•	 �Change in facial expression 

(grimacing, furrowing of the 
brow, nasal flaring, deep 
nasolabial groove, curving of 
the tongue, quivering of the 
chin)

	•	 �Finger clenching
	•	 �Thrashing of limbs
	•	 �Writhing
	•	 �Back arching
	•	 �Head banging
	•	 �Poor feeding
	•	 �Sleep disturbance
	•	 �Pseudoparalysis

From Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of 
pain in children in the emergency department. Lancet. 2016;387:83–92.
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A newborn after surgery has inconsolable crying, requires extra oxygen, shows raised vital
signs, grimaces, and remains awake. Which tool in the table is designed to combine these
domains?

A. CRIES neonatal pain scale

B. NEXUS

C. Gomez classification

D. Lake Louise score

E. Phoenix Sepsis Score

Original table 93.4  |  Nelson printed p. 680  |  PDF p. 726

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 28
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The Newborn and Infant
There are several behavioral distress scales for the infant and young child, 
mostly emphasizing the patient’s facial expressions, crying, and body 
movement. Facial expression measures appear most useful and specific 
in neonates. Autonomic and vital signs can indicate pain, but because 

they are nonspecific, they may reflect other processes, including fever, 
hypoxemia, and cardiac or renal dysfunction (Tables 93.3 and 93.4). 

The Older Child
Children age 3-7 years old become increasingly articulate in describ-
ing the intensity, location, and quality of pain. Pain is occasionally 
referred to adjacent areas; referral of hip pain to the thigh or area 
above the knee is common in this age range. Self-report measures for 
children this age include using drawings, pictures of faces, or graded 
color intensities. Children ≥8 years old can usually use verbal numer-
ical rating scales (NRS) or visual analog pain scales (VAS) accurately 
(see Fig. 93.2). Verbal numerical ratings are preferred and considered 
the gold standard: valid and reliable ratings can be obtained from 
children ≥8 years of age. The NRS consists of numbers from 0 to 10, 
in which 0 represents no pain and 10 represents very severe pain. 
There is debate about the label for the highest pain rating, but the cur-
rent agreement is not to use the phrase “worst pain possible,” because 
children can always imagine a greater pain. In the United States, 
regularly documented pain assessments are required for hospitalized 
children and children attending outpatient hospital clinics and emer-
gency departments. Pain scores do not always correlate with changes 
in heart rate or blood pressure. 

The Cognitively Impaired Child
Measuring pain in cognitively impaired children remains a challenge. 
Understanding pain expression and experience in this population is 
important because behaviors may be misinterpreted as indicating that 
cognitively impaired children are more insensitive to pain than neuro-
typical children. Children with trisomy 21 may express pain less pre-
cisely and more slowly than the general population. Pain in children 
with autism spectrum disorder (ASD) may be difficult to assess because 
these children may be both hyposensitive and hypersensitive to many 
different types of sensory stimuli, and they may have limited commu-
nication abilities. Although self-reports of pain can be elicited from 
some children who are cognitively impaired, observational measures 
have better validation among these children. The Noncommunicat-
ing Child’s Pain Checklist—Postoperative Version is recommended 
for children up to 18 years old. In addition, the FLACC pain scale has 
been validated in nonverbal and cognitively impaired children (Table 
93.5). Maladaptive behaviors and reduction in function may also indi-
cate pain. Children with severe cognitive impairments experience pain 
frequently, and children with the fewest abilities experience the most 
pain. For this reason, providers must be able to recognize subtle signs 
and symptoms of pain (see Table 93.3) 

Table 93.4    � CRIES Neonatal Pain Assessment Scale

0 1 2

Crying No High pitched 
but consolable

Inconsolable

Requires oxygen for 
saturation >95%

No FiO2 <30% FiO2 >30%

Increased vital signs No HR or BP <20% HR or BP >20%

Expression No Grimace Grimace and grunt

Sleepless No Wakes often Constantly awake

Score <4 initiate nonpharmacologic measures
Score >4 initiate pharmacologic and nonpharmacologic measures
BP, Blood pressure; HR, heart rate.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. 
Philadelphia: Elsevier; 2022, Table 23.2, p. 487.

Table 93.5    � Revised FLACC for Pain Assessment in the Cognitively Impaired*

0 1 2

Face No particular expression or 
smile

Occasional grimace/frown; withdrawn or 
disinterested (appears sad or worried)

Consistent grimace or frown; frequent/constant 
quivering chin, clenched jaw (distressed-
looking face; expression of fright or panic)

Legs Normal position or relaxed Uneasy, restless, tense (occasional  
tremors)

Kicking or legs drawn up (marked increase in 
spasticity, constant tremors, or jerking)

Activity Lying quietly, normal position, 
moves easily

Squirming, shifting back and forth, tense 
(mildly agitated [e.g., head back and 
forth, aggression]; shallow, splinting 
respirations, intermittent sighs)

Arched, rigid, or jerking (severe agitation, head 
banging; shivering [not rigors]; breath-holding, 
gasping or sharp intake of breath; severe 
splinting)

Cry No cry (awake or asleep) Moans or whimpers, occasional complaint 
(occasional verbal outburst or grunt)

Crying steadily, screams or sobs, frequent 
complaints (repeated outbursts, constant 
grunting)

Consolability Content, relaxed Reassured by occasional touching, 
hugging, or talking; distractible

Difficult to console or comfort (pushing away 
caregiver, resisting care or comfort measures)

*Revised descriptors for children with disabilities shown in brackets.
0= Relaxed/comfortable
1–3 = Mild discomfort
4–6 = Moderate pain
7–10 = Severe pain
FLACC Scoring System: May be used in preverbal, mechanically ventilated, or cognitively impaired patients; it is an acronym that includes 5 indicators, each scored as a 0, 1, or 2, that 

form a 10-point composite scale with a range from 0 (no pain) to 10 (worst pain). FLACC: Score each category between 0 and 2. The total score may be any number from 0 to 10.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 23.3, p. 488.

Table 93.3    � Signs and Symptoms of Pain in Infants and 
Young Children

PHYSIOLOGIC CHANGES
	•	 �Increase in heart rate,  

respiratory rate, blood  
pressure, muscle tone

	•	 �Oxygen desaturation
	•	 �Sweating
	•	 �Flushing
	•	 �Pallor

BEHAVIORAL CHANGES
	•	 �Change in facial expression 

(grimacing, furrowing of the 
brow, nasal flaring, deep 
nasolabial groove, curving of 
the tongue, quivering of the 
chin)

	•	 �Finger clenching
	•	 �Thrashing of limbs
	•	 �Writhing
	•	 �Back arching
	•	 �Head banging
	•	 �Poor feeding
	•	 �Sleep disturbance
	•	 �Pseudoparalysis

From Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of 
pain in children in the emergency department. Lancet. 2016;387:83–92.
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A child with severe cognitive impairment cannot give a standard pain self-report and shows
individualized pain behaviors. Which table-listed observational tool is designed for this setting?

A. Revised FLACC scale

B. Adult visual analog self-report alone

C. NEXUS

D. AVPU as the only pain measure

E. Lake Louise score
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The Newborn and Infant
There are several behavioral distress scales for the infant and young child, 
mostly emphasizing the patient’s facial expressions, crying, and body 
movement. Facial expression measures appear most useful and specific 
in neonates. Autonomic and vital signs can indicate pain, but because 

they are nonspecific, they may reflect other processes, including fever, 
hypoxemia, and cardiac or renal dysfunction (Tables 93.3 and 93.4). 

The Older Child
Children age 3-7 years old become increasingly articulate in describ-
ing the intensity, location, and quality of pain. Pain is occasionally 
referred to adjacent areas; referral of hip pain to the thigh or area 
above the knee is common in this age range. Self-report measures for 
children this age include using drawings, pictures of faces, or graded 
color intensities. Children ≥8 years old can usually use verbal numer-
ical rating scales (NRS) or visual analog pain scales (VAS) accurately 
(see Fig. 93.2). Verbal numerical ratings are preferred and considered 
the gold standard: valid and reliable ratings can be obtained from 
children ≥8 years of age. The NRS consists of numbers from 0 to 10, 
in which 0 represents no pain and 10 represents very severe pain. 
There is debate about the label for the highest pain rating, but the cur-
rent agreement is not to use the phrase “worst pain possible,” because 
children can always imagine a greater pain. In the United States, 
regularly documented pain assessments are required for hospitalized 
children and children attending outpatient hospital clinics and emer-
gency departments. Pain scores do not always correlate with changes 
in heart rate or blood pressure. 

The Cognitively Impaired Child
Measuring pain in cognitively impaired children remains a challenge. 
Understanding pain expression and experience in this population is 
important because behaviors may be misinterpreted as indicating that 
cognitively impaired children are more insensitive to pain than neuro-
typical children. Children with trisomy 21 may express pain less pre-
cisely and more slowly than the general population. Pain in children 
with autism spectrum disorder (ASD) may be difficult to assess because 
these children may be both hyposensitive and hypersensitive to many 
different types of sensory stimuli, and they may have limited commu-
nication abilities. Although self-reports of pain can be elicited from 
some children who are cognitively impaired, observational measures 
have better validation among these children. The Noncommunicat-
ing Child’s Pain Checklist—Postoperative Version is recommended 
for children up to 18 years old. In addition, the FLACC pain scale has 
been validated in nonverbal and cognitively impaired children (Table 
93.5). Maladaptive behaviors and reduction in function may also indi-
cate pain. Children with severe cognitive impairments experience pain 
frequently, and children with the fewest abilities experience the most 
pain. For this reason, providers must be able to recognize subtle signs 
and symptoms of pain (see Table 93.3) 

Table 93.4    � CRIES Neonatal Pain Assessment Scale

0 1 2

Crying No High pitched 
but consolable

Inconsolable

Requires oxygen for 
saturation >95%

No FiO2 <30% FiO2 >30%

Increased vital signs No HR or BP <20% HR or BP >20%

Expression No Grimace Grimace and grunt

Sleepless No Wakes often Constantly awake

Score <4 initiate nonpharmacologic measures
Score >4 initiate pharmacologic and nonpharmacologic measures
BP, Blood pressure; HR, heart rate.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. 
Philadelphia: Elsevier; 2022, Table 23.2, p. 487.

Table 93.5    � Revised FLACC for Pain Assessment in the Cognitively Impaired*

0 1 2

Face No particular expression or 
smile

Occasional grimace/frown; withdrawn or 
disinterested (appears sad or worried)

Consistent grimace or frown; frequent/constant 
quivering chin, clenched jaw (distressed-
looking face; expression of fright or panic)

Legs Normal position or relaxed Uneasy, restless, tense (occasional  
tremors)

Kicking or legs drawn up (marked increase in 
spasticity, constant tremors, or jerking)

Activity Lying quietly, normal position, 
moves easily

Squirming, shifting back and forth, tense 
(mildly agitated [e.g., head back and 
forth, aggression]; shallow, splinting 
respirations, intermittent sighs)

Arched, rigid, or jerking (severe agitation, head 
banging; shivering [not rigors]; breath-holding, 
gasping or sharp intake of breath; severe 
splinting)

Cry No cry (awake or asleep) Moans or whimpers, occasional complaint 
(occasional verbal outburst or grunt)

Crying steadily, screams or sobs, frequent 
complaints (repeated outbursts, constant 
grunting)

Consolability Content, relaxed Reassured by occasional touching, 
hugging, or talking; distractible

Difficult to console or comfort (pushing away 
caregiver, resisting care or comfort measures)

*Revised descriptors for children with disabilities shown in brackets.
0= Relaxed/comfortable
1–3 = Mild discomfort
4–6 = Moderate pain
7–10 = Severe pain
FLACC Scoring System: May be used in preverbal, mechanically ventilated, or cognitively impaired patients; it is an acronym that includes 5 indicators, each scored as a 0, 1, or 2, that 

form a 10-point composite scale with a range from 0 (no pain) to 10 (worst pain). FLACC: Score each category between 0 and 2. The total score may be any number from 0 to 10.
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 23.3, p. 488.

Table 93.3    � Signs and Symptoms of Pain in Infants and 
Young Children

PHYSIOLOGIC CHANGES
	•	 �Increase in heart rate,  

respiratory rate, blood  
pressure, muscle tone

	•	 �Oxygen desaturation
	•	 �Sweating
	•	 �Flushing
	•	 �Pallor

BEHAVIORAL CHANGES
	•	 �Change in facial expression 

(grimacing, furrowing of the 
brow, nasal flaring, deep 
nasolabial groove, curving of 
the tongue, quivering of the 
chin)

	•	 �Finger clenching
	•	 �Thrashing of limbs
	•	 �Writhing
	•	 �Back arching
	•	 �Head banging
	•	 �Poor feeding
	•	 �Sleep disturbance
	•	 �Pseudoparalysis

From Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of 
pain in children in the emergency department. Lancet. 2016;387:83–92.
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A child needs a nonopioid medication for inflammatory pain. Which drug class in the
medication table provides antiinflammatory action?

A. Nonsteroidal antiinflammatory drugs

B. Opioid receptor antagonists alone

C. Anticholinergics alone

D. Thiazide diuretics

E. Antifungal agents

Original table 93.6  |  Nelson printed p. 681  |  PDF p. 727

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 30

Chapter 93  u  Pediatric Pain Management  681

CONCEPTUAL FRAMEWORK FOR TREATMENT OF 
PEDIATRIC PAIN
Many models of pain focus on factors that explain the interindivid-
ual variability in pain perception and the chronicity and impairment 
experienced with pain. Central to these models are interrelationships 
among biologic, cognitive, affective, and social factors that influence 
children’s pain and disability, commonly referred to as biopsychosocial 
models of pain. Biologic factors include the child’s physical health, cen-
tral nervous system (CNS) factors (pain processing), gender, pubertal 
status, and genetic factors. Individual child cognitive and affective fac-
tors related to perception of pain include anxiety, fear, negative affect, 
pain behaviors, and functional disability, whereas social factors include 
such areas as culture, socioeconomic status, school environment, social 
and peer interactions, adverse childhood events, and parental and fam-
ily factors. For children, developmental factors need to be considered, 
such as cognitive and motor development, birth history, and epigenetic 
factors (the interaction in development between genetic and environ-
mental factors).

A framework that considers the interplay of biologic, psychologic, 
and social factors is useful for understanding pediatric pain and to 
guide pain assessment and the delivery of pain prevention and man-
agement. Many simple interventions designed to promote relaxation 
and patient control can work either alone or synergistically with pain 
medications for relief of pain and related distress. Moreover, psycho-
logic interventions are often coupled with physical therapy interven-
tions to assist in the management of disabling chronic pain.

Pharmacologic Treatment of Pain
The pharmacokinetics and pharmacodynamics of analgesics vary with 
age. This results in drug responses in infants and young children that 
differ from those in older children and adults. The elimination half-life 
of most analgesics is prolonged in neonates and young infants because 
of their immature hepatic enzyme systems and reduced glomeru-
lar filtration. Clearance of analgesics may also be variable in young 
infants and children. Renal blood flow, glomerular filtration, and tubu-
lar secretion increase dramatically in the first few weeks after birth, 
approaching adult values by 3-5 months of age. Renal clearance of anal-
gesics is often greater in toddlers and preschool-age children than in 
adults, whereas in premature infants, clearance is reduced. Age-related 
differences in body composition and protein binding also exist. Total 

body water as a fraction of body weight is greater in neonates than in 
children or adults. Tissues with high perfusion, such as the brain and 
heart, account for a larger proportion of body mass in neonates than 
do other tissues, such as muscle and fat. Because of decreased serum 
concentrations of albumin and α1-acid glycoprotein, neonates have 
reduced protein binding of some drugs, resulting in higher amounts of 
free, unbound, pharmacologically active drugs.

Acetaminophen, Aspirin, and Nonsteroidal  
Antiinflammatory Drugs
Acetaminophen and nonsteroidal antiinflammatory drugs (NSAIDs) 
have replaced aspirin as the most used antipyretics and oral, nonopioid 
analgesics (Table 93.6). This is because of the association of Reye syn-
drome with the use of aspirin in children with a viral infection, such as 
influenza or chickenpox.

Acetaminophen, a generally safe, nonopioid analgesic and anti-
pyretic, has the advantage of intravenous (IV), rectal, and oral routes 
of administration. Acetaminophen is not associated with the gastro-
intestinal (GI) or antiplatelet effects of aspirin and NSAIDs, making 
it a particularly useful drug in patients with cancer. Unlike aspirin 
and NSAIDs, acetaminophen has only mild antiinflammatory action. 
Although acetaminophen alone may not adequately treat various types 
of pain, in conjunction with other agents, it can lead to improved pain 
control and decreased opioid use. One effective management strategy 
can be to schedule acetaminophen and/or NSAIDs to decrease the 
need for opioids, while still maintaining good pain control.

Acetaminophen toxicity can result from a large single dose or cumu-
lative excessive dosing over days or weeks (see Chapter 94). Toxicity 
manifests as fulminant hepatic necrosis and liver failure in infants, 
children, and adults. Drug biotransformation processes are immature 
in neonates, very active in young children, and somewhat less active in 
adults. Young children are more resistant to acetaminophen-induced 
hepatotoxicity than are adults as a result of metabolic differences. Sul-
fation predominates over glucuronidation in young children, leading 
to a reduction in NAPQI production.

Aspirin is indicated for certain rheumatologic conditions and for 
inhibition of platelet adhesiveness, as in the treatment of Kawasaki 
disease. Concerns about Reye syndrome have resulted in a substan-
tial decline in pediatric aspirin use. In general, aspirin should not be 
used for routine pain control in children. It is important to be aware of 

Table 93.6    � Commonly Used Nonopioid Medications (Antiinflammatory Medications)

MEDICATION DOSAGE COMMENT(S)

Acetaminophen 10-15 mg/kg PO q4h
10 mg/kg IV q4h
15 mg/kg IV q6h
10 mg/kg IV q6h (<2 yr)
20-30 mg/kg/PR q4h
40 mg/kg/PR q6-8h
Maximum daily dosing:
75 mg/kg/24 hr (children)
60 mg/kg/24 hr (<2 yr)
30-45 mg/kg/24 hr (neonates)

Minimal antiinflammatory action; no antiplatelet or adverse 
gastric effects; overdosing can produce fulminant hepatic 
failure.

Ibuprofen 8-10 mg/kg PO q6h
10 mg/kg IV q4-6h to maximum of 400 mg
Maximum daily dose: 2,400 mg

Antiinflammatory; transient antiplatelet effects; may cause 
gastritis; extensive pediatric safety experience.

Naproxen 5-7 mg/kg PO q8-12h
Maximum daily dose: 1,000 mg

Antiinflammatory; transient antiplatelet effects; may cause 
gastritis; more prolonged duration than that of ibuprofen.

Ketorolac Loading dose 0.3 mg/kg, then 0.25-0.3 mg/kg IV q6h 
to a maximum of 5 days; maximum single dose 15 
mg for those < 50 kg and 30 mg for those ≥ 50 kg

Antiinflammatory; reversible antiplatelet effects; may cause 
gastritis; useful for short-term situations in which oral dosing 
is not feasible.

Diclofenac sodium 2-3 mg/kg/day divided in 2 or 3 doses
Maximum daily dose: 150 mg

Antiinflammatory; reversible antiplatelet effects; lower risk of 
gastritis and ulceration compared with other NSAIDs.

Celecoxib Only approved for children ≥2 yr;
≥10 kg to ≤25 kg: 50 mg PO bid
>25 kg: 100 mg PO bid

Antiinflammatory; no or minimal antiplatelet or gastric effects; 
cross-reactivity with sulfa allergies.
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A postoperative child given an opioid becomes hypoventilated and unresponsive. Which
reversal medication is listed for opioid-induced respiratory depression?

A. Naloxone

B. Midodrine

C. Acetazolamide

D. Flumazenil

E. Atropine
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mid-20s. Thus the rational short- or even long-term use of opioids in 
children does not lead to a predilection for or risk of addiction in a 
child not otherwise at risk because of genetic background, economic 
factors, or social milieu.

It is equally important for pediatricians to realize that even patients 
with recognized substance abuse diagnoses are entitled to effective 
analgesic management, which often includes the use of opioids. If legit-
imate concerns exist about addiction in a patient, safe, effective opioid 
pain management is often best provided by specialists in pain manage-
ment and addiction medicine. Table 93.12 outlines the U.S. Centers for 
Disease Control and Prevention (CDC) opioid recommendations for 
chronic pain (primarily in adults).

There is no longer a reason to administer opioids by IM injection. 
Continuous IV infusion of opioids is an effective option that permits 

more constant plasma concentrations and clinical effects than inter-
mittent IV bolus dosing without the pain associated with IM injection. 
The most common approach in pediatric centers is to administer a low-
dose basal opioid infusion while permitting patients to use a patient-
controlled analgesia (PCA) device to titrate the dosage above the 
infusion (Fig. 93.3) (see Chapter 91). Compared with children given 
intermittent IM morphine, children using PCA reported better pain 
scores. PCA has several other advantages: (1) dosing can be adjusted to 
account for individual pharmacokinetic and pharmacodynamic varia-
tion and for changing pain intensity during the day; (2) psychologically 
the patient is more in control, actively coping with the pain; (3) over-
all opioid consumption tends to be lower; (4) fewer opioid side effects 
occur; and (5) patient satisfaction is generally much higher. Children 
as young as 5-6 years old can effectively use PCA. The device can also 

Table 93.8    � Management of Opioid-Induced Adverse Effects

Respiratory depression Naloxone: 0.01-0.02 mg/kg up to a full reversal dose of 0.1 mg/kg. May be given IV, IM, IN, SC, or via ETT.
The full reversal dose should initially be used for apnea in opioid-naive patients. In opioid-tolerant patients, a 

reduced dose should be given and titrated up slowly to treat symptoms but prevent acute withdrawal.
Ventilation may need to be supported during this process.
Dose may be repeated every 2 min to a total of 10 mg.
Adult maximum dose is 2 mg/dose. Give with caution to patients who are receiving long-term opioid therapy, as it 

may precipitate acute withdrawal.
Duration of effect is 1-4 hr; therefore close observation for recurrent symptoms is essential.

Excessive sedation without 
evidence of respiratory 
depression

Change opioid or decrease the dose. In palliative patients or other special circumstances, can consider treating 
with stimulants.

Methylphenidate*: 0.3 mg/kg per dose PO (typically 10-20 mg/dose to a teenager) before breakfast and lunch. Do 
not administer to patients receiving clonidine, because dysrhythmias may develop.

Dextroamphetamine: 2.5-10 mg on awakening and at noon. Not for use in young children or in patients with  
cardiovascular disease or hypertension.

Modafinil: Pediatric dose not established. May be useful in selected patients. Typical adult dose: 50-200 mg/day.

Nausea and vomiting Metoclopramide†: 0.15 mg/kg IV up to 10 mg/dose q6-12h for 24 hr.
Trimethobenzamide: if weight <15 kg, 100 mg PO or PR q6h; if >15 kg, 200 mg PO or PR q6h. (Note: Suppository 

contains benzocaine 2%.) Not for use in newborn infants or premature infants.
5-HT3 receptor blockers:
Ondansetron: 0.15 mg/kg up to 8 mg IV q6-8h not to exceed 32 mg/day (also available as a sublingual tablet).
Granisetron: 10 to 20 μg/kg IV q12-24h.
Prochlorperazine*‡ (Compazine): >2 yr or >20 kg, 0.1 mg/kg per dose q8h IM or PO up to 10 mg/dose.
Change opioid.

Pruritus Hydroxyzine: 0.5 mg/kg PO q6h.
Nalbuphine: 0.1 mg/kg IV q6h for pruritus caused by intraaxial opioids, especially fentanyl. Administer slowly over 

15-20 min. May cause acute reversal of systemic μ-receptor effects and leave κ-agonism intact.
Naloxone: 0.5-2 mcg/kg/hr IV infusion (titrate up to decrease pruritus and reduce infusion if pain increases).
Ondansetron: 0.05-0.1 mg/kg IV or PO q8h.
Cyproheptadine†: 0.1-0.2 mg/kg PO q8-12h. Maximum dose 12 mg.
Change opioid.

Constipation Encourage water consumption, high-fiber diet, and vegetable fiber.
Bulk laxatives: Metamucil, Maltsupex.
Lubricants: Mineral oil 15-30 mL PO daily as needed (not for use in infants because of aspiration risk).
Surfactants: Sodium docusate (Colace):
<3 yr: 10 mg PO q8h
3-6 yr: 15 mg PO q8h
6-12 yr: 50 mg PO q8h
>12 yr: 100 mg PO q8h
Stimulants:
Bisacodyl suppository (Dulcolax):
<2 yr: 5 mg PR qhs
>2 yr: 10 mg PR qhs
Senna syrup (218 mg/5 mL): >3 yr: 5 mL qhs
Enema: Fleet hypertonic phosphate enema (older children; risk of hyperphosphatemia).
Electrolytic/osmotic: Milk of magnesia; for severe impaction: polyethylene glycol (GoLYTELY, MiraLAX).
Methylnaltrexone is an opioid antagonist that works in the colon and does not cross the blood-brain barrier to 

reverse analgesia; given as subcutaneous injection every day or every other day (0.15 mg/kg) and is effective in 
producing stool in 30-60 min in most patients.

Urinary retention Straight catheterization, indwelling catheter.
Decrease opioids, use naloxone drip.

*Avoid in patients taking monoamine oxidase inhibitors.
†May be associated with extrapyramidal side effects, which may be more often seen in children than in adults.
‡Consider pretreatment with diphenydramine to decrease risk of anti-dopaminergic adverse events (e.g., dystonia).
ETT, Endotracheal tube; IV, intravenously; IM, intramuscularly; IN, intranasally; PO, orally; PR, rectally; SC, subcutaneously.
Modified from Burg FD, Ingelfinger JR, Polin RA, et al., eds. Current Pediatric Therapy, 18th ed. Philadelphia: Saunders; 2006, p 16.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 181 / 300

181



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 02 / 30

A child with severe renal failure needs an opioid. Which agent in the table is favored because it
does not generate the active renally cleared metabolites of morphine?

A. Fentanyl

B. Morphine

C. Meperidine

D. Codeine

E. Propoxyphene
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be activated by parents or nurses, known as PCA-by-proxy (PCA-P) 
or parent-nurse controlled analgesia (PNCA), which produces anal-
gesia in a safe, effective manner for children who cannot activate the 

PCA demand button themselves because they are too young or intel-
lectually or physically impaired. PCA overdoses have occurred when 
well-meaning, inadequately instructed parents pushed the PCA button 
in medically complicated situations, with or without the use of PCA-P, 
highlighting the need for patient and family education, use of proto-
cols, physiologic monitoring, and adequate nursing supervision.

Because of the high risk of adverse side effects (respiratory depres-
sion), the FDA has issued contraindications for the pediatric use of 
codeine and tramadol (Table 93.13). 

Local Anesthetics
Local anesthetics are widely used in children for topical application, 
cutaneous infiltration, peripheral nerve block, neuraxial blocks (intra-
thecal or epidural infusions), and IV infusions (see Chapter 91). Local 
anesthetics can be used with excellent safety and effectiveness. Local 
anesthetics interfere with neural transmission by blocking neuronal 
sodium channels. Excessive systemic dosing can cause seizures, CNS 
depression, and (by cardiac and arteriolar sodium channel blockade) 
hypotension, arrhythmias, cardiac depression, and cardiovascular col-
lapse. Local anesthetics therefore require a strict maximum dosing 
schedule. Pediatricians should be aware of the need to calculate these 
doses and adhere to guidelines.

Topical local anesthetic preparations do not generally result in 
measurable systemic blood levels and can reduce pain in diverse 
circumstances: suturing of lacerations, placement of peripheral IV 
catheters, lumbar punctures, and accessing indwelling central venous 
ports (Table 93.14). The application of tetracaine, epinephrine 
(adrenaline), and cocaine (TAC) results in good anesthesia for sutur-
ing wounds but should not be used on mucous membranes or the 
hypervascular faces of young children. An alternative combination 
of lidocaine, epinephrine, and tetracaine (LET) is preferred to avoid 
the psychomimetic properties of cocaine. EMLA, a topical eutectic 
mixture of lidocaine and prilocaine used to anesthetize intact skin, 
is frequently applied for venipuncture, lumbar puncture, and other 
needle procedures. A 5% liposomal lidocaine cream (LMX4) is also 
effective as a topical anesthetic. Another unique device is the needle-
free J-tip, which uses a CO2 cartridge to deliver lidocaine into the 
subcutaneous tissue via a micro-atomizing tip. This can be used to 

Table 93.9    � Equianalgesic Doses and Half-Life (T1/2β) of 
Some Commonly Used Opioids

OPIOID
IM/IV DOSE 

(mg)
ORAL DOSE 

(mg) T1/2β (hr)

Morphine 10 30 2-3

Oxycodone 15 20-30 2-3

Fentanyl 0.15-0.2 — 3-5

Alfentanil 0.75-1.5 — 1-2

Sufentanil 0.02 — 2-3

Methadone 10 10-15 15-40

Hydromorphone 1.5 7.5 3-4

Tramadol† 100 100 5-7

Buprenorphine 0.4 0.8 (sublingual) 3-5

Pentazocine 60 150 3-5

Nalbuphine 10-20 — 2-4

Butorphanol 2 — 2-3

†Only part of its analgesic action results from action on μ-opioid receptors.
NOTES:
• Published reports vary in the suggested doses considered to be equianalgesic to 

morphine. Therefore titration to clinical response in each patient is necessary.
• Suggested doses are the results of single-dose studies only. Therefore use of the 

data to calculate total daily dose requirements and repeated or continuous doses 
may not be appropriate.

• There may be incomplete cross-tolerance between these drugs. In patients who have 
been receiving one opioid for a prolonged period, it is usually necessary to use a 
dose lower than the expected equianalgesic dose when changing to another opioid 
and to titrate to effect.

Modified from Macintyre PE, Ready LB. Acute Pain Management: A Practical Guide, 
2nd ed. Philadelphia: Saunders; 2001, p 19.

Table 93.10    � Opioid Use Guidelines in Hepatic and Renal Dysfunction

DRUG PKA
PROTEIN 

BINDING (%)
PHASE 1  

METABOLISM
PHASE 2  

METABOLISM
ACTIVE  

METABOLITE

BILIARY  
EXCRETION1  

(%)
RENAL  

EXCRETION2

USE IN 
RENAL  

FAILURE

Morphine 8.0 30 None Glucuronidation M6G 10 Metabolites Use with 
cautiona,c

Fentanyl 8.4 80 CYP3A4 None None Norfentanyl Preferredb,e

Hydromorphone 8.2 20 None Glucuronidation H6G H3G & H6G Use with 
cautiona,d

Methadone 8.3 90 CYP2B6
CYP3A4, 

CYP2D6

None None 20-40 Metabolites Use with 
cautionb,e

Codeine 8.2 25 CYP2D6 None Morphine, 
Hydrocodone 
M6G

M6G Nob,d

Oxycodone 8.5 45 CYP3A4, 
CYP2D6

None Oxymorphone Noroxycodone Use with 
cautionf

Oxymorphone 8.2 10 CYP3A4 Glucuronidation None Noroxymorphone Use with 
cautiona,c

Remifentanil 7.1 70 Esterase None None Metabolite

1In the setting of hepatic dysfunction, all opioids should be used cautiously (“go low, go slow”). Meperidine (inactive metabolite associated with seizures) and codeine (cannot be 
metabolized into active metabolite, morphine) should not be used. Fentanyl may be the best opioid to use (in severe liver dysfunction, plasma cholinesterase may not be available 
to metabolize remifentanil).

2In the setting of renal failure, metabolites of morphine, codeine, hydromorphone, hydrocodone, and meperidine can accumulate, producing increased therapeutic and adverse effects.
aParent drug removed by dialysis; bParent drug not/poorly dialyzed; cMetabolites removed by dialysis; dMetabolites not/poorly dialyzed; eMetabolites inactive;
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 23.6, p. 496.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 182 / 300

182



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 03 / 30

An infant with severe pain also receives a sedating medication. Which prescribing principle in
the table is most appropriate?

A. Individualize and cautiously titrate opioid dosing with safety monitoring

B. Use one fixed adult dose regardless of weight

C. Escalate doses without reassessment

D. Ignore other sedatives

E. Assume all infants metabolize opioids identically
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start IVs or provide superficial analgesia before a procedure (e.g., 
lumbar puncture).

Lidocaine is the most commonly used local anesthetic for cutane-
ous infiltration. Maximum safe doses of lidocaine are 5 mg/kg without 
epinephrine and 7 mg/kg with epinephrine. Although concentrated 
solutions (2%) are commonly available from hospital pharmacies, 
more dilute solutions (0.25% and 0.5%) are equally as effective as 1–2% 
solutions. The diluted solutions cause less burning discomfort on injec-
tion and permit use of larger volumes without achieving toxic doses. 
In the surgical setting, cutaneous infiltration is more often performed 
with bupivacaine 0.25% or ropivacaine 0.2% because of the much lon-
ger duration of effect; maximum dosage of these long-acting amide 
anesthetics is 2-3 mg/kg and 3-4 mg/kg, respectively. Liposomal bupi-
vacaine injectable suspension (Exparel) is approved for children age 6 
years old and above. It is an excellent choice for surgical wound infiltra-
tion. The maximum dose for children is 4 mg/kg.

Neuropathic pain may respond well to the local application of a 5% 
lidocaine topical patch (Lidoderm) for 12 hours/day (see Table 93.14), 
although access to lidocaine topical patches may be limited by insur-
ance coverage. Over-the-counter 4% lidocaine patches are available 
without prescription. Peripheral and central neuropathic pain also 
may respond to IV lidocaine infusions, which may be used in hospital 

settings for refractory pain, complex regional pain syndromes, and pain 
associated with malignancies or the therapy of malignancies, such as 
oral mucositis after bone marrow transplantation. In these patients, 1-2 
mg/kg/hr should be administered and the infusion titrated to achieve 
a blood lidocaine level in the 2-5 μg/mL range, with use of twice-daily 
therapeutic blood monitoring. 

UNCONVENTIONAL MEDICATIONS IN  
PEDIATRIC PAIN
Unconventional analgesic medication refers to a wide number of drugs 
developed for other indications but found to have analgesic properties. 
These drugs have been used for acute and chronic pain and include 
antidepressants, antiepileptic drugs, and neurotropic drugs (Tables 
93.15 and 93.16).

The unconventional analgesics are generally used to manage neu-
ropathic pain conditions, migraine disorders, fibromyalgia syndrome, 
and some forms of functional chronic abdominal pain syndromes. 
These agents also are used as components of multimodal analgesia in 
the management of surgical, somatic, and musculoskeletal pain. Figure 
93.4 presents a decision-making tree to help the physician select the 
appropriate analgesic category for various types of pain.

Although several unconventional pain medications are FDA 
approved for analgesic use, most are not approved for use in youth with 
acute or chronic pain. Thus these drugs should be used with caution, 
with a focus on mitigating pain to allow a child to participate effectively 
in therapies and return to normal activity as soon as possible. The use 
of psychotropic medications should be guided by the principles applied 
to pharmacologic treatment of any symptom or disease. Target symp-
toms should be identified and medication side effects monitored. To 
determine dosing regimens, the physician should consider the child’s 
weight and the effects that the medical condition and other medica-
tions, such as psychotropic drugs, may have on the child’s metabolism. 
Therapeutic blood level monitoring can be considered. Side effects 
should be addressed in detail with both parent and child and specific 
instructions given for responding to possible adverse events. Directly 
addressing concerns about addiction, dependence, and tolerance may 
be necessary to decrease treatment-related anxiety and improve medi-
cation adherence.

Antidepressant Medications
Antidepressants are useful in adults with chronic pain, including neu-
ropathic pain, headaches, and rheumatoid arthritis, independent of 
their effects on depressive disorders. Antidepressants’ analgesic mech-
anism of action is inhibition of norepinephrine reuptake in the CNS. 
In children, because clinical trials have been limited, the practitioner 
should use antidepressants cautiously to treat chronic pain or asso-
ciated depressive or anxiety symptoms. The FDA has issued a “black 
box warning” to inform the public of a small but significant increase 
in suicidal thoughts and attempts in children and adolescents receiv-
ing antidepressants. A meta-analysis of studies involving children and 
adolescents receiving antidepressants for pain indicated that no sui-
cides had been completed. The pediatrician should address this issue 
with parents of patients being treated with antidepressants and should 
develop monitoring plans consistent with current FDA recommenda-
tions (see Table 93.16).

Tricyclic antidepressants (TCAs) have been studied in children 
with chronic pain and found to be effective in pain relief for symp-
toms that include neuropathic pain, functional abdominal pain, and 
migraine. TCA efficacy may be based on inhibition of the neurochemi-
cal pathways involved in norepinephrine and serotonin reuptake and 
interference with other neurochemicals involved in the perception 
or neural conduction of pain. Because sedation is a common side 
effect, TCAs may also be effective in treating the sleep disorders that 
frequently accompany pediatric pain. Biotransformation of TCAs is 
extensive in healthy children. Typically, TCAs are administered only 
at bedtime, especially the more sedating tricyclic medications such as 
amitriptyline. Alternatively, the patient can be started on a bedtime 
dose of a TCA, which may be able to then be titrated to a daily divided 
dose, with the larger dose given at bedtime. It should be noted that 
pain symptoms usually remit at lower doses than those recommended 

Table 93.11    � Practical Aspects of Prescribing Opioids

	•	 �Morphine, hydromorphone, or fentanyl is regarded as first choice 
for severe pain.

	•	 �Dosing should be titrated and individualized. There is no “right” 
dose for everyone.

	•	 �The right dose is the dose that relieves pain with a good margin 
of safety.

	•	 �Dosing should be more cautious in infants, in patients with 
coexisting diseases that increase risk or impair drug clearance, 
and with concomitant administration of sedatives.

	•	 �Hydromorphone is metabolized by CYP2D6 and fentanyl by 
CYP3A4 and to some extent 2D6; drugs that compete for 2D6 
enzyme will raise blood levels and increase risk of respiratory 
depression.

	•	 �Morphine is metabolized by glucuronidation to an active 
metabolite, morphine-6-glucuronide, which accumulates and 
causes CNS toxicity in renal impairment.

	•	 �Anticipate and treat peripheral side effects, including 
constipation, nausea, and itching.

	•	 �Give doses at sufficient frequency to prevent the return of severe 
pain before the next dose.

	•	 �Use a drug delivery method, such as patient-controlled anesthesia 
or continuous infusions, that avoids the need for “prn” decision-
making.

	•	 �With opioid dosing for >1 wk, taper gradually to avoid abstinence 
syndrome.

	•	 �When converting between parenteral and oral opioid doses, use 
appropriate potency ratios (see Table 93.9).

	•	 �Tolerance refers to decreasing drug effect with continued 
administration of a drug. Over time a patient will need higher 
dosing to achieve the same clinical effect; however, tolerance to 
sedation and respiratory depression develop more rapidly than 
tolerance to analgesia. Thus with higher doses, patients do not 
experience oversedation or respiratory depression.

	•	 �Dependence refers to the need for continued drug dosing 
to prevent abstinence syndrome when a drug is abruptly 
discontinued or its dose reduced. Abstinence syndrome is 
characterized by irritability, agitation, autonomic arousal, nasal 
congestion, piloerection, diarrhea, jitteriness, and yawning; it is 
produced by administration of potent opioids for >5-7 days.

	•	 �Addiction, a psychiatric pathology, refers to psychologic craving, 
compulsive drug-seeking behavior, and drug use despite 
medical harm. Addiction has strong genetic and environmental 
determinants. Opioid therapy will not lead to addiction in 
nonsusceptible individuals, and opioid underdosing does not 
prevent addiction; it may in fact increase drug-seeking behavior 
for relief of pain (e.g., watching the clock), referred to as 
“pseudoaddiction.”
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A 7-year-old needs treatment for postoperative pain. Which opioid in the FDA recommendations
table is contraindicated for pain treatment in children under 12 years?

A. Codeine

B. Fentanyl

C. Morphine

D. Hydromorphone

E. Methadone

Original table 93.13  |  Nelson printed p. 688  |  PDF p. 734

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 4
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the QTc is <450 msec. If the dose of amitriptyline or nortriptyline 
is increased beyond 0.5 mg/kg/day, an ECG should be performed 
for each dosing increase. With TCAs, as with other antidepressants, 
physical dependence and a known discontinuation syndrome can 
occur. The discontinuation syndrome includes agitation, sleep dis-
turbances, appetite changes, and GI symptoms. These medications 
should be tapered slowly to assist in distinguishing among symptoms 
that indicate rebound, withdrawal, or the need for continuing the 
medication.

Selective serotonin reuptake inhibitors (SSRIs) have minimal effi-
cacy in the treatment of a variety of pain syndromes in adults. SSRIs 
are very useful when symptoms of depression or anxiety are present 
and cannot be addressed adequately by nonpharmacologic means. 
Escitalopram (Lexapro), fluoxetine (Prozac), and sertraline (Zoloft) 
have been approved by the FDA for use in children and adolescents. 
SSRIs have a significantly milder side effect profile than TCAs (most 
side effects are transient), and they have no anticholinergic side effects. 
Chief side effects include GI symptoms, headaches, agitation, insom-
nia, sexual dysfunction, and anxiety. Rarely, hyponatremia, or the 
syndrome of inappropriate antidiuretic hormone secretion (SIADH), 
may occur. Interactions with other medications that have serotonergic 
effects may also occur. When multiple medications with serotonergic 
activity are used in combination, there may be increased likelihood 
that a life-threatening serotonin syndrome may occur, with associ-
ated symptoms of myoclonus, hyperreflexia, autonomic instability, 
muscle rigidity, and delirium (see Chapter 94). It is important to note 
that although triptans have serotonergic effects, it is unlikely that 
the combination will lead to serotonin syndrome. This is because it 
is hypothesized that serotonin receptors 2A and 1A are the receptors 
involved in serotonin syndrome, whereas triptans are selective for 
serotonin antagonists 1B and 1D. There is also a discontinuation syn-
drome associated with shorter-acting SSRIs (e.g., paroxetine), which 
includes dizziness, lethargy, paresthesias, irritability, and vivid dreams. 
To avoid this, dosages of medications should be tapered slowly over 
several weeks.

The selective serotonin-norepinephrine reuptake inhibitors 
(SNRIs) duloxetine and venlafaxine have demonstrated significant 
efficacy with chronic neuropathic and other pain syndromes because 
they inhibit both serotonin and norepinephrine reuptake, and they 
may directly block associated pain receptors as well. Venlafaxine has 
no pain indication labeling. Duloxetine is FDA approved for managing 
neuropathic pain (specifically, diabetic neuropathy) and fibromyalgia 

Table 93.13    � Summary of FDA Recommendations

	•	 �Use of codeine to treat pain or cough in children <12 yr old is 
contraindicated.

	•	 �Use of tramadol to treat pain in children <12 yr old is 
contraindicated.

	•	 �Use of tramadol for treatment of pain after tonsillectomy or 
adenoidectomy in patients <18 yr old is contraindicated. (Codeine 
was already contraindicated in such patients.)

	•	 �Use of codeine or tramadol in children 12-18 yr old who are obese 
or who have an increased risk of serious breathing problems, such 
as those with obstructive sleep apnea or severe lung disease, is 
not recommended.

	•	 �Use of codeine or tramadol in breastfeeding women should be 
avoided.

From FDA warns against use of codeine and tramadol in children and breastfeeding 
women. Med Lett. 2017;59(1521):86–88.

Table 93.14    � Topical Pharmacologic Management of Acute Pain in Children

DRUG DOSE NOTES

INTACT SKIN
Lidocaine 2.5% and prilocaine 2.5% (EMLA 

cream)
<3 mo old or <5 kg: 1 g
3-12 mo and >5 kg: 2 g
1-6 yr and >10 kg: 10 g
7-12 yr and >20 kg: 20 g

60 min is needed to achieve maximum effect; 
cover cream with an occlusive dressing 
(Tegaderm)

Lidocaine, liposomal 5% (LMX4) 1-20 g as noted earlier 30-60 min needed to achieve maximum effect; 
cover with an occlusive dressing (Tegaderm)

Lidocaine 70 mg and tetracaine 70 mg (Synera 
patch)

Age ≥3 yr: apply patch 20-30 min needed to achieve maximum effect

Tetracaine 4% (Ametop) >1 mo and <5 yr: apply 1 tube of gel (1 g)
>5 yr: apply up to 5 tubes of gel (5 g)

30 min before venipuncture
45 min before intravenous cannulation

WOUNDS
Lidocaine, epinephrine, tetracaine (LET) 

solution or gel*
Age ≥1 yr: apply to wound 20 min needed for maximum effect

*Also referred to as ALA on the basis of alternative names for the constituents: adrenaline, lignocaine, amethocaine. These mixtures are locally made by hospital formularies, with a 
common formula being lidocaine 4% plus epinephrine 0.1% plus tetracaine 0.5%. The cocaine-based formulation was historically avoided on wounds of digits, ears, penis, nose, 
mucous membranes, close to the eye, or deep wounds involving bone, cartilage, tendon, or vessels. The lidocaine-based formulation can be used in such settings.

Adapted from Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of pain in children in the emergency department. Lancet. 20166;387:83–92.
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Fig. 93.3  Patient-controlled analgesia is more likely to keep blood 
concentrations of opioid within the “analgesic corridor” and allows rap-
id titration if there is an increase in pain stimulus requiring higher blood 
levels of opioid to maintain the analgesia. (From Burg FD, Ingelfinger 
JR, Polin RA, et al., eds. Current Pediatric Therapy,18th ed. Philadel-
phia: Saunders; 2006:16.)
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A child needs topical analgesia on intact skin before a planned needle procedure. Which
table-listed combination may be applied under an occlusive dressing in advance?

A. Lidocaine-prilocaine cream

B. Oral amoxicillin

C. Intravenous furosemide

D. Saline alone

E. Topical silver sulfadiazine as the anesthetic

Original table 93.14  |  Nelson printed p. 688  |  PDF p. 734

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 5
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the QTc is <450 msec. If the dose of amitriptyline or nortriptyline 
is increased beyond 0.5 mg/kg/day, an ECG should be performed 
for each dosing increase. With TCAs, as with other antidepressants, 
physical dependence and a known discontinuation syndrome can 
occur. The discontinuation syndrome includes agitation, sleep dis-
turbances, appetite changes, and GI symptoms. These medications 
should be tapered slowly to assist in distinguishing among symptoms 
that indicate rebound, withdrawal, or the need for continuing the 
medication.

Selective serotonin reuptake inhibitors (SSRIs) have minimal effi-
cacy in the treatment of a variety of pain syndromes in adults. SSRIs 
are very useful when symptoms of depression or anxiety are present 
and cannot be addressed adequately by nonpharmacologic means. 
Escitalopram (Lexapro), fluoxetine (Prozac), and sertraline (Zoloft) 
have been approved by the FDA for use in children and adolescents. 
SSRIs have a significantly milder side effect profile than TCAs (most 
side effects are transient), and they have no anticholinergic side effects. 
Chief side effects include GI symptoms, headaches, agitation, insom-
nia, sexual dysfunction, and anxiety. Rarely, hyponatremia, or the 
syndrome of inappropriate antidiuretic hormone secretion (SIADH), 
may occur. Interactions with other medications that have serotonergic 
effects may also occur. When multiple medications with serotonergic 
activity are used in combination, there may be increased likelihood 
that a life-threatening serotonin syndrome may occur, with associ-
ated symptoms of myoclonus, hyperreflexia, autonomic instability, 
muscle rigidity, and delirium (see Chapter 94). It is important to note 
that although triptans have serotonergic effects, it is unlikely that 
the combination will lead to serotonin syndrome. This is because it 
is hypothesized that serotonin receptors 2A and 1A are the receptors 
involved in serotonin syndrome, whereas triptans are selective for 
serotonin antagonists 1B and 1D. There is also a discontinuation syn-
drome associated with shorter-acting SSRIs (e.g., paroxetine), which 
includes dizziness, lethargy, paresthesias, irritability, and vivid dreams. 
To avoid this, dosages of medications should be tapered slowly over 
several weeks.

The selective serotonin-norepinephrine reuptake inhibitors 
(SNRIs) duloxetine and venlafaxine have demonstrated significant 
efficacy with chronic neuropathic and other pain syndromes because 
they inhibit both serotonin and norepinephrine reuptake, and they 
may directly block associated pain receptors as well. Venlafaxine has 
no pain indication labeling. Duloxetine is FDA approved for managing 
neuropathic pain (specifically, diabetic neuropathy) and fibromyalgia 

Table 93.13    � Summary of FDA Recommendations

	•	 �Use of codeine to treat pain or cough in children <12 yr old is 
contraindicated.

	•	 �Use of tramadol to treat pain in children <12 yr old is 
contraindicated.

	•	 �Use of tramadol for treatment of pain after tonsillectomy or 
adenoidectomy in patients <18 yr old is contraindicated. (Codeine 
was already contraindicated in such patients.)

	•	 �Use of codeine or tramadol in children 12-18 yr old who are obese 
or who have an increased risk of serious breathing problems, such 
as those with obstructive sleep apnea or severe lung disease, is 
not recommended.

	•	 �Use of codeine or tramadol in breastfeeding women should be 
avoided.

From FDA warns against use of codeine and tramadol in children and breastfeeding 
women. Med Lett. 2017;59(1521):86–88.

Table 93.14    � Topical Pharmacologic Management of Acute Pain in Children

DRUG DOSE NOTES

INTACT SKIN
Lidocaine 2.5% and prilocaine 2.5% (EMLA 

cream)
<3 mo old or <5 kg: 1 g
3-12 mo and >5 kg: 2 g
1-6 yr and >10 kg: 10 g
7-12 yr and >20 kg: 20 g

60 min is needed to achieve maximum effect; 
cover cream with an occlusive dressing 
(Tegaderm)

Lidocaine, liposomal 5% (LMX4) 1-20 g as noted earlier 30-60 min needed to achieve maximum effect; 
cover with an occlusive dressing (Tegaderm)

Lidocaine 70 mg and tetracaine 70 mg (Synera 
patch)

Age ≥3 yr: apply patch 20-30 min needed to achieve maximum effect

Tetracaine 4% (Ametop) >1 mo and <5 yr: apply 1 tube of gel (1 g)
>5 yr: apply up to 5 tubes of gel (5 g)

30 min before venipuncture
45 min before intravenous cannulation

WOUNDS
Lidocaine, epinephrine, tetracaine (LET) 

solution or gel*
Age ≥1 yr: apply to wound 20 min needed for maximum effect

*Also referred to as ALA on the basis of alternative names for the constituents: adrenaline, lignocaine, amethocaine. These mixtures are locally made by hospital formularies, with a 
common formula being lidocaine 4% plus epinephrine 0.1% plus tetracaine 0.5%. The cocaine-based formulation was historically avoided on wounds of digits, ears, penis, nose, 
mucous membranes, close to the eye, or deep wounds involving bone, cartilage, tendon, or vessels. The lidocaine-based formulation can be used in such settings.

Adapted from Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of pain in children in the emergency department. Lancet. 20166;387:83–92.
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Fig. 93.3  Patient-controlled analgesia is more likely to keep blood 
concentrations of opioid within the “analgesic corridor” and allows rap-
id titration if there is an increase in pain stimulus requiring higher blood 
levels of opioid to maintain the analgesia. (From Burg FD, Ingelfinger 
JR, Polin RA, et al., eds. Current Pediatric Therapy,18th ed. Philadel-
phia: Saunders; 2006:16.)
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A child has chronic neuropathic pain despite treatment of the underlying cause. Which
medication in the adjunctive-analgesic table is used for neuropathic pain?

A. Gabapentin

B. Amoxicillin

C. Hydrochlorothiazide

D. Ondansetron

E. Cetirizine

Original table 93.15  |  Nelson printed p. 689  |  PDF p. 735

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 6
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syndrome. It is approved for the treatment of pediatric fibromyalgia 
in adolescents 13-17 years of age and for the treatment of generalized 
anxiety disorder in children 7-17. A significant advantage of SNRIs 
over TCAs when used for headache prophylaxis or neuropathic pain 
is that they have therapeutic effects on mood and anxiety at dosages 
effective for pain control.

Because both SSRIs and SNRIs have fewer anticholinergic side effects 
than TCAs, adherence to them is better than in psychiatric populations 
taking TCAs. Side effects of both types of drugs include GI symptoms, 
hyperhidrosis, dizziness, and agitation, but these effects generally wane 
over time. Hypertension and orthostatic hypotension may occur; in 
addition, the patient’s blood pressure should be closely followed, and 
appropriate hydration should be stressed. Note that whereas appetite 
stimulation and weight gain are associated with all TCAs, duloxetine 
is often associated with weight loss, frequently a desirable side effect, 
especially in overweight adolescents.

All antidepressants, including the TCAs, SSRIs, and SNRIs, are 
thought to have the potential to increase the risk of suicidal ide-
ation and the risk of suicide in patients, as noted earlier. The FDA 
states, “All pediatric patients being treated with antidepressants for 
any indication should be observed closely for clinical worsening, 
suicidality, and unusual changes in behavior, especially during the 
initial few months of a course of drug therapy, or at times of dose 
changes, either increases or decreases.” However, the FDA also notes, 
“Although there has been a long-standing concern that antidepres-
sants may have a role in inducing worsening of depression and the 
emergence of suicidality in certain patients, a causal role for anti-
depressants in inducing such behaviors has not been established. 
Nevertheless, patients being treated with antidepressants should be 
observed closely for clinical worsening and suicidality, especially 
at the beginning of a course of drug therapy, or at the time of dose 
changes, either increases or decreases.” 

Table 93.15    � Commonly Used Adjunctive Analgesics

DRUG NAME 
(TRADE NAME)

SUGGESTED STARTING DOSE AND 
DOSING INTERVAL

MAXIMUM DOSE PER DAY
ADVANTAGES (INDICATION FOR 

USE)
DISADVANTAGES (SIDE  

EFFECTS)

Gabapentin  
(Neurontin)

10-15 mg/kg per day divided bid or tid
Max dose: 50 mg/kg per day (3 g/day)

Adjunct for the management of  
pediatric neuropathic pain, epilepsy

Drug reaction with eosinophilia 
and systemic symptoms (DRESS), 
anaphylaxis, somnolence, 
dizziness, peripheral edema, 
emotional lability, respiratory 
depression when combined with 
opioids

Pregabalin (Lyrica) 2.5 mg/kg per day divided bid or tid
Max dose: 600 mg per day

Adjunct for the management of  
neuropathic pain associated with 
spinal cord injury, fibromyalgia, and 
epilepsy

Ataxia, blurred vision, visual field 
loss, constipation, drowsiness, 
headaches, peripheral edema, 
weight gain, tremor

Clonidine (Catapres) 5-25 mcg/kg per day divided every 4-8 
hours if PO dosing

Max dose: 2.4 mg/day

Used to treat hypertension and  
mitigate drug withdrawal symptoms; 
also used as a pain or peripheral 
nerve block additive

Drowsiness, dizziness, fatigue, 
headache, dry mouth,  
hypotension

Dexmedetomidine 
(Precedex)

Loading dose: 0.5-1 mcg/kg
Infusion rate: 0.2-0.7 mcg/kg per hour 

titrated to effect
Suggested max dose: 2.5 mcg/kg per 

hour

Sedative and analgesic properties; 
intraoperative bolus dose of 1 mcg/
kg decreases postoperative morphine 
consumption and 2 mg/kg decreases 
emergence delirium

Bradycardia, hypotension

Tizanidine (Zanaflex) Patients >18 yr: starting dose 2 mg q6-8h
Max single dose: 16 mg
Max daily dose: 36 mg

Antispasmodic agent Dizziness, drowsiness, bradycardia, 
hypotension, fatigue, 
hallucinations, xerostomia

Diazepam (Valium) PO: 0.1-0.8 mg/kg/day
IV: 0.05-0.3 mg/kg/dose every 4-8 hr
Max dose: 10 mg
Use lowest needed dose; use lower dose 

when combined with opioids or other 
sedating medications

Antispasmodic, anxiolytic, sedative, 
seizure prophylaxis, promotes sleep

Somnolence, unsteady gait

Cyclobenzaprine 
(Flexeril)

Patients >15 yr: 5 mg PO bid-tid
Max dose: 10 mg PO tid

Antispasmodic Blurry vision, dizziness, drowsiness, 
lightheadedness, xerostomia

Ketamine Loading dose: 0.25-0.5 mg/kg IV before 
incision

Infusion rate:
0.1-1 mg/kg per hr intraoperatively
0.05-0.1 mg/kg per hr postoperatively
Max parenteral dose 3,600 mg/day

Sedation, analgesic adjunct,  
especially beneficial for  
opioid-tolerant or chronic pain 
patients

Hallucinations, double/blurry 
vision, jerky muscle movements, 
drowsiness, loss of appetite, 
nausea

Lidocaine Loading dose: 1-1.5 mg/kg IV
Infusion rate:
1-2 mg/kg per hr intraoperatively
Max dose: 4.5 mg/kg (not to exceed 300 

mg in 2 hr)

Used during intraabdominal  
procedures to prevent severe  
postoperative pain

Cardiac arrhythmia,  
epilepsy/seizures, renal failure

Modified from Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 23.12, p. 510.
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An adolescent is starting amitriptyline for chronic pain. Which pre-treatment assessment is
specifically noted in the table?

A. A 12-lead ECG to assess QT interval

B. A routine brain biopsy

C. A daily chest radiograph

D. A serum lead concentration in every patient

E. A hearing screen before each dose

Original table 93.16  |  Nelson printed p. 690  |  PDF p. 736
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Antiepileptic Drugs
Antiepileptic drugs (AEDs), such as gabapentin, pregabalin, car-
bamazepine, and valproic acid, are believed to relieve chronic pain 
by blocking sodium (valproate and the gabapentinoids) or calcium 

(carbamazepine and oxcarbazepine) channels at the cellular neuronal 
level, thereby suppressing spontaneous electrical activity and restor-
ing the normal threshold to depolarization of hypersensitive noci-
ceptive neurons, without affecting normal nerve conduction. These 
medications are particularly useful in patients with mood disorders 
who have neuropathic pain. In adults, the FDA has approved carbam-
azepine for trigeminal neuralgia; valproate for migraine prophylaxis; 
and pregabalin for neuropathic pain complicating diabetes, herpes 
zoster, and for management of fibromyalgia. AEDs generally have GI 
side effects in addition to sedation, anemia, ataxia, rash, and hepato-
toxicity. The majority are also associated with weight gain. Carbam-
azepine and oxcarbazepine are also associated with Stevens-Johnson 
syndrome.

Liver function and CBC should be monitored at the start of ther-
apy and periodically with AEDs. Carbamazepine and valproic acid 
have narrow therapeutic windows and variability in therapeutic blood 
medication levels, in addition to many drug-drug interactions, and 
may cause liver disease and renal impairment. Drug levels should be 
measured with each dose increase and periodically thereafter. Carba-
mazepine, in particular, causes autoinduction of hepatic microsomal 
enzymes, which can further complicate obtaining a therapeutic medi-
cation level. Female patients should have pregnancy testing before tak-
ing valproate, and those who are sexually active must be cautioned to 
use effective contraception, because neural tube defects are associated 
with carbamazepine.

Less toxic AEDs (gabapentin and pregabalin) have supplanted the 
use of valproate and carbamazepine in patients with pain. These agents 
have their own side effect profiles, but they are much less toxic than 
their predecessors and do not require monitoring of liver or bone mar-
row function or blood levels. Furthermore, they are also far less lethal 
in accidental or deliberate overdose.

Gabapentin is approved for treatment of postherpetic neuralgia and 
is also widely prescribed for other pain disorders. It has demonstrated 
some efficacy in treating children with chronic pain, particularly neu-
ropathic pain, and is used in treatment of chronic headache disorders, 
complex regional pain syndromes, chemotherapy-induced neuropathy, 
and diabetic neuropathy in both children and adults. Gabapentin has 
a relatively benign side effect profile and no drug interactions. Side 
effects include somnolence, dizziness, and ataxia; children occasion-
ally demonstrate side effects not reported in adults, such as impulsive 

Table 93.16    � Medications for Pediatric Chronic Pain

MEDICATION DOSING COMMENTS

TRICYCLIC ANTIDEPRESSANTS
Amitriptyline, nortriptyline For patients ≥50 kg: Initial dose 5-10 mg PO qhs; titrate over 

2-3 weeks to 25-50 mg PO qhs
For patients 25-50 kg: Initial dose 0.1 mg/kg PO qhs. Titrate 

over 2-3 weeks to max dose of 0.5 mg/kg

Obtain 12-lead ECG for prolonged QT interval
Side effects are related to anticholinergic effects, 

including tachycardia, dry mouth, urinary  
retention, and sedation

Use with caution with other antidepressants  
because of risk of serotonin syndrome

Concomitant use with CYP2D6 inhibitors may lead 
to increased serum concentration

SELECTIVE SEROTONIN-NOREPINEPHRINE REUPTAKE INHIBITORS
Duloxetine (Cymbalta) For patients > 13 yr: Dose 30-60 mg PO daily; max 600 mg/day Review risk of suicidality

ANTICONVULSANTS
Gabapentin (Neurontin) For patients ≥50 kg: Initial dose 100-300 mg PO 1-2 times 

daily; titrate slowly to max dose of 1,800 mg/day divided 
tid; higher dosing possible in select patients
For patients <50 kg: Initial dose 2-5 mg/kg PO daily; titrate 

slowly to max dose of 35 mg/day divided tid; higher  
dosing possible in select patients

Side effects include drowsiness, concentration and 
memory impairments, and peripheral edema 
(rare)

Dose adjustment necessary with renal impairment

Pregabalin (Lyrica) Patients >12 yr of age: Initial dose 25-75 mg PO 1-2 times 
daily; titrate up to max of 300 mg/day divided bid or tid

Side effects include drowsiness, headaches, peripheral 
edema (rare), and thrombocytopenia (rare)

Titrate all medications according to clinical benefit and side effects; use lowest effective dose.
Antidepressants and anticonvulsants may increase the risk of suicidal thinking and behavior in children, adolescents, and young adults. Monitor 

closely for changes in mood or behavior.

Modified from Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. Philadelphia: Elsevier; 2022, Table 25.2, p. 580.

Pain diagnosis

Neuropathic pain

Neuropathic pain
diagnosis

Painful
neuropathy,

CRPS
Migraine, CDH Small fiber

neuropathy

Sleep
disturbance?Mood lability?

Valproic acid
Tricyclic

antidepressant

Nerve block

Antiepileptic
drug

Capsaicin

Conventional analgesics:
APAP, NSAIDs, Coxibs, Opioids

Somatic pain
Fail

Fail

FailFail
Fail Add

No

No
YesYes

Fig. 93.4  Algorithm for selection of conventional and nonconvention-
al analgesics. APAP, Acetaminophen; CDH, chronic daily headaches; 
CRPS, complex regional pain syndrome; NSAIDs, nonsteroidal antiin-
flammatory drugs.
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After a wrist injury, a child has ongoing pain disproportionate to the injury, allodynia, swelling,
temperature asymmetry, and restricted movement. Which diagnostic framework in the table
applies?

A. Budapest criteria for complex regional pain syndrome

B. NEXUS cervical rule

C. CRIES neonatal score

D. Gomez malnutrition grade

E. Phoenix sepsis score

Original table 93.17  |  Nelson printed p. 695  |  PDF p. 741

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 8
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Ilioinguinal and iliohypogastric nerve blocks are indicated with 
surgery for inguinal hernia repair, hydrocele, or orchidopexy repair 
and for chronic pain subsequent to these procedures. The first lum-
bar (L1) nerve divides into the iliohypogastric and ilioinguinal nerves, 
which emerge from the lateral border of the psoas major muscle. The 
iliohypogastric nerve supplies the suprapubic area as it pierces the 
transversus abdominis muscle and runs deep to the internal oblique 
muscle. The ilioinguinal nerve supplies the upper medial thigh and 
superior inguinal region, as it also pierces the transversus abdominis 
muscle and runs across the inguinal canal. Ultrasound guidance helps 
ensure success for this nerve block.

The celiac plexus block is indicated for surgery or pain of the pan-
creas and upper abdominal viscera. The celiac plexus, located on each 
side of the L1 vertebral body, contains one to five ganglia. The aorta 
lies posterior, the pancreas anterior, and the inferior vena cava lateral 
to these nerves. The celiac plexus receives sympathetic fibers from the 
greater, lesser, and least splanchnic nerves, as well as from parasym-
pathetic fibers from the vagus nerve. Autonomic fibers from the liver, 
gallbladder, pancreas, stomach, spleen, kidneys, intestines, and adrenal 
glands originate from the celiac plexus. This block is best performed 
with CT guidance to provide direct visualization of the appropriate 
landmarks, avoid vascular and visceral structures, and confirm correct 
needle placement. The close proximity of structures such as the aorta 
and vena cava make this a technical procedure best performed by an 
anesthesiologist, interventional pain physician, or interventional radi-
ologist. The evidence for use of this block for chronic pediatric pain 
is lacking; as such, this block should not be routinely employed in the 
treatment of chronic noncancer pain.

Nerve blocks have been used for the treatment of anterior cutaneous 
nerve entrapment syndrome (ACNES). ACNES is characterized by pain 
associated with use of abdominal muscles. On exam, this can be identi-
fied via Carnett sign. Pathology and causation in the pediatric popula-
tion are not well understood. Treatment may include identification of 
a specific pain source under ultrasound guidance with infiltration of a 
local anesthetic or local anesthetic and steroid mixture. Evidence for 
use of this procedure is limited. 

Lower Extremity Blocks
Lumbar plexus and sciatic nerve blocks provide pain control for pain-
ful conditions or surgical procedures of the lower extremities, with the 
benefit of providing analgesia to only one extremity while preserving 
motor and sensory function of the other. The lumbosacral plexus is 

an arrangement of nerve fibers originating from spinal nerves L2-L4 
and S1-S3. The lumbar plexus arises from L2-L4 and forms the lateral 
femoral cutaneous, femoral, and obturator nerves. These nerves supply 
the muscles and sensation of the upper leg, with a sensory branch of the 
femoral nerve (saphenous nerve) extending below the knee to inner-
vate the medial aspect of the foreleg, ankle, and foot. The sacral plexus 
arises from L4-S3 and divides into the major branches of the sciatic, 
tibial, and common peroneal nerves. These nerves in turn supply the 
posterior thigh, lower leg, and foot. Unlike the brachial plexus block, 
blockade of the entire lower extremity requires more than one injection 
because the lumbosacral sheath is not accessible. Separate injections 
are necessary for the posterior (sciatic) and anterior (lumbar plexus) 
branches, and the injections can be performed at any of several levels 
during the course of the nerve, as is clinically expedient. The lumbar 
plexus can be blocked in the back, resulting in analgesia of the femoral, 
lateral femoral cutaneous, and obturator nerves. Alternatively, any of 
these three nerves can be individually anesthetized, depending on the 
location of the pain. Similarly, the sciatic nerve can be anesthetized 
proximally as it emerges from the pelvis or, more distally, in the pos-
terior thigh, or its major branches (tibial and peroneal nerves) can be 
individually anesthetized. These nerve blocks are generally best per-
formed by an anesthesiologist, pain physician, or radiologist. 

Sympathetic Blocks
Sympathetic blocks were once thought to be useful in the diagnosis 
and treatment of sympathetically mediated pain, CRPS (Table 93.17), 
and other neuropathic pain conditions (Table 93.18), but large meta-
analyses have shown their utility to be minimal. When blocks of the 
sympathetic plexuses are performed, sympathectomy is obtained 

Table 93.17    � Budapest Criteria for Clinical Diagnosis  
of CRPS

	1.	� Pain (ongoing and disproportionate to any inciting event)
	2.	� Symptoms (reported): At least one symptom in three out of four 

of the following categories:
	 •	 �Sensory – Hyperesthesia and/or allodynia
	 •	 �Vasomotor – Temperature asymmetry and/or skin color changes and/or 

skin color asymmetry
	 •	 �Sudomotor/Edema – Edema and/or sweating changes and/or sweating 

asymmetry
	 •	 �Motor/Trophic – Decreased range of motion and/or motor dysfunction 

(weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin)
	3.	� Signs (examined): At least one sign in two out of four of the  

following categories:
	 •	 �Sensory – Hyperalgesia (to pinprick) and/or allodynia (to light touch and/

or temperature sensation and/or deep somatic pressure and/or joint 
movement)

	 •	 �Vasomotor – Temperature asymmetry (>1°C) and/or skin color changes 
and/or asymmetry

	 •	 �Sudomotor/Edema – Edema and/or sweating changes and/or sweating 
asymmetry

	 •	 �Motor/Trophic – Decreased range of motion and/or motor dysfunction 
(weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin)

	4.	� Diagnosis of exclusion: No other diagnosis better explains the 
signs and symptoms.

CRPS, Complex regional pain syndrome
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. 
Philadelphia: Elsevier; 2022, Box 25.1, p. 583.

Table 93.18    � Examples of Neuropathic Pain Syndromes

PERIPHERAL NERVOUS SYSTEM FOCAL AND  
MULTIFOCAL LESIONS
Postherpetic neuralgia
Cranial neuralgias (e.g., trigeminal neuralgia, glossopharyngeal 

neuralgia)
Diabetic mononeuropathy
Nerve entrapment syndromes
Plexopathy from malignancy or irradiation

Phantom limb pain
Posttraumatic neuralgia (e.g., nerve root compression, after 

thoracotomy)
Ischemic neuropathy

Complex regional pain syndrome types 1 and 2
Erythromelalgia

PERIPHERAL NERVOUS SYSTEM GENERALIZED  
POLYNEUROPATHIES
Metabolic/nutritional: Diabetes mellitus, pellagra, beriberi, multiple 

nutritional deficiency, hypothyroidism
Toxic: Alcohol-, platinum-, or taxane-based chemotherapy; isoniazid; 

antiretroviral drugs
Infective/autoimmune: HIV, acute inflammatory polyneuropathy 

(Guillain-Barré syndrome), neuroborreliosis (Bannwarth syndrome)
Hereditary: Fabry disease
Malignancy: Carcinomatosis
Others: Idiopathic small fiber neuropathy, erythromelalgia

CENTRAL NERVOUS SYSTEM LESIONS
Spinal cord injury
Prolapsed disc
Stroke (brain infarction, spinal infarction)
Multiple sclerosis
Surgical lesions (e.g., rhizotomy, cordotomy)
Complex neuropathic disorders
Complex regional pain syndrome types 1 and 2

Adapted from Freynhagen R, Bennett MI. Diagnosis and management of neuropathic 
pain. BMJ. 2009;339:b3002.
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A child develops persistent burning pain along a peripheral nerve distribution after surgery.
Which category of pain syndrome is listed?

A. Posttraumatic neuropathic pain

B. Pure visceral pain

C. Normal bone growth

D. Reflex vasovagal syncope

E. Isolated seasonal allergy

Original table 93.18  |  Nelson printed p. 695  |  PDF p. 741

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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Ilioinguinal and iliohypogastric nerve blocks are indicated with 
surgery for inguinal hernia repair, hydrocele, or orchidopexy repair 
and for chronic pain subsequent to these procedures. The first lum-
bar (L1) nerve divides into the iliohypogastric and ilioinguinal nerves, 
which emerge from the lateral border of the psoas major muscle. The 
iliohypogastric nerve supplies the suprapubic area as it pierces the 
transversus abdominis muscle and runs deep to the internal oblique 
muscle. The ilioinguinal nerve supplies the upper medial thigh and 
superior inguinal region, as it also pierces the transversus abdominis 
muscle and runs across the inguinal canal. Ultrasound guidance helps 
ensure success for this nerve block.

The celiac plexus block is indicated for surgery or pain of the pan-
creas and upper abdominal viscera. The celiac plexus, located on each 
side of the L1 vertebral body, contains one to five ganglia. The aorta 
lies posterior, the pancreas anterior, and the inferior vena cava lateral 
to these nerves. The celiac plexus receives sympathetic fibers from the 
greater, lesser, and least splanchnic nerves, as well as from parasym-
pathetic fibers from the vagus nerve. Autonomic fibers from the liver, 
gallbladder, pancreas, stomach, spleen, kidneys, intestines, and adrenal 
glands originate from the celiac plexus. This block is best performed 
with CT guidance to provide direct visualization of the appropriate 
landmarks, avoid vascular and visceral structures, and confirm correct 
needle placement. The close proximity of structures such as the aorta 
and vena cava make this a technical procedure best performed by an 
anesthesiologist, interventional pain physician, or interventional radi-
ologist. The evidence for use of this block for chronic pediatric pain 
is lacking; as such, this block should not be routinely employed in the 
treatment of chronic noncancer pain.

Nerve blocks have been used for the treatment of anterior cutaneous 
nerve entrapment syndrome (ACNES). ACNES is characterized by pain 
associated with use of abdominal muscles. On exam, this can be identi-
fied via Carnett sign. Pathology and causation in the pediatric popula-
tion are not well understood. Treatment may include identification of 
a specific pain source under ultrasound guidance with infiltration of a 
local anesthetic or local anesthetic and steroid mixture. Evidence for 
use of this procedure is limited. 

Lower Extremity Blocks
Lumbar plexus and sciatic nerve blocks provide pain control for pain-
ful conditions or surgical procedures of the lower extremities, with the 
benefit of providing analgesia to only one extremity while preserving 
motor and sensory function of the other. The lumbosacral plexus is 

an arrangement of nerve fibers originating from spinal nerves L2-L4 
and S1-S3. The lumbar plexus arises from L2-L4 and forms the lateral 
femoral cutaneous, femoral, and obturator nerves. These nerves supply 
the muscles and sensation of the upper leg, with a sensory branch of the 
femoral nerve (saphenous nerve) extending below the knee to inner-
vate the medial aspect of the foreleg, ankle, and foot. The sacral plexus 
arises from L4-S3 and divides into the major branches of the sciatic, 
tibial, and common peroneal nerves. These nerves in turn supply the 
posterior thigh, lower leg, and foot. Unlike the brachial plexus block, 
blockade of the entire lower extremity requires more than one injection 
because the lumbosacral sheath is not accessible. Separate injections 
are necessary for the posterior (sciatic) and anterior (lumbar plexus) 
branches, and the injections can be performed at any of several levels 
during the course of the nerve, as is clinically expedient. The lumbar 
plexus can be blocked in the back, resulting in analgesia of the femoral, 
lateral femoral cutaneous, and obturator nerves. Alternatively, any of 
these three nerves can be individually anesthetized, depending on the 
location of the pain. Similarly, the sciatic nerve can be anesthetized 
proximally as it emerges from the pelvis or, more distally, in the pos-
terior thigh, or its major branches (tibial and peroneal nerves) can be 
individually anesthetized. These nerve blocks are generally best per-
formed by an anesthesiologist, pain physician, or radiologist. 

Sympathetic Blocks
Sympathetic blocks were once thought to be useful in the diagnosis 
and treatment of sympathetically mediated pain, CRPS (Table 93.17), 
and other neuropathic pain conditions (Table 93.18), but large meta-
analyses have shown their utility to be minimal. When blocks of the 
sympathetic plexuses are performed, sympathectomy is obtained 

Table 93.17    � Budapest Criteria for Clinical Diagnosis  
of CRPS

	1.	� Pain (ongoing and disproportionate to any inciting event)
	2.	� Symptoms (reported): At least one symptom in three out of four 

of the following categories:
	 •	 �Sensory – Hyperesthesia and/or allodynia
	 •	 �Vasomotor – Temperature asymmetry and/or skin color changes and/or 

skin color asymmetry
	 •	 �Sudomotor/Edema – Edema and/or sweating changes and/or sweating 

asymmetry
	 •	 �Motor/Trophic – Decreased range of motion and/or motor dysfunction 

(weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin)
	3.	� Signs (examined): At least one sign in two out of four of the  

following categories:
	 •	 �Sensory – Hyperalgesia (to pinprick) and/or allodynia (to light touch and/

or temperature sensation and/or deep somatic pressure and/or joint 
movement)

	 •	 �Vasomotor – Temperature asymmetry (>1°C) and/or skin color changes 
and/or asymmetry

	 •	 �Sudomotor/Edema – Edema and/or sweating changes and/or sweating 
asymmetry

	 •	 �Motor/Trophic – Decreased range of motion and/or motor dysfunction 
(weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin)

	4.	� Diagnosis of exclusion: No other diagnosis better explains the 
signs and symptoms.

CRPS, Complex regional pain syndrome
From Davis PJ, Cladis FP, eds. Smith’s Anesthesia for Infants and Children, 10th ed. 
Philadelphia: Elsevier; 2022, Box 25.1, p. 583.

Table 93.18    � Examples of Neuropathic Pain Syndromes

PERIPHERAL NERVOUS SYSTEM FOCAL AND  
MULTIFOCAL LESIONS
Postherpetic neuralgia
Cranial neuralgias (e.g., trigeminal neuralgia, glossopharyngeal 

neuralgia)
Diabetic mononeuropathy
Nerve entrapment syndromes
Plexopathy from malignancy or irradiation

Phantom limb pain
Posttraumatic neuralgia (e.g., nerve root compression, after 

thoracotomy)
Ischemic neuropathy

Complex regional pain syndrome types 1 and 2
Erythromelalgia

PERIPHERAL NERVOUS SYSTEM GENERALIZED  
POLYNEUROPATHIES
Metabolic/nutritional: Diabetes mellitus, pellagra, beriberi, multiple 

nutritional deficiency, hypothyroidism
Toxic: Alcohol-, platinum-, or taxane-based chemotherapy; isoniazid; 

antiretroviral drugs
Infective/autoimmune: HIV, acute inflammatory polyneuropathy 

(Guillain-Barré syndrome), neuroborreliosis (Bannwarth syndrome)
Hereditary: Fabry disease
Malignancy: Carcinomatosis
Others: Idiopathic small fiber neuropathy, erythromelalgia

CENTRAL NERVOUS SYSTEM LESIONS
Spinal cord injury
Prolapsed disc
Stroke (brain infarction, spinal infarction)
Multiple sclerosis
Surgical lesions (e.g., rhizotomy, cordotomy)
Complex neuropathic disorders
Complex regional pain syndrome types 1 and 2

Adapted from Freynhagen R, Bennett MI. Diagnosis and management of neuropathic 
pain. BMJ. 2009;339:b3002.
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A child with cancer has severe pain despite lower-step therapy. Which analgesic category does
the WHO ladder table assign to its highest step?

A. A strong opioid with appropriate adjuncts

B. No medication despite severe pain

C. Only a topical antihistamine

D. A diuretic without analgesia

E. An antibiotic regardless of infection

Original table 93.19  |  Nelson printed p. 697  |  PDF p. 743

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10

Chapter 93  u  Pediatric Pain Management  697

Table 93.19    � World Health Organization Analgesic Ladder 
for Cancer Pain

STEP 1
Patients who present with mild to moderate pain should be treated 

with a nonopioid.

STEP 2
Patients who present with moderate to severe pain or for whom 

the step 1 regimen fails should be treated with an oral opioid for 
moderate pain combined with a nonopioid analgesic.

STEP 3
Patients who present with very severe pain or for whom the step 

2 regimen fails should be treated with an opioid used for severe 
pain, with or without a nonopioid analgesic.

neonatologists use opioids in painful situations. Sucrose and pacifiers 
are also being used in the NICU. The effects of 24% sucrose (Swee-
tease) are believed to be opioid mediated because the effect can be 
reversed with naloxone. Sucrose, with or without a pacifier, may be 
effective for acute pain and stress control. Other nonpharmacologic 
strategies for stress and pain control include infant care by an indi-
vidual primary nurse, tactile-kinesthetic stimuli (massage), “kangaroo 
care,” and soothing sensorial saturation. 

Children With Cancer Pain
The World Health Organization (WHO) proposed an analgesic ther-
apy model for cancer pain known as the analgesic ladder (Table 93.19). 
Designed to guide therapy in care systems with limited access to anal-
gesic experts, this ladder consists of a hierarchy of oral pharmacologic 
interventions intended to treat pain of increasing magnitude. The hier-
archy ignores modalities such as the use of nonconventional analgesics 
and interventional pain procedures, which physicians in developed 
countries are often able to prescribe. Nevertheless, because oral medi-
cations are simple and efficacious, especially for home use, the ladder 
presents a framework for rationally using them, before applying other 
drugs and techniques of drug administration.

Oral medications are the first line of analgesic treatment. Because 
NSAIDs affect platelet adhesiveness, they are typically not used. As 
noted earlier, celecoxib may be the exception to this rule. Opioid ther-
apy is the preferred approach for moderate or severe pain. Nonopioid 
analgesics are used for mild pain, a weak opioid is added for moderate 
pain, and strong opioids are administered for more severe pain. Adju-
vant analgesics can be added, and side effects and comorbid symptoms 
are actively managed. Determining the type and sources of the pain 
will help develop an effective analgesic plan. Certain treatments, such 
as the chemotherapeutic agent vincristine, are associated with neuro-
pathic pain. Such pain might require anticonvulsants or TCAs. Stretch-
ing pain from tumor growth within an organ might require strong 
opioids and/or radiation therapy if the tumor is radiosensitive. Organ 
obstruction, such as intestinal obstruction, should be diagnosed to 
relieve or bypass the obstruction.

It is important to consider both pharmacologic and nonpharmaco-
logic strategies (e.g., CBT, family/parent support) to treat pain in chil-
dren with cancer. 

Children with Pain Associated with Advanced 
Disease
Patients with advanced diseases, including cancer, acquired immu-
nodeficiency syndrome (AIDS), neurodegenerative disorders, and 
cystic fibrosis, need palliative care approaches that focus on optimal 
quality of life. Nonpharmacologic and pharmacologic management 
of pain and other distressing symptoms is a key component. Palliative 
care should be offered to all children with serious diseases, whether 
or not the diseases are potentially curable or long life expectancy is 
predicted (see Chapter 8). Examples include young children diag-
nosed with acute lymphoblastic leukemia (>90% posttreatment life 

expectancy) and children undergoing organ transplantation. Pallia-
tive care in pediatrics connotes treatment that focuses on symptom 
reduction, quality of life, and good family and clinical team commu-
nication. It is not only for patients in hospice care or those at the end 
of life. Differences in the progression of underlying illness, associated 
distressing symptoms, and common emotional responses in these 
conditions should shape individual treatment plans. For end-of-life 
care, >90% of children and adolescents with cancer can be made 
comfortable by standard escalation of opioids according to the WHO 
protocol. A small subgroup (5%) requires enormous opioid dose esca-
lation to >100 times the standard morphine or other opiate infusion 
rate. Most of these patients have spread of solid tumors to the spi-
nal cord, roots, or plexus, and signs of neuropathic pain are evident. 
Methadone given orally is often used in palliative care, not only end-
of-life care, because of its long half-life and its targets at both opioid 
and NMDA receptors.

The type of pain experienced by the patient (neuropathic, myofas-
cial) should determine the need for adjunctive agents. Complementary 
measures, such as massage, hypnotherapy, and spiritual care, must also 
be offered in palliative care. Although the oral route of opioid admin-
istration should be encouraged, especially to facilitate care at home, if 
possible, some children are unable to take oral opioids. Transdermal 
and sublingual routes, as well as IV infusion with PCA, are likely next 
choices. Small, portable infusion pumps are convenient for home use. 
If venous access is limited, a useful alternative is to administer opi-
oids (especially morphine or hydromorphone, but not methadone or 
meperidine) through continuous SC infusion, with or without a bolus 
option. A small (e.g., 22-gauge) cannula is placed under the skin and 
secured on the thorax, abdomen, or thigh. Sites may be changed every 
3-7 days, as needed. As noted, alternative routes for opioids include the 
transdermal and oral transmucosal routes. These latter routes are pre-
ferred over IV and SC drug delivery when the patient is being treated 
at home. 

CHRONIC AND RECURRENT PAIN SYNDROMES
Chronic pain is defined as recurrent or persistent pain lasting longer 
than the normal tissue healing time (3-6 months). Children may expe-
rience pain related to injury (e.g., burns) or to a chronic or underlying 
disease process (e.g., cancer, arthritis), or pain can also be the chronic 
condition itself (e.g., CRPS, fibromyalgia, functional abdominal pain) 
(see Chapter 212). During childhood, abdominal, musculoskeletal, and 
headache pain are the most frequently occurring conditions. However, 
definitions of chronic pain do not take into account standard criteria 
for assessing particular pain symptoms or for evaluating the inten-
sity or impact of pain and therefore include individuals with varying 
symptoms and experiences. Consequently, in epidemiologic surveys, 
prevalence estimates vary widely. Overall prevalence rates for different 
childhood pains range from 4% to 88%. An average of 13.5–31.8% of 
adolescents in a community sample reported having weekly abdomi-
nal, headache, or musculoskeletal pains. Most epidemiologic studies 
report prevalence and do not report the severity or impact of the pain. 
Research indicates that only a subset of children and adolescents with 
chronic pain (approximately 5%) experience moderate to severe dis-
ability, and this likely better represents the estimated population for 
whom help is needed to treat pain and associated problems.

Neuropathic Pain Syndromes
Neuropathic pain is caused by abnormal excitability in the periph-
eral or central nervous system that may persist after an injury heals 
or inflammation subsides. The pain, which can be acute or chronic, 
is typically described as burning or stabbing and may be associated 
with cutaneous hypersensitivity (allodynia), distortion of sensation 
(dysesthesia), and amplification of noxious sensations (hyperalgesia 
and hyperpathia). Neuropathic pain conditions may be responsible 
for >35% of referrals to chronic pain clinics, conditions that typically 
include posttraumatic and postsurgical peripheral nerve injuries, 
phantom pain after amputation, pain after spinal cord injury, and pain 
caused by metabolic neuropathies (see Table 93.18). Patients with neu-
ropathic pain typically respond poorly to opioids. Evidence supports 
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A teenager has inherited episodes of burning red feet precipitated by warmth. Which channel
gene in the table is associated with inherited erythromelalgia?

A. SCN9A

B. CFTR

C. FMR1

D. PAH

E. DMD

Original table 93.20  |  Nelson printed p. 698  |  PDF p. 744

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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the efficacy of antidepressants (nortriptyline, amitriptyline, venlafax-
ine, duloxetine) and anticonvulsants (gabapentin, pregabalin, oxcar-
bazepine) for treatment of neuropathic pain (see Table 93.16).

Complex regional pain syndrome is well described in the pediat-
ric population (see Chapter 211 and Table 93.17). CRPS type 1 is a 
syndrome of neuropathic pain that typically follows an antecedent and 
usually minor injury or surgery to an extremity without identifiable 
nerve injury. It is seen after injury such as sprain or fracture or even 
in instances as minimal as an IV start. The syndrome of CRPS type 1 
includes severe spontaneous neuropathic pain, hyperpathia, hyperal-
gesia, severe cutaneous allodynia to touch and cold, changes in blood 
flow (typically extremity cyanosis), and increased sweating. In more 
advanced cases, symptoms include dystrophic changes of the hair, 
nails, and skin; immobility of the extremity (dystonia); and muscle 
atrophy. In the most advanced cases, symptoms include ankylosis of 
the joints of the extremity. Specific causal factors in CRPS type 1 in 
both children and adults remain elusive, although coincidental events 
may be noted. CRPS type 2 clinically appears the same with respect to 
symptoms but is associated with a known nerve injury.
Treatment of CRPS in children has been extrapolated from that in 

adults, with some evidence for efficacy of physical therapy, CBT, nerve 
blocks, antidepressants, AEDs, and other related drugs. All experts in 
pediatric pain management agree on the value of aggressive physical 
therapy, including desensitization. Some centers provide aggressive 
therapy without the use of pharmacologic agents or interventional 
nerve blocks. Unfortunately, recurrent episodes of CRPS may be seen 
in up to 25–50% of patients, particularly adolescent females. Physical 
therapy can be extraordinarily painful for children to endure; it is tol-
erated only by the most stoic and motivated patients. If children have 
difficulty enduring the pain, there is a well-established role for pharma-
cologic agents, with or without peripheral or central neuraxial nerve 
blocks, to render the affected limb sufficiently analgesic so that physical 
therapy can be tolerated. Pharmacologic interventions include the use 
of AEDs such as gabapentin and/or TCAs such as amitriptyline (see 
Fig. 93.4). Although there is clear evidence of a peripheral inflamma-
tory component of CRPS, with release of cytokines and other inflam-
matory mediators from the peripheral nervous system in the affected 
limb, the use of antiinflammatory agents has been disappointing. Com-
mon nerve block techniques include IV regional anesthetics, epidural 
analgesia, and peripheral nerve blocks. In extreme and refractory cases, 

more invasive strategies have been reported, including surgical sympa-
thectomy and spinal cord stimulation, although these are not generally 
recommended in the pediatric population

Although an array of treatments has some benefit, the mainstay 
of treatment remains physical therapy emphasizing desensitization, 
strengthening, and functional improvement. Additionally, pharmaco-
logic agents and psychologic and complementary therapies are impor-
tant components of a treatment plan. Invasive techniques, although 
not curative, can be helpful if they permit the performance of frequent 
and aggressive physical therapy that cannot be carried out otherwise. 
A good biopsychosocial evaluation will help determine the orientation 
of the treatment components. There are insufficient data to indicate the 
superior value of interventional blocks, such as epidural anesthesia, in 
children with CRPS over physical and psychologic interventions, with 
or without pharmacologic support. 

Myofascial Pain Disorders and Fibromyalgia
Myofascial pain disorders are associated with tender points in the 
affected muscles and with muscle spasms (tight muscles). Treatment 
is targeted at relaxing the affected muscles through physical therapy, 
Iyengar yoga, massage, and acupuncture. Rarely are pharmacologic 
muscle relaxants helpful other than for creating tiredness at night for 
sleep. Dry needling or injections of local anesthetic into the tender 
points has been advocated, but the data do not support this as a stan-
dard treatment. Similarly, although botulinum toxin injections may 
be used, no data support this practice in children. Often, poor body 
postures, repetitive use of a body part not accustomed to that move-
ment, or carrying heavy backpacks initiates pain. When it becomes 
widespread, a diagnosis may be made of juvenile fibromyalgia, which 
may or may not continue to subsequently become adult fibromyalgia. 
Newer guidelines do not use “tender points” in the diagnosis of fibro-
myalgia. Instead, diagnosis relies on a model that assesses for wide-
spread pain and symptom severity (see Chapter 211). Likely there are 
different subtypes of widespread pain syndromes, and physical therapy 
is a key component of treatment. Psychologic interventions may play 
an important role to assist the child in resuming normal activities and 
to manage any psychologic comorbidities. Any pain rehabilitation plan 
should enhance return to full function. Because there is a high inci-
dence of chronic pain in parents of children presenting with a chronic 
pain condition, especially fibromyalgia, attention to parent and family 

Table 93.20    � Clinical Features of Human Disorders Caused by Pathologic Variants in Ion-Channel Genes That Lead to Altered 
Pain Perception and Are Inherited in a Mendelian Manner

AFFECTED GENE 
(PROTEIN)

TYPE AND EFFECT OF 
MUTATION MAIN PHENOTYPE

ADDITIONAL 
FEATURES

Inherited erythromelalgia SCN9A (Nav1.7) Heterozygous, activating Onset by age 20 yr; episodic pain 
triggered by warmth; feet affected more 
frequently than hands

Erythema of feet

Paroxysmal extreme pain 
disorder

SCN9A (Nav1.7) Heterozygous, activating Onset at birth; episodic pain; sacral 
region is affected most frequently, face 
is affected more often than the limbs; 
physical triggers include defecation

Erythema of the 
sacrum; tonic 
attacks

Small fiber neuropathy SCN9A (Nav1.7) Heterozygous, activating Onset at any age but more common in 
early adulthood; persistent burning pain; 
feet affected more frequently than hands

Could be 
autonomic 
features

Small fiber neuropathy SCN10A (Nav1.8) Heterozygous, activating Persistent burning pain Could be autonomic 
features

Familial episodic pain 
syndrome type I

TRPA1 (TRPA1) Heterozygous, activating Onset at birth or in infancy; episodic chest 
or arm pain; triggers are hunger and cold

—

Familial episodic pain 
syndrome type III

SCN11A (Nav1.9) Heterozygous, activating Onset in first decade; episodic hand and 
foot pain; triggers are intercurrent illness 
or exercise

—

Nav, Sodium ion channel.
Modified from Bennett DLH, Woods CG. Painful and painless channelopathies. Lancet Neurol. 2014;13:587–599, Table 1, p. 590.
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A toddler ingests a small quantity of liquid lamp oil and then coughs persistently. Which
principal toxicity is linked to aliphatic hydrocarbons in the table?

A. Acute lung injury

B. Congenital deafness

C. Primary retinal detachment

D. Hypothyroidism

E. Rickets

Original table 94.1  |  Nelson printed p. 701  |  PDF p. 747

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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Table 94.1    � Common Agents Potentially Toxic to Young 
Children (<6 yr) in Small Doses*

SUBSTANCE TOXICITY

Aliphatic hydrocarbons (e.g., 
gasoline, kerosene, lamp oil)

Acute lung injury

Antimalarials (chloroquine, 
quinine)

Seizures, dysrhythmias

Benzocaine Methemoglobinemia

β-Adrenergic receptor blockers† Bradycardia, hypotension

Calcium channel blockers Bradycardia, hypotension,  
hyperglycemia

Camphor Seizures

Caustics (pH <2 or >12) Airway, esophageal and gastric 
burns

Clonidine Lethargy, bradycardia,  
hypotension

Diphenoxylate and atropine 
(Lomotil)

CNS depression, respiratory 
depression

Ethylene glycol Altered mental status, seizures

Hypoglycemics, oral 
(sulfonylureas and meglitinides)

Hypoglycemia, seizures

Imidazolines (oxymetazoline, 
tetrahydrozoline)

CNS depression, respiratory 
depression

Laundry detergent packets 
(pods)

Airway issues, respiratory distress, 
altered mental status

Lindane Seizures

Marijuana (cannabis, THC) Lethargy, seizures, coma

Monoamine oxidase inhibitors Hypertension followed by delayed 
cardiovascular collapse

Methyl salicylate Tachypnea, metabolic acidosis, 
seizures

Opioids (especially methadone, 
buprenorphine)

CNS depression, respiratory 
depression

Organophosphate pesticides Cholinergic crisis

Phenothiazines (especially 
chlorpromazine, thioridazine)

Seizures, dysrhythmias

Sulfonylureas (glipizide, 
glyburide)

Hypoglycemia

Theophylline Seizures, dysrhythmias

Tricyclic antidepressants CNS depression, seizures,  
dysrhythmias, hypotension

*“Small dose” typically implies one to two pills or 5 mL.
†Lipid-soluble β blockers (e.g., propranolol) are more toxic than water-soluble β 

blockers (e.g., atenolol).
CNS, Central nervous system.

APPROACH TO THE POISONED PATIENT
The initial approach to the patient with a witnessed or suspected poi-
soning should be no different than that in any other sick child, start-
ing with stabilization and rapid assessment of the airway, breathing, 
circulation (pulse, blood pressure), and mental state. In any patient 
with altered mental status, a serum glucose concentration should be 
obtained early, and naloxone administration should be considered if 
there is coma or respiratory depression. A targeted history and physi-
cal examination serve as the foundation for a thoughtful differential 

diagnosis, which can then be further refined through laboratory testing 
and other diagnostic studies.

History
Obtaining an accurate problem-oriented history is of paramount impor-
tance. Intentional poisonings (suicide attempts, drug abuse/misuse) are 
typically more severe than unintentional, exploratory ingestions. In 
patients without a witnessed exposure, historical features such as age 
of the child (toddler or adolescent), acute onset of symptoms without 
prodrome, multisystem organ dysfunction, or high levels of household 
stress should suggest a possible diagnosis of poisoning. In patients with 
a witnessed exposure, determining exactly what the child was exposed 
to and the circumstances surrounding the exposure is crucial to initiat-
ing directed therapy quickly. For household and workplace products, 
names (brand, generic, chemical) and specific ingredients, along with 
their concentrations, can often be obtained from the labels. PCC spe-
cialists can also help to identify possible ingredients and review the 
potential toxicities of each component. Poison center specialists can 
also help identify pills based on markings, shape, and color. If referred 
to the hospital for evaluation, parents should be instructed to bring the 
products, pills, and/or containers with them to assist with identifying 
and quantifying the exposure. If a child is found with an unknown pill, 
a list of all medications in the child’s environment, including medica-
tions that grandparents, parents, siblings, caregivers, or other visitors 
might have brought into the house, must be obtained. In the case of an 
unknown exposure, clarifying where the child was found (e.g., garage, 
kitchen, laundry room, bathroom, backyard, workplace) can help to 
generate a list of potential toxins.

Next, it is important to clarify the timing of the ingestion and to 
obtain some estimate of how much of the substance may have been 
ingested. It is better to overestimate the amount ingested to prepare 
for the worst-case scenario. Counting pills or measuring the remaining 
volume of a liquid ingested can sometimes be useful in generating esti-
mates. For inhalational, ocular, or dermal exposures, the concentration 
of the agent and the length of contact time with the material should be 
determined, if possible.

Symptoms
Obtaining a description of symptoms experienced after ingestion, 
including their timing of onset relative to the time of ingestion and 
their progression, can generate a list of potential toxins and help antici-
pate the severity of the ingestion. Coupled with physical exam findings, 
reported symptoms assist practitioners in identifying toxidromes, or 
recognized poisoning syndromes, suggestive of toxicity from specific 
substances or classes of substances (Tables 94.2 to 94.5). 

Past Medical and Developmental History
Underlying diseases can make a child more susceptible to the effects 
of a toxin. Concurrent drug therapy can also increase toxicity because 
certain drugs may interact with the toxin. A history of psychiatric ill-
ness can make patients more prone to substance abuse, misuse, inten-
tional ingestions, and polypharmacy complications. Pregnancy is a 
common precipitating factor in adolescent suicide attempts and can 
influence both evaluation of the patient and subsequent treatment. A 
developmental history is important to ensure that the exposure history 
provided is appropriate for the child’s developmental stage (e.g., report 
of 6-month-old picking up a large container of laundry detergent and 
drinking it should indicate a “red flag”). 

Social History
Understanding the child’s social environment helps to identify poten-
tial sources of exposure (caregivers, visitors, grandparents, recent par-
ties or social gatherings) and social circumstances (new baby, parent’s 
illness, financial stress) that might have contributed to the ingestion 
(suicide or unintentional). Unfortunately, some poisonings occur in 
the setting of serious neglect or intentional abuse. 
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An unconscious child has pinpoint pupils after an unknown exposure. Which toxicant class
does the selected-physical-findings table associate with miosis?

A. Opioids

B. Anticholinergics

C. Sympathomimetics

D. Atropine

E. Cocaine

Original table 94.2  |  Nelson printed p. 702  |  PDF p. 748

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13

702  Part VII  u  Emergency Medicine, Critical Care, and Anesthesia

Table 94.2    � Selected Historical and Physical Findings in Poisoning

SIGN TOXIN

ODOR
Bitter almonds Cyanide
Acetone Isopropyl alcohol, methanol, paraldehyde, salicylates
Rotten eggs Hydrogen sulfide, sulfur dioxide, methyl mercaptans (additive to natural gas)
Wintergreen Methyl salicylate
Garlic Arsenic, thallium, organophosphates, selenium
Mothballs Camphor, naphthalene
Freshly mowed hay Phosgene
Carrots Water hemlock
Gasoline Petroleum distillates

OCULAR SIGNS
Miosis Opioids (except propoxyphene, meperidine, and pentazocine), organophosphates and other cholinergics, 

clonidine, phenothiazines (typical antipsychotics), sedative-hypnotics, olanzapine
Mydriasis Anticholinergics (e.g., antihistamines, TCAs, atropine), sympathomimetics (cocaine, amphetamines, PCP), 

post–anoxic encephalopathy, opiate withdrawal, cathinones, MDMA
Nystagmus Anticonvulsants, sedative-hypnotics, alcohols, PCP, ketamine, dextromethorphan
Lacrimation Organophosphates, irritant gas or vapors
Retinal hyperemia Methanol

CUTANEOUS SIGNS
Diaphoresis Cholinergics (organophosphates), sympathomimetics, salicylates, phencyclidine (PCP), withdrawal  

syndromes
Alopecia Thallium, arsenic
Erythema Boric acid, elemental mercury, cyanide, carbon monoxide, disulfiram, scombroid, anticholinergics,  

vancomycin
Cyanosis (unresponsive to oxygen) Methemoglobinemia (e.g., benzocaine, dapsone, nitrites, phenazopyridine), amiodarone, silver
Bullae/blisters Barbiturates, mustard gas, xylazine, snake, spiders

ORAL SIGNS
Salivation Organophosphates, salicylates, corrosives, ketamine, PCP, strychnine
Oral burns Corrosives, oxalate-containing plants
Gum lines Lead, mercury, arsenic, bismuth

GASTROINTESTINAL SIGNS
Diarrhea Antimicrobials, arsenic, iron, boric acid, cholinergics, colchicine, opioid withdrawal
Hematemesis Arsenic, iron, caustics, NSAIDs, salicylates
Constipation Lead

CARDIAC SIGNS
Tachycardia Sympathomimetics, anticholinergics, antidepressants, antipsychotics, methylxanthines (theophylline, 

caffeine), salicylates, cellular asphyxiants (cyanide, carbon monoxide, hydrogen sulfide), withdrawal 
(ethanol, sedatives, clonidine, opioids), serotonin syndrome, neuroleptic malignant syndrome, MDMA, 
cathinones

Bradycardia β Blockers, calcium channel blockers, digoxin, clonidine, organophosphates, opioids, sedative-hypnotics 
xylazine

Hypertension Sympathomimetics, anticholinergics, monoamine oxidase inhibitors, serotonin syndrome, nicotine,  
caffeine, neuroleptic malignant syndrome, clonidine withdrawal

Hypotension β Blockers, calcium channel blockers, cyclic antidepressants, iron, antipsychotics, barbiturates, clonidine, 
opioids, arsenic, amatoxin mushrooms, cellular asphyxiants (cyanide, carbon monoxide, hydrogen 
sulfide), snake envenomation, xylazine

RESPIRATORY SIGNS
Depressed respirations Opioids, sedative-hypnotics, alcohol, clonidine, marijuana, barbiturates, xylazine
Tachypnea Salicylates, sympathomimetics, caffeine, metabolic acidosis, carbon monoxide, hydrocarbon aspiration

CENTRAL NERVOUS SYSTEM SIGNS
Ataxia Alcohols, anticonvulsants, sedative-hypnotics, lithium, dextromethorphan, carbon monoxide, inhalants
Coma Opioids, sedative-hypnotics, anticonvulsants, antidepressants, antipsychotics, ethanol, anticholinergics, 

clonidine, GHB, alcohols, salicylates, barbiturates, hypoglycemics, lead, arsenic, rohypnol, carbon 
monoxide

Seizures Sympathomimetics, anticholinergics, antidepressants (especially TCAs, bupropion, venlafaxine), 
cholinergics (organophosphates), isoniazid, camphor, lindane, salicylates, lead, nicotine, tramadol, 
water hemlock, withdrawal (especially ethanol), strychnine, cocaine

Delirium/psychosis Sympathomimetics, anticholinergics, LSD, PCP, hallucinogens, lithium, dextromethorphan, steroids, 
withdrawal, MDMA, cathinones

Peripheral neuropathy Lead, arsenic, mercury, organophosphates, nicotine
Hypothermia Carbon monoxide, opioids, oral hypoglycemics, liquor, sedative-hypnotics
Hyperthermia Antihistamines, amphetamines, salicylates, antidepressants (TCAs), antipsychotics, serotonin syndrome, 

neuroleptic malignant syndrome, withdrawal (alcohol, baclofen)

GHB, γ-Hydroxybutyrate; LSD, lysergic acid diethylamide; MDMA, 3,4-methylenedioxymethamphetamine (ecstasy); NSAIDs, nonsteroidal antiinflammatory drugs; PCP, phencyclidine; 
TCAs, tricyclic antidepressants.
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A toddler has somnolence, bradycardia, and pinpoint pupils after a possible household
medication exposure. Which agent in the alpha-2 agonist mini-toxidrome is a likely cause?

A. Clonidine

B. Atropine

C. Albuterol

D. Diphenhydramine

E. Cocaine

Original table 94.4  |  Nelson printed p. 704  |  PDF p. 750

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14
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Table 94.4    � Mini-Toxidromes

TOXIDROME SYMPTOMS AND SIGNS EXAMPLES

α1-Adrenergic receptor antagonists CNS depression, tachycardia, miosis Chlorpromazine, quetiapine, clozapine, olanzapine, 
risperidone

α2-Adrenergic receptor agonist CNS depression, bradycardia, hypertension 
(early), hypotension (late), miosis

Clonidine, oxymetazoline, tetrahydrozoline,  
tizanidine, dexmedetomidine

Clonus/myoclonus CNS depression, myoclonic jerks, clonus, 
hyperreflexia

Carisoprodol, lithium, serotonergic agents, bismuth, 
organic lead, organic mercury, serotonin or  
neuroleptic malignant syndrome

Sodium channel blockers CNS toxicity, wide QRS Cyclic antidepressants and structurally related agents, 
propoxyphene, quinidine/quinine, amantadine, 
antihistamines, bupropion, cocaine

Potassium channel blockers CNS toxicity, long QT interval Antipsychotics, methadone, phenothiazines

Cathinones, synthetic cannabinoids Hyperthermia, tachycardia, delirium, agitation, 
mydriases

See Chapter 157.

CNS, Central nervous system.
From Ruha AM, Levine M. Central nervous system toxicity. Emerg Med Clin North Am. 2015;32(1):205–221, p. 208.

Table 94.5    � Predicting Toxicity from Vital Signs

BRADYCARDIA (PACED)
Propranolol (β blockers), poppies (opioids), propoxyphene, 

physostigmine
Anticholinesterase drugs, antiarrhythmics
Clonidine, calcium channel blockers
Ethanol or other alcohols
Digoxin, digitalis

TACHYCARDIA (FAST)
Free base or other forms of cocaine, Freon
Anticholinergics, antihistamines, antipsychotics amphetamines, 

alcohol withdrawal
Sympathomimetics (cocaine, caffeine, amphetamines, phencyclidine 

[PCP]), solvent abuse, strychnine
Theophylline, tricyclic antidepressants (TCAs), thyroid hormones

HYPOTHERMIA (COOLS)
Carbon monoxide
Opioids
Oral hypoglycemics, insulin
Liquor (alcohols)
Sedative-hypnotics

HYPERTHERMIA (NASA)
Neuroleptic malignant syndrome (NMS), nicotine
Antihistamines, alcohol withdrawal
Salicylates, sympathomimetics, serotonin syndrome
Anticholinergics, antidepressants, antipsychotics

HYPOTENSION (CRASH)
Clonidine, calcium channel blockers
Rodenticides (containing arsenic, cyanide)
Antidepressants, aminophylline, antihypertensives
Sedative-hypnotics (xylazine)
Heroin or other opioids

HYPERTENSION (CT SCAN)
Cocaine
Thyroid supplements
Sympathomimetics
Caffeine
Anticholinergics, amphetamines
Nicotine

RAPID RESPIRATION (PANT)
PCP, paraquat, pneumonitis, phosgene
Acetylsalicylic acid (ASA) and other salicylates
Noncardiogenic pulmonary edema, nerve agents
Toxin-induced metabolic acidosis

SLOW RESPIRATION (SLOW)
Sedative-hypnotics (barbiturates, benzodiazepines, xylazine)
Liquor (alcohols)
Opioids
Weed (marijuana)

From Meehan TJ. Approach to the poisoned patient. In: Walls RM, Hockberger RS, Gausche-Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. Philadelphia: Elsevier; 2018, Box 
139.6, p. 1816.

Physical Examination
A targeted physical examination is important to identifying the 
potential toxin and assessing the severity of the exposure. Initial 
efforts should be directed toward assessing and stabilizing the air-
way, breathing, circulation, and mental status. Once the airway is 
secure and the patient is stable from a cardiopulmonary standpoint, 
a more extensive physical exam can help to identify characteristic 
findings of specific toxins or classes of toxins.

In the poisoned patient, key features of the physical exam are vital 
signs, mental status, pupils (size, reactivity), nystagmus, skin, bowel 
sounds, and muscle tone. These findings might suggest a toxidrome, 
which can then guide the differential diagnosis and management. 

Laboratory Evaluation
A basic chemistry panel (electrolytes, renal function, glucose) is nec-
essary for all poisoned or potentially poisoned patients. Any patient 
with acidosis (low serum bicarbonate level on serum chemistry panel) 
must have an anion gap calculated because of the more specific differ-
ential diagnoses associated with an elevated anion gap metabolic aci-
dosis (Table 94.6). Patients with a known overdose of acetaminophen 
should have liver transaminases (alanine transaminase [ALT], aspar-
tate transaminase [AST]) and international normalized ratio (INR) 
assessed. A serum creatinine kinase level is indicated on any patient 
with a prolonged “down time” to evaluate for rhabdomyolysis. A urine 
pregnancy test is mandatory for all postpubertal female patients. Based 
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A child is bradycardic and hypotensive after an unknown ingestion. Which drug class in the
vital-sign table should be considered?

A. Calcium channel blockers

B. Amphetamines

C. Cocaine

D. Anticholinergics

E. Caffeine

Original table 94.5  |  Nelson printed p. 704  |  PDF p. 750

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15

704  Part VII  u  Emergency Medicine, Critical Care, and Anesthesia

Table 94.4    � Mini-Toxidromes

TOXIDROME SYMPTOMS AND SIGNS EXAMPLES

α1-Adrenergic receptor antagonists CNS depression, tachycardia, miosis Chlorpromazine, quetiapine, clozapine, olanzapine, 
risperidone

α2-Adrenergic receptor agonist CNS depression, bradycardia, hypertension 
(early), hypotension (late), miosis

Clonidine, oxymetazoline, tetrahydrozoline,  
tizanidine, dexmedetomidine

Clonus/myoclonus CNS depression, myoclonic jerks, clonus, 
hyperreflexia

Carisoprodol, lithium, serotonergic agents, bismuth, 
organic lead, organic mercury, serotonin or  
neuroleptic malignant syndrome

Sodium channel blockers CNS toxicity, wide QRS Cyclic antidepressants and structurally related agents, 
propoxyphene, quinidine/quinine, amantadine, 
antihistamines, bupropion, cocaine

Potassium channel blockers CNS toxicity, long QT interval Antipsychotics, methadone, phenothiazines

Cathinones, synthetic cannabinoids Hyperthermia, tachycardia, delirium, agitation, 
mydriases

See Chapter 157.

CNS, Central nervous system.
From Ruha AM, Levine M. Central nervous system toxicity. Emerg Med Clin North Am. 2015;32(1):205–221, p. 208.

Table 94.5    � Predicting Toxicity from Vital Signs

BRADYCARDIA (PACED)
Propranolol (β blockers), poppies (opioids), propoxyphene, 

physostigmine
Anticholinesterase drugs, antiarrhythmics
Clonidine, calcium channel blockers
Ethanol or other alcohols
Digoxin, digitalis

TACHYCARDIA (FAST)
Free base or other forms of cocaine, Freon
Anticholinergics, antihistamines, antipsychotics amphetamines, 

alcohol withdrawal
Sympathomimetics (cocaine, caffeine, amphetamines, phencyclidine 

[PCP]), solvent abuse, strychnine
Theophylline, tricyclic antidepressants (TCAs), thyroid hormones

HYPOTHERMIA (COOLS)
Carbon monoxide
Opioids
Oral hypoglycemics, insulin
Liquor (alcohols)
Sedative-hypnotics

HYPERTHERMIA (NASA)
Neuroleptic malignant syndrome (NMS), nicotine
Antihistamines, alcohol withdrawal
Salicylates, sympathomimetics, serotonin syndrome
Anticholinergics, antidepressants, antipsychotics

HYPOTENSION (CRASH)
Clonidine, calcium channel blockers
Rodenticides (containing arsenic, cyanide)
Antidepressants, aminophylline, antihypertensives
Sedative-hypnotics (xylazine)
Heroin or other opioids

HYPERTENSION (CT SCAN)
Cocaine
Thyroid supplements
Sympathomimetics
Caffeine
Anticholinergics, amphetamines
Nicotine

RAPID RESPIRATION (PANT)
PCP, paraquat, pneumonitis, phosgene
Acetylsalicylic acid (ASA) and other salicylates
Noncardiogenic pulmonary edema, nerve agents
Toxin-induced metabolic acidosis

SLOW RESPIRATION (SLOW)
Sedative-hypnotics (barbiturates, benzodiazepines, xylazine)
Liquor (alcohols)
Opioids
Weed (marijuana)

From Meehan TJ. Approach to the poisoned patient. In: Walls RM, Hockberger RS, Gausche-Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. Philadelphia: Elsevier; 2018, Box 
139.6, p. 1816.

Physical Examination
A targeted physical examination is important to identifying the 
potential toxin and assessing the severity of the exposure. Initial 
efforts should be directed toward assessing and stabilizing the air-
way, breathing, circulation, and mental status. Once the airway is 
secure and the patient is stable from a cardiopulmonary standpoint, 
a more extensive physical exam can help to identify characteristic 
findings of specific toxins or classes of toxins.

In the poisoned patient, key features of the physical exam are vital 
signs, mental status, pupils (size, reactivity), nystagmus, skin, bowel 
sounds, and muscle tone. These findings might suggest a toxidrome, 
which can then guide the differential diagnosis and management. 

Laboratory Evaluation
A basic chemistry panel (electrolytes, renal function, glucose) is nec-
essary for all poisoned or potentially poisoned patients. Any patient 
with acidosis (low serum bicarbonate level on serum chemistry panel) 
must have an anion gap calculated because of the more specific differ-
ential diagnoses associated with an elevated anion gap metabolic aci-
dosis (Table 94.6). Patients with a known overdose of acetaminophen 
should have liver transaminases (alanine transaminase [ALT], aspar-
tate transaminase [AST]) and international normalized ratio (INR) 
assessed. A serum creatinine kinase level is indicated on any patient 
with a prolonged “down time” to evaluate for rhabdomyolysis. A urine 
pregnancy test is mandatory for all postpubertal female patients. Based 
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A child with suspected poisoning has a high anion-gap metabolic acidosis and elevated
osmolar gap. Which listed toxic alcohol should be considered?

A. Ethylene glycol

B. Plain ethanol-free water

C. Iron-free multivitamins

D. Topical petrolatum

E. Dietary calcium

Original table 94.6  |  Nelson printed p. 705  |  PDF p. 751

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16
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on the clinical presentation and the presumed poison, additional labo-
ratory tests may also be helpful. Acetaminophen is a widely available 
medication and a commonly detected co-ingestant with the potential 
for severe toxicity. There is an effective antidote to acetaminophen 
poisoning that is time dependent. Given that patients might initially 
be asymptomatic and might not report or be aware of acetaminophen 
ingestion, an acetaminophen level should be checked in all patients 
who present after an intentional exposure or ingestion.

For select intoxications (e.g., salicylates, some anticonvulsants, 
acetaminophen, iron, digoxin, methanol, ethanol, lithium, ethyl-
ene glycol, theophylline, CO, lead), quantitative blood concentra-
tions are integral to confirming the diagnosis and formulating a 
treatment plan. However, for most other exposures, quantitative 
measurement is not readily available and is not likely to alter man-
agement. All intoxicant levels must be interpreted in conjunction 
with the history. For example, a methanol level of 20 mg/dL 1 hour 
after ingestion may be nontoxic, whereas a similar level 24 hours 
after ingestion implies a significant poisoning. In general, patients 
with multiple or chronic exposures to a drug or other chemical will 
be more symptomatic at lower drug levels than those with a single 
acute exposure.

Both the rapid urine drug-of-abuse screens and the more com-
prehensive drug screens vary widely in their ability to detect toxins 
and generally add little information to the clinical assessment. This 
is particularly true if the agent is known and the patient’s symp-
toms are consistent with that agent. If a drug screen is ordered, it is 
important to know that the components screened for, and the lower 
limits of detection, vary from laboratory to laboratory. In addition, 
the interpretation of most drug screens is hampered by many false-
positive and false-negative results. Many opiate toxicology screens 
poorly detect hydrocodone and do not detect the fully synthetic opi-
oids at all (e.g., meperidine, methadone, buprenorphine, fentanyl, 
carfentanil, furanylfentanyl, tramadol). Several common benzodi-
azepines (e.g., alprazolam and clonazepam) may not be detected; 
synthetic cannabinoids or “bath salts” may also be missed. The 
amphetamine screen, on the other hand, is typically overly sensitive 

and often is triggered by prescription amphetamines and some over-
the-counter cold preparations. As such, the urine drug-of-abuse 
screen is typically of limited utility for the poisoned patient but may 
serve a useful function for other providers, including psychiatrists, 
in their evaluation of the adolescent patient. Urine drug-of-abuse 
screens are potentially helpful in patients with altered mental status 
of unknown etiology, persistent unexplained tachycardia, and acute 
myocardial ischemia or stroke at a young age. These screens can 
also be useful in the assessment of a neglected or abused child. Con-
sultation with a medical toxicologist can be helpful in interpreting 
drug screens and directing which specific drug levels or other labo-
ratory analyses might aid in patient management.

In the case of a neglected or allegedly abused child, a positive 
toxicology screen can add substantial weight to a claim of abuse or 
neglect. In these cases, and any case with medicolegal implications, 
any positive screen must be followed by confirmatory testing (most 
commonly via gas chromatography/mass spectroscopy), which is 
considered the gold-standard measurement for legal purposes. 

Additional Diagnostic Testing
An electrocardiogram (ECG) is a quick and noninvasive bedside test 
that can yield important clues to diagnosis and prognosis. Particular 
attention should be paid to the ECG intervals (Table 94.7). A widened 
QRS interval, putting the patient at risk for monomorphic ventricu-
lar tachycardia, suggests blockade of fast sodium channels. A wid-
ened QTc interval suggests effects at the potassium rectifier channels 
and portends a risk of torsades de pointes (polymorphic ventricular 
tachycardia).

Further diagnostic testing is based on the differential diagnosis and 
pattern of presentation. For example, adjunctive chest radiography 
may reveal signs of pneumonitis (e.g., hydrocarbon aspiration), non-
cardiogenic pulmonary edema (e.g., salicylate toxicity), or a foreign 
body. Abdominal radiography is most helpful in screening for the pres-
ence of lead paint chips or other foreign bodies. It may detect a bezoar 
(concretion), demonstrate radiopaque tablets, or reveal drug packets 
in a “body packer.” 

Table 94.6    � Laboratory Clues in Toxicologic Diagnosis

ANION GAP METABOLIC ACIDOSIS (MNEMONIC = MUDPILES 
CAT)
Methanol, metformin
Uremia
Diabetic ketoacidosis
Propylene glycol
Isoniazid, iron, massive ibuprofen
Lactic acidosis
Ethylene glycol
Salicylates
Cellular asphyxiants (cyanide, carbon monoxide, hydrogen sulfide)
Alcoholic ketoacidosis
Tylenol (clinical significance depends upon presence or absence of 

liver injury), toluene

ELEVATED OSMOLAR GAP
Alcohols: ethanol, isopropyl, methanol, ethylene glycol

HYPOGLYCEMIA (MNEMONIC = HOBBIES)
Hypoglycemics, oral: sulfonylureas, meglitinides
Other: quinine, unripe ackee fruit
Beta Blockers
Insulin
Ethanol
Salicylates (late)

HYPERGLYCEMIA
Salicylates (early)
Calcium channel blockers
Caffeine

HYPOCALCEMIA
Ethylene glycol
Fluoride

RHABDOMYOLYSIS
Neuroleptic malignant syndrome, serotonin syndrome
Statins
Mushrooms (Tricholoma equestre)
Any toxin causing prolonged immobilization (e.g., opioids, 

antipsychotics) or excessive muscle activity or seizures (e.g., 
sympathomimetics)

RADIOPAQUE SUBSTANCE ON KUB (MNEMONIC = CHIPPED)
Chloral hydrate, calcium carbonate
Heavy metals (lead, zinc, barium, arsenic, lithium, bismuth)
Iron
Phenothiazines
Play-Doh, potassium chloride
Enteric-coated pills
Dental amalgam, drug packets

KUB, Kidney-ureter-bladder radiograph.
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An adolescent overdoses on a tricyclic antidepressant and develops widening of the QRS
complex. Which ECG effect from the table does this illustrate?

A. Sodium-channel blockade associated QRS prolongation

B. Isolated PR shortening

C. An obligatory normal ECG

D. Purely sinus respiratory variation

E. A structural atrial septal defect

Original table 94.7  |  Nelson printed p. 706  |  PDF p. 752

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 17
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PRINCIPLES OF MANAGEMENT
The principles of management of the poisoned patient are supportive 
care, decontamination, directed therapy, and enhanced elimination. Few 
patients meet criteria for all these interventions, although clinicians 
should consider each option in every poisoned patient so as not to miss 
a potentially lifesaving intervention. Antidotes are available for rela-
tively few poisons (Tables 94.8 and 94.9), thus emphasizing the impor-
tance of meticulous supportive care and close clinical monitoring.

Poison control center personnel are specifically trained to provide 
expertise in the management of poisoning exposures. Parents should 
be instructed to call the poison control center (1-800-222-1222) for 
any concerning exposure. PCC specialists can assist parents in assess-
ing the potential toxicity and severity of the exposure. They can further 
determine which children can be safely monitored at home and which 
children should be referred to the emergency department for further 
evaluation and care. Although up to one third of calls to PCCs involve 
hospitalized patients, 86% of PCC calls for exposures in children <6 
years old are managed at home. The AAPCC has generated consen-
sus statements for out-of-hospital management of common ingestions 
(e.g., acetaminophen, iron, calcium channel blockers [CCBs]) that 
serve to guide poison center recommendations.

Supportive Care
Careful attention is paid first to the “ABCs” of airway, breathing, and cir-
culation; there should be a low threshold to aggressively manage the air-
way of a poisoned patient because of the patient’s propensity to quickly 
become comatose. Endotracheal intubation is often the only significant 
intervention needed in many poisoned patients. An important caveat 
is the tachypneic patient with a clear lung examination and normal 

oxygen saturation. This should alert the clinician to the likelihood that 
the patient is compensating for an acidemia. Paralyzing such a patient 
and underventilating might prove fatal. If intubation is necessary for 
airway protection or a tiring patient, a good rule of thumb is to match 
the ventilatory settings to the patient’s preintubation minute ventilation.

Hypotensive poisoned patients often are not hypovolemic, and 
aggressive fluid resuscitation may lead to fluid overload. If hypoten-
sion persists after one to two standard boluses of crystalloid, infusion 
of a direct-acting vasopressor, such as norepinephrine or epinephrine, 
is preferred. Dysrhythmias are typically managed in the standard man-
ner. The exceptions are for dysrhythmias caused by agents that block 
fast sodium channels of the heart, for which boluses of sodium bicar-
bonate are given; dysrhythmias caused by hydrocarbons, which should 
be treated with β blockers; and an overall avoidance of amiodarone for 
toxicologic-induced arrythmias.

Seizures should primarily be managed with agents that potentiate 
the γ-aminobutyric acid (GABA) complex, such as benzodiazepines 
or barbiturates. Using sodium channel blockers such as phenytoin 
is likely to be ineffective and potentially harmful. The goal of sup-
portive therapy is to support the patient’s vital functions until the 
patient can eliminate the toxin. Patients with an elevated creatine 
phosphokinase (CPK) should be aggressively hydrated with crystal-
loid, with a goal urine output of 1-2 mL/kg/hr and close monitoring 
of CPK trend. 

Decontamination
Most poisonings in children are from ingestion, although exposures 
can also occur by inhalational, dermal, and ocular routes (Table 94.10). 
The goal of decontamination is to minimize absorption of the toxic 
substance. The specific method employed depends on the properties 
of the toxin itself and the route of exposure. Regardless of the decon-
tamination method used, the efficacy of the intervention decreases 
with increasing time since exposure. Decontamination should not be 
routinely employed for every poisoned patient. Instead, careful deci-
sions regarding the utility of decontamination should be made for each 
patient and should include consideration of the toxicity and pharma-
cologic properties of the exposure, route of the exposure, time since the 
exposure, and risks vs benefits of the decontamination method.

Dermal and ocular decontamination begins with removal of any 
contaminated clothing and particulate matter, followed by flushing 
of the affected area with tepid water or normal saline (NS). Treating 
clinicians should wear proper protective gear when performing irri-
gation. Flushing for a minimum of 10-20 minutes is recommended 
for most exposures, although some chemicals (e.g., alkaline cor-
rosives) require much longer periods of flushing. Dermal decon-
tamination, especially after exposure to adherent or lipophilic (e.g., 
organophosphates) agents, should include thorough cleansing with 
soap and water. Water should not be used for decontamination after 
exposure to highly reactive agents, such as elemental sodium, phos-
phorus, calcium oxide, and titanium tetrachloride. After an inha-
lational exposure, decontamination involves moving the patient to 
fresh air and administering supplemental oxygen if indicated.

Gastrointestinal (GI) decontamination strategies are most likely 
to be effective in the 1-2 hours after an acute ingestion. GI absorp-
tion may be delayed after ingestion of agents that slow GI motil-
ity (anticholinergic medications, opioids), massive amounts of 
pills, sustained-release (SR) preparations, and agents that can form 
pharmacologic bezoars (e.g., enteric-coated salicylates). GI decon-
tamination more than 2 hours after ingestion may be considered in 
patients who ingest toxic substances with these properties. However, 
even rapid institution of GI decontamination with activated char-
coal will bind only approximately 30% of the ingested substance. GI 
decontamination should never supplant excellent supportive care 
and should not be employed in an unstable or persistently vomit-
ing patient. Methods of GI decontamination include induced eme-
sis with ipecac, gastric lavage, cathartics, activated charcoal, and 
whole-bowel irrigation (WBI). Of these, only activated charcoal and 
WBI are of potential benefit.

Table 94.7    � Electrocardiographic Findings in Poisoning

PR INTERVAL PROLONGATION
Digoxin
Lithium
Calcium channel antagonists
β-Antagonists

QRS PROLONGATION
Tricyclic antidepressants
Diphenhydramine
Carbamazepine
Cardiac glycosides
Chloroquine, hydroxychloroquine
Cocaine
Lamotrigine
Quinidine, quinine, procainamide, disopyramide
Phenothiazines
Propoxyphene
Propranolol
Bupropion, venlafaxine (rare)

QTc PROLONGATION*
Amiodarone
Antipsychotics (typical and atypical)
Arsenic
Cisapride
Citalopram
Clarithromycin, erythromycin
Disopyramide, dofetilide, ibutilide
Fluconazole, ketoconazole, itraconazole
Methadone
Pentamidine
Phenothiazines
Sotalol

*This is a select list of important toxins; other medications are also associated with QTc 
prolongation.
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A child develops a severe toxic reaction to a local anesthetic with cardiovascular compromise.
Which rescue therapy is listed among other antidotes?

A. Intravenous lipid emulsion

B. Oral iron supplementation

C. Intramuscular vitamin K alone

D. Topical bacitracin

E. Enteral cornstarch

Original table 94.9  |  Nelson printed p. 708  |  PDF p. 754

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 18
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POISON ANTIDOTE DOSAGE ROUTE
ADVERSE EFFECTS, WARNINGS, 

COMMENTS

Organophosphates Atropine 0.05-0.1 mg/kg repeated q5-10 min as needed IV/ET Tachycardia, dry mouth, blurred  
vision, urinary retention

Pralidoxime (2-PAM) 25-50 mg/kg over 5-10 min (max: 200 mg/min); 
can be repeated after 1-2 hr, then q10-12h 
as needed

IV/IM Nausea, dizziness, headache,  
tachycardia, muscle rigidity,  
bronchospasm (rapid administration)

Salicylates Sodium bicarbonate Bolus 1-2 mEq/kg followed by continuous 
infusion

IV Follow potassium closely and replace 
as necessary.

Goal urine pH: 7.5-8.0

Sulfonylureas Octreotide and 
dextrose

1-2 μg/kg/dose (adults 50-100 μg) q6-8h IV/SC

Tricyclic 
antidepressants

Sodium bicarbonate Bolus 1-2 mEq/kg; repeated bolus dosing as 
needed to keep QRS <110 msec

IV Indications: QRS widening 
(≥110 msec), hemodynamic  
instability; follow potassium.

BAL, British antilewisite; DMSA, dimercaptosuccinic acid; ECG, electrocardiogram; Fio2, fraction of inspired oxygen; EDTA, ethylenediaminetetraacetic acid; ET, endotracheal tube; 
IO, intraosseous; max, maximum; UA, urinalysis.

Table 94.8    � Common Antidotes for Poisoning—cont’d

Table 94.9    � Other Antidotes

ANTIDOTES TOXIN OR POISON

Latrodectus antivenin Black widow spider

Botulinum antitoxin Botulinum toxin

Diphenhydramine and/
or benztropine

Dystonic reactions

Calcium salts Fluoride, calcium channel blockers

Intravenous lipid  
emulsion (ILE)

Local anesthetics; consider for bupropion, 
calcium channel blockers, β blockers, 
and type I antidysrhythmics

Protamine Heparin

Folinic acid Methotrexate, trimethoprim, 
pyrimethamine, methanol

Crotalidae-specific Fab 
antibodies

Rattlesnake envenomation

Sodium bicarbonate Sodium channel blockade (tricyclic anti
depressants, type 1 antiarrhythmics)

Table 94.10    � Toxins Associated with Systemic Toxicity  
After Dermal Absorption

Aniline dyes
Camphor
Dinitrophenol
Hexachlorophene
Hydrofluoric acid
Lindane (γ-benzene hydrochloride)
Organophosphate insecticide
Nerve agents
Nitrobenzene
Organic mercury
Phenol
Thallium

From Shannon MW. Emergency management of poisoning. In: Shannon MW, Borron 
SW, Burns MJ, eds. Haddad and Winchester’s Clinical Management of Poisoning and 
Drug Overdose, 4th ed. Philadelphia: Saunders; 2007, Box 2A-12, p. 28.

Syrup of Ipecac
Syrup of ipecac contains two emetic alkaloids that work in both the 
central nervous system (CNS) and locally in the GI tract to produce 
vomiting. Many studies have failed to document a significant clinical 
impact from the use of ipecac and have documented multiple adverse 
events from its use. The AAP, the American Academy of Clinical Toxi-
cology (AACT), and the AAPCC have all published statements in favor 
of abandoning the use of ipecac. 

Gastric Lavage
Gastric lavage involves placing a large tube orally into the stomach 
to aspirate contents, followed by flushing with aliquots of fluid, usu-
ally water or NS. Although gastric lavage was used routinely for many 
years, objective data do not document or support clinically relevant 
efficacy. This is particularly true in children, in whom only small-bore 
tubes can be used. Lavage is time-consuming and painful and can 
induce bradycardia through a vagal response to tube placement. It can 
delay administration of more definitive treatment (activated charcoal) 
and under the best circumstances, only removes a fraction of gastric 
contents. Thus, in most clinical scenarios, the use of gastric lavage is no 
longer recommended. 

Single-Dose Activated Charcoal
Activated charcoal is a potentially useful method of GI decontamina-
tion. Charcoal is “activated” by heating to extreme temperatures, creat-
ing an extensive network of pores that provides a very large adsorptive 
surface area that many (but not all) toxins will bind to, preventing 
absorption from the GI tract. Charged molecules (i.e., heavy met-
als, lithium, iron) and liquids do not bind well to activated charcoal 
(Table 94.11). Administration should also be avoided after ingestion 
of a caustic substance, as it can impede subsequent endoscopic evalu-
ation. Charcoal is most likely to be effective when given within 1 hour of 
ingestion. A repeat dose of activated charcoal may be warranted in the 
cases of ingestion of an extended-release product or, more frequently, 
with significant salicylate poisoning as a result of its delayed and erratic 
absorption pattern.

The dose of activated charcoal, with or without sorbitol, is 1g/kg in 
children or 50-100 g in adolescents and adults. Before administering 
charcoal, one must ensure that the patient’s airway is intact or pro-
tected and that the patient has a benign abdominal examination. In the 
awake, uncooperative adolescent or child who refuses to drink the acti-
vated charcoal, there is little utility and potential morbidity associated 

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 198 / 300

198



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 19 / 30

A pesticide spills over a child's skin, followed by signs of systemic cholinergic poisoning.
Which listed exposure type explains systemic toxicity without ingestion?

A. Dermal absorption of organophosphate insecticide

B. Intact-skin exposure to plain water

C. A hearing-aid fitting

D. A routine bandage change

E. An isolated sunlight exposure

Original table 94.10  |  Nelson printed p. 708  |  PDF p. 754

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19
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POISON ANTIDOTE DOSAGE ROUTE
ADVERSE EFFECTS, WARNINGS, 

COMMENTS

Organophosphates Atropine 0.05-0.1 mg/kg repeated q5-10 min as needed IV/ET Tachycardia, dry mouth, blurred  
vision, urinary retention

Pralidoxime (2-PAM) 25-50 mg/kg over 5-10 min (max: 200 mg/min); 
can be repeated after 1-2 hr, then q10-12h 
as needed

IV/IM Nausea, dizziness, headache,  
tachycardia, muscle rigidity,  
bronchospasm (rapid administration)

Salicylates Sodium bicarbonate Bolus 1-2 mEq/kg followed by continuous 
infusion

IV Follow potassium closely and replace 
as necessary.

Goal urine pH: 7.5-8.0

Sulfonylureas Octreotide and 
dextrose

1-2 μg/kg/dose (adults 50-100 μg) q6-8h IV/SC

Tricyclic 
antidepressants

Sodium bicarbonate Bolus 1-2 mEq/kg; repeated bolus dosing as 
needed to keep QRS <110 msec

IV Indications: QRS widening 
(≥110 msec), hemodynamic  
instability; follow potassium.

BAL, British antilewisite; DMSA, dimercaptosuccinic acid; ECG, electrocardiogram; Fio2, fraction of inspired oxygen; EDTA, ethylenediaminetetraacetic acid; ET, endotracheal tube; 
IO, intraosseous; max, maximum; UA, urinalysis.

Table 94.8    � Common Antidotes for Poisoning—cont’d

Table 94.9    � Other Antidotes

ANTIDOTES TOXIN OR POISON

Latrodectus antivenin Black widow spider

Botulinum antitoxin Botulinum toxin

Diphenhydramine and/
or benztropine

Dystonic reactions

Calcium salts Fluoride, calcium channel blockers

Intravenous lipid  
emulsion (ILE)

Local anesthetics; consider for bupropion, 
calcium channel blockers, β blockers, 
and type I antidysrhythmics

Protamine Heparin

Folinic acid Methotrexate, trimethoprim, 
pyrimethamine, methanol

Crotalidae-specific Fab 
antibodies

Rattlesnake envenomation

Sodium bicarbonate Sodium channel blockade (tricyclic anti
depressants, type 1 antiarrhythmics)

Table 94.10    � Toxins Associated with Systemic Toxicity  
After Dermal Absorption

Aniline dyes
Camphor
Dinitrophenol
Hexachlorophene
Hydrofluoric acid
Lindane (γ-benzene hydrochloride)
Organophosphate insecticide
Nerve agents
Nitrobenzene
Organic mercury
Phenol
Thallium

From Shannon MW. Emergency management of poisoning. In: Shannon MW, Borron 
SW, Burns MJ, eds. Haddad and Winchester’s Clinical Management of Poisoning and 
Drug Overdose, 4th ed. Philadelphia: Saunders; 2007, Box 2A-12, p. 28.

Syrup of Ipecac
Syrup of ipecac contains two emetic alkaloids that work in both the 
central nervous system (CNS) and locally in the GI tract to produce 
vomiting. Many studies have failed to document a significant clinical 
impact from the use of ipecac and have documented multiple adverse 
events from its use. The AAP, the American Academy of Clinical Toxi-
cology (AACT), and the AAPCC have all published statements in favor 
of abandoning the use of ipecac. 

Gastric Lavage
Gastric lavage involves placing a large tube orally into the stomach 
to aspirate contents, followed by flushing with aliquots of fluid, usu-
ally water or NS. Although gastric lavage was used routinely for many 
years, objective data do not document or support clinically relevant 
efficacy. This is particularly true in children, in whom only small-bore 
tubes can be used. Lavage is time-consuming and painful and can 
induce bradycardia through a vagal response to tube placement. It can 
delay administration of more definitive treatment (activated charcoal) 
and under the best circumstances, only removes a fraction of gastric 
contents. Thus, in most clinical scenarios, the use of gastric lavage is no 
longer recommended. 

Single-Dose Activated Charcoal
Activated charcoal is a potentially useful method of GI decontamina-
tion. Charcoal is “activated” by heating to extreme temperatures, creat-
ing an extensive network of pores that provides a very large adsorptive 
surface area that many (but not all) toxins will bind to, preventing 
absorption from the GI tract. Charged molecules (i.e., heavy met-
als, lithium, iron) and liquids do not bind well to activated charcoal 
(Table 94.11). Administration should also be avoided after ingestion 
of a caustic substance, as it can impede subsequent endoscopic evalu-
ation. Charcoal is most likely to be effective when given within 1 hour of 
ingestion. A repeat dose of activated charcoal may be warranted in the 
cases of ingestion of an extended-release product or, more frequently, 
with significant salicylate poisoning as a result of its delayed and erratic 
absorption pattern.

The dose of activated charcoal, with or without sorbitol, is 1g/kg in 
children or 50-100 g in adolescents and adults. Before administering 
charcoal, one must ensure that the patient’s airway is intact or pro-
tected and that the patient has a benign abdominal examination. In the 
awake, uncooperative adolescent or child who refuses to drink the acti-
vated charcoal, there is little utility and potential morbidity associated 
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A child ingests an iron supplement. Which property in the activated-charcoal table matters
when planning decontamination?

A. Iron is poorly adsorbed by activated charcoal

B. Iron binds charcoal completely

C. Charcoal reliably neutralizes all metals

D. The substance is a hydrocarbon

E. Iron is a sedative-hypnotic

Original table 94.11  |  Nelson printed p. 709  |  PDF p. 755

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20
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with forcing activated charcoal down a nasogastric (NG) tube, and 
such practice should be avoided. In young children, practitioners can 
attempt to improve palatability by adding flavorings (chocolate or 
cherry syrup) or giving the mixture over ice cream. Approximately 20% 
of children vomit after receiving a dose of charcoal, emphasizing the 
importance of an intact airway and avoiding administration of char-
coal after ingestion of substances that are particularly toxic when aspi-
rated (e.g., hydrocarbons). If charcoal is given through a gastric tube 
in an intubated patient, placement of the tube should be confirmed 
before activated charcoal is given. Instillation of charcoal directly into 
the lungs can have disastrous effects. Constipation is another common 
side effect of activated charcoal, and in rare cases, bowel perforation 
has been reported.

Cathartics (sorbitol, magnesium sulfate, magnesium citrate) have 
been used in conjunction with activated charcoal to prevent constipa-
tion and accelerate evacuation of the charcoal-toxin complex. There 
are no data demonstrating their value and numerous reports of adverse 
effects from cathartics, such as dehydration and electrolyte imbalance. 

Whole-Bowel Irrigation
WBI involves instilling large volumes (25 mL/kg/hr in children or 1-2 
L/hr in adolescents) of a polyethylene glycol electrolyte solution (e.g., 
GoLYTELY) to “wash out” the entire GI tract. This technique may have 
some success for the ingestion of SR preparations, substances not well 
adsorbed by charcoal (e.g., lithium, iron), transdermal patches, for-
eign bodies, and drug packets. WBI is most frequently administered 
to decontaminate the gut of a child whose abdominal radiograph dem-
onstrates multiple lead paint chips. Careful attention should be paid to 
assessment of the airway and abdominal exam before initiating WBI. 
WBI should never be given to a patient with signs of obstruction or 
ileus or with a compromised airway. Given the rate of administration 
and volume needed to flush the system, WBI is typically administered 
by NG tube. WBI is continued until the rectal effluent is clear. If the 
WBI is for a child with ingested paint chips, the end-point will be clear-
ing of the chips from the bowel based on repeat radiographs. Com-
plications of WBI include vomiting, abdominal pain, and abdominal 
distention. Bezoar formation might respond to WBI but may also 
require endoscopy or surgery. 

Directed Therapy
Antidotal Therapy
Antidotes are available for relatively few toxins (see Tables 94.8 and 
94.9), but early and appropriate use of an antidote is a key element in 
managing the poisoned patient. 

Intravenous Lipid Emulsion Therapy
Intravenous lipid emulsion (ILE) therapy is a potentially lifesaving 
intervention. ILE therapy sequesters fat-soluble drugs, decreasing 
their impact at target organs; this is known as a “lipid sink.” It also 
enhances cardiac function by supplying an alternative energy source 
to a depressed myocardium and acting on calcium channels in the 
heart, increasing myocardial calcium and thus cardiac function. ILE is 
most effective as a reversal agent for toxicity from inadvertent intrave-
nous (IV) injection of bupivacaine. Using the same 20% lipid solution 
used for total parenteral nutrition (TPN), a bolus dose of 1.5 mL/kg is 

given over 3 minutes, followed by an infusion of 0.25 mL/kg/min until 
recovery or until a total of 10 mL/kg has been infused. Lipophilic drugs, 
those in which the logarithm of the coefficient describing the partition 
between two solvents (hydrophobic phase and hydrophilic phase) is 
>2, have the most potential to be bound by ILE. These include but are 
not limited to CCBs (verapamil, diltiazem), bupropion, tricyclic anti-
depressants, and refractory β-blocker overdose. Complications asso-
ciated with ILE include significant lipemia that interferes with serum 
laboratory tests, pancreatitis, and acute respiratory distress syndrome 
(ARDS). 

Enhanced Elimination
Enhancing elimination results in increased clearance of a poison that 
has already been absorbed. It is only useful for a few toxins and in these 
cases is a potentially lifesaving intervention. Methods of enhanced 
elimination include urinary alkalinization, hemodialysis, and multi-
dose activated charcoal.

Urinary Alkalinization
Urinary alkalinization enhances the elimination of drugs that are weak 
acids by forming charged molecules, which then become trapped in 
the renal tubules. Charged molecules, being polar and hydrophilic, 
do not easily cross cellular membranes; thus they remain in the renal 
tubules and are excreted. Urinary alkalinization is accomplished by a 
continuous infusion of sodium bicarbonate–containing IV fluids, with 
a goal urine pH of 7.5-8. Alkalinization of the urine is most useful in 
managing salicylate and methotrexate toxicity. Complications of uri-
nary alkalinization include electrolyte derangements (e.g., hypokale-
mia, hypocalcemia), fluid overload, and excessive serum alkalinization. 
Serum pH should be closely monitored and not exceed a pH >7.55. 
Patients typically unable to tolerate the volumes required for alkalini-
zation are those with heart failure, kidney failure, pulmonary edema, 
or cerebral edema. 

Hemodialysis
Few drugs or toxins are removed by dialysis in amounts sufficient to 
justify the risks and difficulty of dialysis. Toxins amenable to dial-
ysis have the following properties: low volume of distribution (<1 
L/kg) with a high degree of water solubility, low molecular weight, 
and low degree of protein binding. Hemodialysis may be useful for 
toxicity from methanol, ethylene glycol, salicylates, theophylline, 
bromide, lithium, and valproic acid. Hemodialysis is also used to 
correct severe electrolyte disturbances and acid-base derangements 
resulting from the ingestion (e.g., severe metformin-associated lac-
tic acidosis). 

Multidose Activated Charcoal
Whereas single-dose activated charcoal is used as a method of 
decontamination, multidose activated charcoal (MDAC) can help to 
enhance the elimination of certain toxins. MDAC is typically given 
as 0.5 g/kg every 4-6 hr (for four doses). MDAC enhances elimina-
tion by two proposed mechanisms: interruption of enterohepatic 
recirculation and “GI dialysis.” The concept of GI dialysis involves 
using the intestinal mucosa as a dialysis membrane and pulling toxins 
from the bloodstream back into the intraluminal space, where they 
are adsorbed to the charcoal. The AACT/European Association of 
Poisons Centres and Clinical Toxicologists position statement rec-
ommends MDAC in managing significant ingestions of carbamaze-
pine, dapsone, phenobarbital, quinine, and theophylline. As with 
single-dose activated charcoal, contraindications to the use of MDAC 
include an unprotected airway and a concerning abdominal exami-
nation (e.g., ileus, distention, peritoneal signs). Thus the airway and 
abdominal exam should be assessed before each dose. A cathartic (e.g., 
sorbitol) may be given with the first dose, but it should not be used 
with subsequent doses because of the risk of dehydration and electro-
lyte derangements. Although MDAC reduces the serum level of an 
intoxicant quicker than without MDAC, it has not been shown to have 
a significant impact on outcome. 

Table 94.11    � Substances Poorly Adsorbed by Activated 
Charcoal

Alcohols
Caustics: alkalis and acids
Cyanide
Heavy metals (e.g., lead)
Hydrocarbons
Iron
Lithium
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After acetaminophen overdose, a child feels briefly better but develops right-upper-quadrant
tenderness and elevated transaminases the following day. Which phase in the table fits?

A. Stage II, about 24-48 hours

B. Stage I only, immediate symptoms

C. Stage IV after several weeks

D. No recognized phase

E. A chronic allergic reaction

Original table 94.12  |  Nelson printed p. 710  |  PDF p. 756
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SELECT COMPOUNDS IN PEDIATRIC POISONING
See other chapters for drug use (Chapter 157) and environmental 
health hazards (Chapters 757-763).

Pharmaceuticals
Analgesics
Acetaminophen.  Acetaminophen (APAP) is the most widely used 
analgesic and antipyretic in pediatrics, available in multiple formula-
tions, strengths, and combinations. Consequently, APAP is commonly 
available in the home, where it can be unintentionally ingested by 
young children, taken in an intentional overdose by adolescents and 
adults, or inappropriately dosed in all ages. In the United States, APAP 
toxicity remains the most common cause of acute liver failure and one 
of the leading causes of death from oral poisonings.

Pathophysiology.  APAP toxicity results from the formation of a 
highly reactive intermediate metabolite, N-acetyl-p-benzoquinone 
imine (NAPQI). In therapeutic use, only a small percentage of a dose 
(approximately 5%) is metabolized by the hepatic cytochrome P450 
enzyme CYP2E1 to NAPQI, which is then immediately conjugated 
with glutathione to form a nontoxic mercapturic acid conjugate. In 
overdose, glutathione stores are overwhelmed, and free NAPQI is able 
to combine with hepatic macromolecules to produce hepatocellular 
necrosis. The single acute toxic dose of APAP is generally considered 
to be >200 mg/kg in children and >7.5-10 g in adolescents and adults. 
Repeated administration of APAP at supratherapeutic doses (>90 mg/
kg/day for consecutive days) can lead to hepatic injury or failure in 
some children, especially in the setting of fever, dehydration, poor 
nutrition, and other conditions that serve to reduce glutathione stores.

Any child with a history of acute ingestion of >200 mg/kg (unusual 
in children <6 years) or with an acute intentional ingestion of any 
amount should be referred to a healthcare facility for clinical assess-
ment and measurement of a serum APAP level. 

Clinical and Laboratory Manifestations.  Classically, four general 
stages of APAP toxicity have been described (Table 94.12). In the first 
24 hours after ingestion, patients are most frequently asymptomatic, 
although they may have nonspecific symptoms such as nausea/vomit-
ing. Thus the diagnosis of APAP toxicity cannot be based on clinical 
symptoms alone, but instead requires consideration of the combination 
of the patient’s history, symptoms, and laboratory findings.

If a toxic ingestion is suspected, a serum APAP level should be mea-
sured 4 hours after the reported time of ingestion. For patients who 
present to medical care more than 4 hours after ingestion, a stat APAP 
level should be obtained. APAP levels obtained <4 hours after ingestion, 
unless “nondetectable,” are difficult to interpret and cannot be used to 
estimate the potential for toxicity. Other important baseline laboratory 
tests include hepatic transaminases, bilirubin, renal function tests, and 
coagulation parameters. 

Treatment.  When considering the treatment of a patient poisoned 
or potentially poisoned with APAP, and after assessment of the ABCs, it 
is helpful to place the patient into one of the following four categories:

1. Prophylactic.  These patients have a normal AST. If the APAP level 
is known and the ingestion is within 24 hours of the level being drawn, 
treatment decisions are based on where the level falls on the Rumack-
Matthew nomogram (Fig. 94.1). Any patient with a serum APAP level 
in the possible or probable hepatotoxicity range per the nomogram 
should be treated with N-acetylcysteine (NAC). This nomogram is only 
intended for use in patients who present within 24 hours of a single acute 
APAP ingestion with a known time of ingestion. If treatment is recom-
mended, they should receive NAC. Food and Drug Administration 
(FDA)–approved treatment regimens include a 21-hour protocol for IV 
administration and a 72-hour protocol for oral administration. Several 
shorter dosing regimens have been described and may be considered in 
consultation with a toxicologist. Regardless of treatment duration, serial 
transaminases and APAP level should be monitored. If the AST becomes 
elevated while receiving NAC, the patient moves into the next category 
of treatment (hepatic injury, see later). If AST remains normal but APAP 
is still present, NAC should be continued until the level is nondetectable. 
In the case of a patient with a documented APAP level, normal AST, and 
an unknown time of ingestion, treatment should ensue until the level is 
undetectable, with normal transaminases.

The importance of instituting therapy with either IV or oral NAC no 
later than 8 hours from the time of ingestion cannot be overemphasized. 
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Fig. 94.1  Rumack-Matthew nomogram for acetaminophen poison-
ing, a semilogarithmic plot of plasma acetaminophen concentrations 
vs time. Cautions for the use of this chart: The time coordinates refer 
to time after ingestion; serum concentrations obtained before 4 hours 
are not interpretable, and the graph should be used only in relation to a 
single acute ingestion with a known time of ingestion. This nomogram 
is not useful for chronic exposures or unknown time of ingestion and 
should be used with caution in the setting of co-ingestants that slow 
gastrointestinal motility. The lower solid line is typically used in the Unit-
ed States to define toxicity and direct treatment, whereas the upper line 
is generally used in Europe. (From Rumack BH, Hess AJ, eds. Poisin-
dex, Denver: Micromedix; 1995. Adapted from Rumack BH, Matthew H. 
Acetaminophen poisoning and toxicity. Pediatrics.1975;55:871–876.)

Table 94.12    � Classic Stages in Clinical Course of  
Acetaminophen Toxicity

STAGE
TIME AFTER 
INGESTION CHARACTERISTICS

I 0-24 hr Anorexia, vomiting, malaise
Laboratory tests typically normal, except 

for acetaminophen level

II 24-48 hr Resolution of earlier symptoms; right  
upper quadrant abdominal pain and  
tenderness; elevated hepatic  
transaminases (aspartate > alanine), INR

III 3-5 days Peak transaminase elevations; 
development of liver failure, multiorgan 
system failure, death or recovery begins

IV 4 days to 2 wk Resolution of liver function abnormalities
Clinical recovery precedes histologic 

recovery
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An adolescent takes an unknown prescription opioid and the ECG shows QT widening. Which
opioid in the clinical-properties table is associated with that effect?

A. Methadone

B. Hydrocodone only

C. Morphine only

D. Fentanyl only

E. Naloxone

Original table 94.13  |  Nelson printed p. 713  |  PDF p. 759

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 22
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(see Table 94.8). In pediatric patients who are not chronically taking 
opioids, the full reversal dose of 1-2 mg should be used. In contrast, 
opioid-dependent patients should be treated with smaller initial doses 
(0.04-0.4 mg), which can then be repeated as needed to achieve the 
desired clinical response, avoiding abrupt induction of withdrawal. 
Because the half-life of many opioids is much longer than that of nal-
oxone, patients can require multiple doses of naloxone. These patients 
may benefit from a continuous infusion of naloxone, typically started 
at two thirds of the reversal dose per hour and titrated to maintain an 
adequate respiratory rate and level of consciousness. Patients who have 
ingested methadone should be placed on a cardiac monitor and have 
serial ECGs to monitor for the development of a prolonged QTc inter-
val. If a patient does develop a prolonged QTc, management includes 
close cardiac monitoring, repletion of electrolytes (potassium, calcium, 
and magnesium), and having a defibrillator readily available should the 
patient develop torsades de pointes.

Given the potential for clinically significant and prolonged toxicity, 
any toddler who has ingested methadone, even if asymptomatic, should 
be admitted to the hospital for at least 24 hours of monitoring. Duration 
of observation after ingestion of other opioids depends on the half-life 
and dose of the agent ingested. All such cases should be discussed with a 
PCC or medical toxicologist before determining disposition. 

Cardiovascular Medications
β-Adrenergic Receptor Blockers.  β Blockers competitively inhibit 
the action of catecholamines at the β-adrenergic receptor. Therapeuti-
cally, β blockers are used for a variety of conditions, including hyper-
tension, coronary artery disease, tachydysrhythmias, anxiety disorders, 
migraines, essential tremor, and hyperthyroidism. Because of its lipo-
philicity and blockade of fast sodium channels, propranolol is con-
sidered to be the most toxic member of the β-blocker class. Overdoses 
of water-soluble β blockers (e.g., atenolol) are associated with milder 
symptoms.

Pathophysiology.  In overdose, β blockers decrease chronotropy 
and inotropy in addition to slowing conduction through atrioven-
tricular (AV) nodal tissue. Clinically, these effects are manifested as 
bradycardia, hypotension, and heart block. Patients with reactive 
airway disease can experience bronchospasm as a result of block-
ade of β2-mediated bronchodilation. β2 Blockers interfere with 
glycogenolysis and gluconeogenesis, which can sometimes lead to 
hypoglycemia, especially in patients with poor glycogen stores (e.g., 
toddlers). 

Clinical and Laboratory Manifestations.  Toxicity typically devel-
ops within 6 hours of ingestion, although it may be delayed after inges-
tion of sotalol or SR preparations. The most common features of severe 
poisoning are bradycardia and hypotension. Lipophilic agents, includ-
ing propranolol, can enter the CNS and cause altered mental status, 
coma, and seizures. Overdose of β blockers with sodium channel–
blocking properties (e.g., propranolol) can cause QRS interval widen-
ing and ventricular dysrhythmias.

Evaluation after β-blocker overdose should include an ECG, frequent 
reassessments of hemodynamic status, and blood glucose. Serum levels 
of β blockers are not readily available for routine clinical use and are 
not useful in management of the poisoned patient. 

Treatment.  In addition to supportive care and GI decontamination 
as indicated, glucagon is theoretically the preferred antidote of choice 
for β-blocker toxicity (see Table 94.8). Glucagon stimulates adenyl-
ate cyclase and increases levels of cyclic adenosine monophosphate 
(cAMP) independent of the β-receptor. Glucagon is typically given as 
a bolus and, if this is effective, followed by a continuous infusion. In 
practice, glucagon is often only marginally effective, limited by its pro-
emetic effects, especially at the high doses typically required. Other 
useful interventions include calcium, vasopressors, and high-dose 
insulin. Seizures are managed with benzodiazepines, and QRS widen-
ing should be treated with sodium bicarbonate. Lipid emulsion therapy 
(discussed earlier) may be considered in patients with signs of shock 
who do not respond to conventional treatments. Children who ingest 
one or two water-soluble β blockers are unlikely to develop toxicity and 
can typically be discharged to home if they remain asymptomatic over 
a 6-hour observation period. Children who ingest SR products, highly 
lipid-soluble agents, and sotalol require longer periods of observation 
before safe discharge. Any symptomatic child should be admitted for 
ongoing monitoring and directed therapy. 

Calcium Channel Blockers.  CCBs are used for a variety of thera-
peutic indications and have the potential to cause severe toxicity, even 
after exploratory ingestions. Specific agents include verapamil, diltia-
zem, and the dihydropyridines (e.g., amlodipine, nifedipine). Of these, 
diltiazem and verapamil are the most dangerous in overdose because of 
their higher lipophilicity and direct cardiac suppressant effects.

Pathophysiology.  CCBs antagonize l-type calcium channels, 
inhibiting calcium influx into myocardial and vascular smooth muscle 
cells. Verapamil works primarily by slowing inotropy and chronotropy 
and in therapeutic dosing has no effect on systemic vascular resistance 
(SVR). Diltiazem has effects both on the heart and the peripheral vas-
culature. The dihydropyridines exclusively diminish SVR. Verapamil 
and diltiazem can significantly diminish myocardial contractility and 
conduction, with diltiazem also lowering SVR. By contrast, dihydro-
pyridines will decrease the SVR, leading to vasodilation and reflex 
tachycardia, although this receptor selectivity may be lost after a large 
overdose. Because the same l-type calcium channels blocked by CCBs 
are also on the pancreatic islet cells, any patient significantly poisoned 
with a CCB may develop hyperglycemia. 

Clinical and Laboratory Manifestations.  Overdoses of CCBs 
lead to hypotension, accompanied by bradycardia, normal heart rate, 
or even tachycardia, depending on the agent. Other rhythm distur-
bances, including AV block, bundle branch blocks, QT prolongation, 
and junctional rhythms, may also be seen. A common feature of CCB 
overdose is the patient exhibiting profound hypotension with pre-
served consciousness.

Initial evaluation should include an ECG, continuous and care-
ful hemodynamic monitoring, and rapid measurement of serum 
glucose levels. Both the absolute degree of hyperglycemia and the 
percentage increase in serum glucose have been correlated with the 
severity of CCB toxicity in adults. The development of hyperglyce-
mia can even precede the development of hemodynamic instability. 
Blood levels of CCBs are not readily available and are not useful in 
guiding therapy. 

Treatment.  Once initial supportive care has been instituted, GI 
decontamination should begin with activated charcoal as appropriate. 
WBI may be beneficial in a stable patient after ingestion of an SR prod-
uct. Calcium channel blockade in the smooth muscles of the GI tract can 
lead to greatly diminished motility; thus any form of GI decontamination 
should be undertaken with careful attention to serial abdominal exams.

Calcium salts, administered through a peripheral IV line as cal-
cium gluconate or a central line as calcium chloride, help to overcome 
blocked calcium channels. High-dose insulin euglycemia therapy is 
considered the antidote of choice for CCB toxicity. An initial bolus of 1 
unit/kg of regular insulin is followed by an infusion at 1-10 units/kg/hr 
(see Table 94.8). The main mechanism of high-dose insulin euglycemia 

Table 94.13    � Clinical Properties of Select Prescription 
Opioids

CLINICAL EFFECT OPIOID

QRS widening, sodium 
channel blockade

Propoxyphene

QT widening, potassium 
channel blockade

Methadone

Seizures Propoxyphene, meperidine

Serotonin syndrome Meperidine, methadone, tramadol

Hearing loss, ototoxicity Methadone, hydrocodone

Modified from Nikolaides JK, Thompson TM. Opioids. In: Walls RM, Hockberger RS, 
Gausche-Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. Philadelphia: Elsevier; 
2018, Table 156.2, p. 1944.
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A toddler vomits after acute iron ingestion, then appears briefly improved before developing
acidosis and circulatory collapse. Which course does the table describe?

A. Latent interval followed by systemic toxicity

B. A single benign self-limited episode

C. Immediate recovery proving no danger

D. A chronic allergic syndrome

E. Isolated vitamin deficiency

Original table 94.15  |  Nelson printed p. 715  |  PDF p. 761
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Early iron-induced hypotension is caused by massive volume losses, 
increased permeability of capillary membranes, and vasodilation 
mediated by free iron. Iron accumulates in tissues, including the 
Kupffer cells of the liver and myocardial cells, leading to hepatotoxicity, 
coagulopathy, and cardiac dysfunction. Metabolic acidosis develops in 
the setting of hypotension, hypovolemia, and iron’s direct interference 
with oxidative phosphorylation and the Krebs cycle. Pediatric patients 
who ingest >40 mg/kg of elemental iron should be referred to medical 
care for evaluation, although moderate to severe toxicity is typically 
seen with ingestions >60 mg/kg. 

Clinical and Laboratory Manifestations.  Iron toxicity is 
described in five often-overlapping stages (Table 94.15). Patients who 
do not develop GI symptoms within 6 hours of ingestion are unlikely to 
develop serious toxicity. Symptomatic patients and patients with a large 
exposure by history should have serum iron levels drawn 4-6 hours 
after ingestion. Serum iron concentrations of <350 μg/dL 4-8 hours 
after ingestion suggest a low risk of significant toxicity, concentrations 
of 350-500 μg/dL suggest moderate toxicity, and concentrations of >500 
μg/dL indicate that significant toxicity is likely. Additional laboratory 
evaluation in the ill patient should include arterial or venous blood gas, 

lactate, CBC, serum glucose level, liver transaminases, and coagulation 
parameters. Careful attention should be paid to the patient’s hemody-
namic status. An abdominal radiograph may reveal the presence of 
iron tablets, although not all formulations of iron are radiopaque. 

Treatment.  Close clinical monitoring, combined with aggressive 
supportive and symptomatic care, is essential to the management of 
iron poisoning. Activated charcoal does not adsorb iron, and WBI 
remains the decontamination strategy of choice. Deferoxamine, a spe-
cific chelator of iron, is the antidote for moderate to severe iron intoxi-
cation (see Table 94.8). Indications for deferoxamine treatment include 
a serum iron concentration >500 μg/dL or moderate to severe symp-
toms of toxicity (e.g., acidosis), regardless of serum iron concentration. 
Deferoxamine is preferably given by continuous IV infusion at 15 mg/
kg/hr. Hypotension is a common side effect of deferoxamine infusion 
and is managed by slowing the rate of the infusion and administering 
fluids and vasopressors as needed. Prolonged deferoxamine infusion 
(>24 hours) has been associated with pulmonary toxicity (ARDS) and 
Yersinia sepsis. The deferoxamine-iron complex can color the urine 
reddish (“vin rosé”), although the degree of this coloration should not 
guide therapy. Deferoxamine is typically continued until clinical symp-
toms and acidosis resolve. Consultation with a PCC or medical toxi-
cologist can yield guidelines for discontinuing deferoxamine. 

Oral Hypoglycemics
Oral medications used in the management of type 2 diabetes include 
sulfonylureas, biguanides (e.g., metformin), thiazolidinediones, and 
meglitinides. Of these, only the sulfonylureas and meglitinides have the 
potential to cause profound hypoglycemia in both diabetic and nondi-
abetic patients. These classes of medications are widely prescribed and 
thus readily available. In toddlers, unintentional ingestion of a single 
sulfonylurea tablet can lead to significant toxicity.

Pathophysiology.  Sulfonylureas work primarily by enhancing 
endogenous insulin secretion. In binding to the sulfonylurea receptor, 
these drugs induce closure of K+ channels, leading to membrane depo-
larization, opening of Ca2+ channels, and stimulation of Ca2+-mediated 
insulin release. Even in therapeutic use, the duration of hypoglycemic 
action can last up to 24 hours. 

Clinical and Laboratory Manifestations.  Hypoglycemia and 
symptoms associated with hypoglycemia are the primary clinical mani-
festations of sulfonylurea toxicity. These signs and symptoms can include 
diaphoresis, tachycardia, lethargy, irritability, coma, seizures, and even 
focal neurologic findings. As with other hyperinsulinemic states, sulfo-
nylurea overdoses are associated with a nonketotic hypoglycemia. In the 
majority of patients, hypoglycemia develops within 6 hours of ingestion 
but can be delayed up to 16-18 hours after ingestion. Toddlers are par-
ticularly susceptible to hypoglycemia during an overnight fast. 

Treatment.  Patients with symptomatic hypoglycemia should be 
promptly treated with dextrose. In patients with mild symptoms, oral 
dextrose may be sufficient. However, patients with severe symptoms 
or profound hypoglycemia should be treated with a bolus of IV dex-
trose. Continuous dextrose infusions and repeated IV dextrose boluses 
should be avoided, if possible, because this can stimulate further insu-
lin release and lead to recurrent and prolonged hypoglycemia. Instead, 
the preferred antidote for persistent (i.e., requiring ≥2 doses of IV dex-
trose) sulfonylurea toxicity is octreotide (see Table 94.8). Octreotide is 
a somatostatin analog that inhibits insulin release. Octreotide is given 
IV or subcutaneously (SC), typically in doses of 1-2 μg/kg (50-100 μg 
in teens or adults) every 6-8 hours.

Given the potential for significant hypoglycemia, toddlers with 
witnessed or suspected sulfonylurea ingestions should be admit-
ted to the hospital for serial glucose measurements for at least 12 
hours, including an overnight fast. Patients of any age who develop 
hypoglycemia are also candidates for admission, given the prolonged 
duration of hypoglycemic activity with these medications. Prophy-
lactic IV dextrose infusions are not recommended because they can 
mask the symptoms of toxicity and stimulate further insulin secre-
tion. Patients who require IV dextrose and/or octreotide should be 
monitored until they can demonstrate euglycemia for at least 8 hours 
off all therapy.

Table. 94.14    � Indications for Administration of Digoxin 
Antibody Fragments in Children

Ingestion of >0.1-0.3 mg/kg or steady-state digoxin concentration  
>5 ng/mL PLUS one of the following:
	•	 �Rapidly progressive symptoms
	•	 �Signs of cardioactive steroid intoxication
	•	 �Potentially life-threatening dysrhythmias or conduction blocks
	•	 �Serum potassium concentration >5 mEq/L

Co-ingestion of other cardiotoxic drugs with additive or synergistic 
toxicity

Ingestion of plant known to contain cardioactive steroids plus severe 
dysrhythmias

Modified from Cole JB. Cardiovascular drugs. In: Walls RM, Hockberger RS, Gausche-
Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. Philadelphia: Elsevier; 2018, 
Box 147.4, p. 1879.

Table 94.15    � Clinical Manifestations of Iron Toxicity After 
Acute Overdose

PHASE CLINICAL FEATURES

1. Gastrointestinal (6 hr) Vomiting
Diarrhea
Hematemesis
Hematochezia

2. Latent (6-24 hr) Resolution of GI symptoms
Tachycardia
Acidosis
Depressed mental status

3. Systemic (12-24 hr) Return of GI symptoms
Acidosis
Leukocytosis
Coagulopathy
Renal failure
Lethargy or coma
Cardiovascular collapse

4. Hepatic (2-5 days) Fulminant liver failure
Coagulopathy

5. Obstructive (3-6 wk) Pyloric or bowel scarring
Obstruction

GI, Gastrointestinal.
Modified from Theobald JL, Mycyk MB. Iron and heavy metals. In: Walls RM, 
Hockberger RS, Gausche-Hill M, et al., eds. Rosen’s Emergency Medicine, 9th ed. 
Philadelphia: Elsevier; 2018, Table 151.2, p. 1913.
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A teen taking sertraline starts tramadol and then develops agitation and clonus. Which
medication interaction in the table increases concern for serotonin toxicity?

A. SSRI plus a serotonergic analgesic

B. SSRI plus plain saline

C. An isolated topical emollient

D. A low-calcium diet

E. An antihistamine eye drop alone

Original table 94.16  |  Nelson printed p. 717  |  PDF p. 763
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completely asymptomatic with normal serial ECGs may be candidates 
for discharge after that monitoring period. 

Selective Serotonin Reuptake Inhibitors.  In overdose, SSRIs 
are considerably less toxic than TCAs. SSRIs are unlikely to cause 
significant toxicity in exploratory ingestions. Some data suggest that 
initiating SSRI therapy is associated with an increased risk of suicidal 
ideation and behavior (see Chapter 40).

Pathophysiology.  SSRIs selectively block the reuptake of sero-
tonin in the CNS. In contrast to TCAs and atypical antidepressants, 
SSRIs do not directly interact with other receptors. 

Clinical and Laboratory Manifestations.  Although seen more 
often after therapeutic use or overdose of several serotonergic agents 
in combination, serotonin syndrome has also been described in 
ingestion of SSRIs alone (Table 94.16). Clinically, serotonin syndrome 
describes a spectrum of altered mental status, autonomic instability, 
fever, and neuromuscular hyperactivity (hyperreflexia, tremors, clonus 
in lower extremities > upper extremities) (Table 94.17). One or all of 
these signs may be present to varying degrees.

In overdose, the principal clinical manifestations of toxicity are 
sedation and tachycardia. Cardiac conduction abnormalities (primar-
ily QTc prolongation) and seizures have been described in significant 
overdoses, especially after ingestions of citalopram. An ECG should 
be part of the initial assessment after SSRI ingestion. Serum cre-
atine kinase (CK) levels are almost always elevated in a patient with 
clinically significant serotonin syndrome. The differential diagnosis 
includes neuroleptic malignant syndrome and malignant hyperther-
mia (Table 94.18). 

Treatment.  Initial management includes a careful assessment 
for signs and symptoms of serotonin syndrome and an ECG. Most 
patients simply require supportive care and observation until their 
mental status improves and tachycardia, if present, resolves. Manage-
ment of serotonin syndrome is directed by the severity of symptoms; 
possible therapeutic interventions include benzodiazepines in mild 
cases and intubation, sedation, and paralysis in patients with severe 
manifestations (e.g., significant hyperthermia). Because agonism at the 
5-HT2A serotonin receptor is thought to be primarily responsible for 
the development of serotonin syndrome, use of the 5-HT2A receptor 
antagonist cyproheptadine has been considered a possible antidote; 
the efficacy of cyproheptadine in managing serotonin syndrome is not 
well-supported by the available literature. Furthermore, cyprohepta-
dine should be used with caution when the diagnosis is unclear, as it 
can worsen anticholinergic toxicity. 

Atypical Antidepressants.  The atypical antidepressant class 
includes agents such as venlafaxine and duloxetine (SNRIs), bupropion 
(dopamine, norepinephrine, and some serotonin reuptake blockade), 
and trazodone (serotonin reuptake blockade and peripheral α-receptor 
antagonism). The variable receptor affinities of these agents lead to 
some distinctions in their clinical manifestations and management.

Clinical and Laboratory Manifestations.  In overdose, venlafax-
ine and other SNRIs have been associated with cardiac conduction 
defects, including QRS and QTc prolongation, and seizures (typi-
cally within a few hours of ingestion). Bupropion warrants special 
consideration because it is one of the most common etiologies of 
toxicant-induced seizures in the United States. After ingestion of SR or 
extended-release (ER) preparations of bupropion, seizures can occur 
as late as 18-20 hours after ingestion. In addition, bupropion can cause 
tachycardia, agitation, and QRS and QTc prolongation. These cardiac 
effects are thought to result from a reduction in cardiac intracellular 
coupling caused by inhibition at gap junctions in the heart. Mortality 
results from not only status epilepticus but also the cardiac conduc-
tion disturbances causing ventricular tachycardia and dysrhythmias. 
In addition to sedation and signs of serotonin excess, trazodone over-
dose may be associated with hypotension from blockade of peripheral 
α-receptors. 

Treatment.  Management is directed at clinical signs and symptoms. 
QRS and QTc interval prolongation after bupropion poisoning is typi-
cally resistant to the standard treatments of sodium bicarbonate and 
magnesium. Seizures are often brief and self-limited but can be treated 
with benzodiazepines if necessary. A patient poisoned with bupropion 
who shows unstable hemodynamics with prolonged ECG intervals or 
persistent seizure activity after the appropriate therapies should be dis-
cussed with a toxicologist for possible lipid emulsion therapy. Because 
of the potential for delayed seizures, asymptomatic patients who have 
ingested an SR preparation of bupropion should be admitted to a mon-
itored setting for at least 20-24 hours. Trazodone-associated hypoten-
sion typically responds to fluids, though it can require vasopressors in 
extreme cases. 

Monoamine Oxidase Inhibitors.  Although now rarely used 
therapeutically, MAOIs remain important agents given their potential 
for serious and delayed toxicity. Ingestions of only one or two pills (6 
mg/kg) are associated with toxicity in children. Clinical manifesta-
tions initially include hypertension, hyperthermia, tachycardia, muscle 
rigidity, and seizures, followed up to 24 hours later by hemodynamic 
instability and cardiovascular collapse. Any child who ingests a MAOI 
should be admitted to a monitored setting for at least 24 hours, regard-
less of symptoms. Management includes blood pressure control, cooling 
and benzodiazepines for hyperthermia, serial monitoring of CK and 
renal function, and fluid and vasopressor therapy for hemodynamic 
instability. 

Psychiatric Medications: Antipsychotics
Clinicians are increasingly prescribing antipsychotic medications in 
the pediatric population. Antipsychotics are usually classified as either 
typical or atypical. In general, typical agents are associated with more 
side effects and toxicity than the atypical agents.

Table 94.16    � Drugs Associated with Serotonin Syndrome

DRUG TYPE DRUGS

Selective serotonin  
reuptake inhibitors

Sertraline, fluoxetine, fluvoxamine,  
paroxetine, citalopram, escitalopram

Antidepressant drugs Trazodone, nefazodone, buspirone,  
clomipramine, venlafaxine,  
amitriptyline, nortriptyline

Monoamine oxidase 
inhibitors

Phenelzine, moclobemide, clorgyline, 
isocarboxazid

Anticonvulsants Valproate

Analgesics Meperidine, fentanyl, tramadol,  
pentazocine

Antiemetic agents Ondansetron, granisetron,  
metoclopramide

Antimigraine drugs Sumatriptan

Bariatric medications Sibutramine

Antibiotics Linezolid (a monoamine oxidase inhibitor), 
ritonavir (through inhibition of  
cytochrome P450 enzyme isoform 3A4)

Nonprescription cough 
and cold remedies

Dextromethorphan

Drugs of abuse Methylenedioxymethamphetamine  
(MDMA, “ecstasy”), lysergic  
acid diethylamide (LSD), 
5-methoxydiisopropyltryptamine (“foxy 
methoxy”), Syrian rue (contains harmine 
and harmaline, both monoamine  
oxidase inhibitors)

Dietary supplements and 
herbal products

Tryptophan, Hypericum perforatum  
(St. John’s wort), Panax ginseng (ginseng)

Other Lithium

From Boyer EW, Shannon M. The serotonin syndrome. N Engl J Med. 2005;352:1112–
1120.
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A child with serotonergic drug exposure has spontaneous clonus, agitation, and fever. Which
severity-associated syndrome in the table is suggested?

A. Serotonin toxicity with neuromuscular excitation

B. Isolated opioid respiratory depression

C. Classic organophosphate poisoning

D. Hypothermic bradycardia

E. Pure iron deficiency

Original table 94.17  |  Nelson printed p. 718  |  PDF p. 764

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 25
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Pathophysiology.  Typical, or “traditional,” antipsychotics (halo-
peridol, droperidol, thioridazine, chlorpromazine, fluphenazine) are 
characterized by their antagonism at D2 dopamine receptors. In thera-
peutic use, these agents are associated with extrapyramidal symptoms, 
tardive dyskinesia, and, rarely, development of neuroleptic malignant 
syndrome (NMS) (see Table 94.18). The atypical agents (aripiprazole, 
clozapine, quetiapine, risperidone, ziprasidone) were developed with 
relatively less dopamine (D2-receptor) antagonism in the nigrostria-
tum to avoid these side effects and improve their efficacy in managing 
the “negative” symptoms of schizophrenia. Instead, these agents have 
complex and varied interactions with multiple receptor types, includ-
ing α-receptors, serotonin receptors, muscarinic acetylcholine recep-
tors, and histamine receptors. 

Clinical and Laboratory Manifestations.  Typical antipsychotic 
toxicity usually includes sedation, tachycardia, and QTc prolongation. 

Patients can present with acute dystonia, akathisia, and NMS, although 
these are seen less frequently in acute overdoses than in therapeutic 
use. The phenothiazines (e.g., thioridazine) can cause widening of the 
QRS interval from blockade of fast sodium channels. Clinically, NMS 
can be difficult to distinguish from serotonin syndrome.

Although the presentation of atypical antipsychotic toxicity can vary 
based on the receptor affinities of the specific agent, sedation, tachy-
cardia, and QTc prolongation are common. Peripheral α-receptor 
blockade (e.g., with quetiapine) is associated with hypotension. In 
therapeutic use, clozapine is associated with agranulocytosis. Atypi-
cal antipsychotics that antagonize muscarinic acetylcholine receptors 
(e.g., olanzapine, quetiapine) may cause symptoms of anticholinergic 
toxidrome.

Diagnostic testing should include an ECG. Patients with hyperther-
mia or muscle rigidity should have a serum CK level sent to monitor 

Table 94.18    � Signs and Symptoms of Neuroleptic Malignant Syndrome (NMS)/Serotonin Syndrome/Malignant Hyperthermia

CLINICAL FEATURES NMS SEROTONIN SYNDROME MALIGNANT HYPERTHERMIA

Triggering agent Neuroleptic Proserotonergic agent Succinylcholine or inhaled anesthetic

Onset Slow (hours to days) Fast (minutes to hours) Very fast to fast (minutes to hours)

Duration Long (days to weeks) Short (1-2 days) Short (1-3 days)

Agitation Sometimes Yes No

Confusion Yes Sometimes Unusual

Hyperactivity No Yes No

Bradykinesia/stupor Yes No Unusual

Myoclonus No Yes No

Shivering No Yes/sometimes No

Tremor Sometimes Yes No

Pupils Mid-sized Large Not specific

Hyperreflexia No Yes (especially lower extremities) No

Rigidity Severe Sometimes Severe

Rigidity type Extrapyramidal (lead pipe) Pyramidal (clasp-knife) Generalized

Hyperpyrexia Yes Yes Severe

Tachypnea Yes Yes Yes

Tachycardia Yes Yes Yes (severe)

Hypertension Sometimes Yes Sometimes

Leukocytosis Yes Uncommon Not typical

Elevated creatine phosphokinase Severe Mild Severe

Adapted from Gillman PK. The serotonin syndrome and its treatment. J Psychopharmacol 1999;13:100–109; Gillman K; Serotonin toxicity www.psychotropical.com/serotonin-toxicity; 
and Wappler F, Fiege M, Schulte am Esch J. Pathophysiological role of the serotonin system in malignant hyperthermia. Br J Anaesth. 2001;87(5):794–798.

Table 94.17    � Spectrum of Symptoms of Serotonergic Toxicity

SEVERITY NEUROMUSCULAR EXCITATION ALTERED MENTAL STATUS AUTONOMIC DYSFUNCTION

Mild Hyperreflexia
Tremor
Myoclonus

Anxiety
Restlessness
Insomnia

Diaphoresis
Mydriasis
Tachycardia

Moderate Opsoclonus
Spontaneous or inducible clonus

Agitation Hypertension
Hyperthermia (<40°C [<104°F])
Hyperactive bowel sounds
Diarrhea, nausea, vomiting

Severe Rigidity
Respiratory failure
Tonic-clonic seizure

Coma
Delirium
Confusion

Severe hyperthermia (≥40°C [≥104°F])
Dynamic blood pressure

Adapted from Wang RZ, Vashistha V, Kaur S, Houchens NW. Serotonin syndrome: Preventing, recognizing, and treating it. Clev Clinic J Med. 2016;83(11):810–817, Table 2, p. 812.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 205 / 300

205



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 26 / 30

A patient becomes acutely hyperthermic and develops clonus within hours of serotonergic
medication exposure. Which syndrome is favored over neuroleptic malignant syndrome in the
comparison table?

A. Serotonin syndrome

B. Neuroleptic malignant syndrome

C. Malignant hyperthermia from anesthetics

D. Uncomplicated fever

E. Myasthenia gravis

Original table 94.18  |  Nelson printed p. 718  |  PDF p. 764

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 26
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Pathophysiology.  Typical, or “traditional,” antipsychotics (halo-
peridol, droperidol, thioridazine, chlorpromazine, fluphenazine) are 
characterized by their antagonism at D2 dopamine receptors. In thera-
peutic use, these agents are associated with extrapyramidal symptoms, 
tardive dyskinesia, and, rarely, development of neuroleptic malignant 
syndrome (NMS) (see Table 94.18). The atypical agents (aripiprazole, 
clozapine, quetiapine, risperidone, ziprasidone) were developed with 
relatively less dopamine (D2-receptor) antagonism in the nigrostria-
tum to avoid these side effects and improve their efficacy in managing 
the “negative” symptoms of schizophrenia. Instead, these agents have 
complex and varied interactions with multiple receptor types, includ-
ing α-receptors, serotonin receptors, muscarinic acetylcholine recep-
tors, and histamine receptors. 

Clinical and Laboratory Manifestations.  Typical antipsychotic 
toxicity usually includes sedation, tachycardia, and QTc prolongation. 

Patients can present with acute dystonia, akathisia, and NMS, although 
these are seen less frequently in acute overdoses than in therapeutic 
use. The phenothiazines (e.g., thioridazine) can cause widening of the 
QRS interval from blockade of fast sodium channels. Clinically, NMS 
can be difficult to distinguish from serotonin syndrome.

Although the presentation of atypical antipsychotic toxicity can vary 
based on the receptor affinities of the specific agent, sedation, tachy-
cardia, and QTc prolongation are common. Peripheral α-receptor 
blockade (e.g., with quetiapine) is associated with hypotension. In 
therapeutic use, clozapine is associated with agranulocytosis. Atypi-
cal antipsychotics that antagonize muscarinic acetylcholine receptors 
(e.g., olanzapine, quetiapine) may cause symptoms of anticholinergic 
toxidrome.

Diagnostic testing should include an ECG. Patients with hyperther-
mia or muscle rigidity should have a serum CK level sent to monitor 

Table 94.18    � Signs and Symptoms of Neuroleptic Malignant Syndrome (NMS)/Serotonin Syndrome/Malignant Hyperthermia

CLINICAL FEATURES NMS SEROTONIN SYNDROME MALIGNANT HYPERTHERMIA

Triggering agent Neuroleptic Proserotonergic agent Succinylcholine or inhaled anesthetic

Onset Slow (hours to days) Fast (minutes to hours) Very fast to fast (minutes to hours)

Duration Long (days to weeks) Short (1-2 days) Short (1-3 days)

Agitation Sometimes Yes No

Confusion Yes Sometimes Unusual

Hyperactivity No Yes No

Bradykinesia/stupor Yes No Unusual

Myoclonus No Yes No

Shivering No Yes/sometimes No

Tremor Sometimes Yes No

Pupils Mid-sized Large Not specific

Hyperreflexia No Yes (especially lower extremities) No

Rigidity Severe Sometimes Severe

Rigidity type Extrapyramidal (lead pipe) Pyramidal (clasp-knife) Generalized

Hyperpyrexia Yes Yes Severe

Tachypnea Yes Yes Yes

Tachycardia Yes Yes Yes (severe)

Hypertension Sometimes Yes Sometimes

Leukocytosis Yes Uncommon Not typical

Elevated creatine phosphokinase Severe Mild Severe

Adapted from Gillman PK. The serotonin syndrome and its treatment. J Psychopharmacol 1999;13:100–109; Gillman K; Serotonin toxicity www.psychotropical.com/serotonin-toxicity; 
and Wappler F, Fiege M, Schulte am Esch J. Pathophysiological role of the serotonin system in malignant hyperthermia. Br J Anaesth. 2001;87(5):794–798.

Table 94.17    � Spectrum of Symptoms of Serotonergic Toxicity

SEVERITY NEUROMUSCULAR EXCITATION ALTERED MENTAL STATUS AUTONOMIC DYSFUNCTION

Mild Hyperreflexia
Tremor
Myoclonus

Anxiety
Restlessness
Insomnia

Diaphoresis
Mydriasis
Tachycardia

Moderate Opsoclonus
Spontaneous or inducible clonus

Agitation Hypertension
Hyperthermia (<40°C [<104°F])
Hyperactive bowel sounds
Diarrhea, nausea, vomiting

Severe Rigidity
Respiratory failure
Tonic-clonic seizure

Coma
Delirium
Confusion

Severe hyperthermia (≥40°C [≥104°F])
Dynamic blood pressure

Adapted from Wang RZ, Vashistha V, Kaur S, Houchens NW. Serotonin syndrome: Preventing, recognizing, and treating it. Clev Clinic J Med. 2016;83(11):810–817, Table 2, p. 812.
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A toddler eats autumn crocus and develops vomiting followed by progressive systemic illness.
Which delayed complication in the toxic-plant table is particularly concerning?

A. Bone marrow failure

B. Isolated speech delay

C. Congenital heart defect

D. Transient myopia

E. Vitamin D deficiency

Original table 94.19  |  Nelson printed p. 722  |  PDF p. 768

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 27
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Table 94.19    � Commonly Ingested Plants with Significant Toxic Potential

PLANT SYMPTOMS MANAGEMENT

Autumn crocus (Colchicum autumnale) Vomiting
Diarrhea
Initial leukocytosis followed by bone marrow 

failure
Multisystem organ failure

Activated charcoal decontamination
Aggressive fluid resuscitation and supportive 

care

Belladonna alkaloids: jimsonweed (Datura 
stramonium)

Belladonna (“deadly nightshade”; Atropa 
belladonna)

Anticholinergic toxidrome
Seizures

Supportive care, benzodiazepines
Consider physostigmine; only use if no  

conduction delays on ECG

Cardiac glycoside–containing plants  
(e.g., foxglove, lily of the valley, oleander, 
yellow oleander)

Nausea
Vomiting
Bradycardia
Dysrhythmias (AV block, ventricular ectopy)
Hyperkalemia

Digoxin-specific Fab fragments

Jequirity bean and other abrin-containing 
species (e.g., rosary pea, precatory bean)

Oral pain
Vomiting
Diarrhea
Shock
Hemolysis
Renal failure

Supportive care, including aggressive volume 
resuscitation and correction of electrolyte 
abnormalities

Monkshood (Aconitum species) Numbness and tingling of lips/tongue
Vomiting
Bradycardia

Atropine for bradycardia
Supportive care

Oxalate-containing plants: Philodendron, 
Dieffenbachia, Colocasia (“elephant ear”)

Local tissue injury
Oral pain
Vomiting

Supportive care, pain control

Poison hemlock (Conium maculatum) Vomiting
Agitation followed by CNS depression
Paralysis
Respiratory failure

Supportive care

Pokeweed Hemorrhagic gastroenteritis
Burning of mouth and throat

Supportive care

Rhododendron Vomiting
Diarrhea
Bradycardia

Atropine for symptomatic bradycardia
Supportive care

Tobacco Vomiting
Agitation
Diaphoresis
Fasciculations
Seizures

Supportive care

Water hemlock (Cicuta species) Abdominal pain
Vomiting
Delirium
Seizures

Supportive care, including benzodiazepines for 
seizures

Yew (Taxus species) GI symptoms
QRS widening
Hypotension
CV collapse

Supportive care
Atropine for bradycardia
Sodium bicarbonate does not appear to be 

effective

AV, Atrioventricular; CNS, central nervous system; CV, cardiovascular; ECG, electrocardiogram; Fab, fragment, antigen binding; GI, gastrointestinal.

Toxic Gases
Carbon Monoxide
Although many industrial and naturally occurring gases pose a health 
risk by inhalation, the most common gas involved in pediatric expo-
sures is CO. CO is a colorless, odorless gas produced during the com-
bustion of any carbon-containing fuel; the less efficient the combustion, 
the greater the amount of CO produced. Wood-burning stoves, kero-
sene heaters, old furnaces, hot-water heaters, closed-space fires, and 
automobiles are a few of the potential sources of CO.

Pathophysiology.  CO binds to hemoglobin with an affinity 
>200 times that of oxygen, forming carboxyhemoglobin (HbCO). 

In doing so, CO displaces oxygen and creates a conformational 
change in hemoglobin that impairs the delivery of oxygen to the tis-
sues, leading to tissue hypoxia. HbCO levels are not well correlated 
with clinical signs of toxicity, likely because CO interacts with mul-
tiple proteins in addition to hemoglobin. CO binds to cytochrome 
oxidase, disrupting cellular respiration. CO displaces nitric oxide 
(NO) from proteins, allowing NO to bind with free radicals to form 
the toxic metabolite peroxynitrite, leading to lipid peroxidation  
and cellular damage. NO is also a potent vasodilator, in part 
responsible for clinical symptoms such as headache, syncope, and 
hypotension. 
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A child ingests aconite-containing herbal material and develops palpitations. Which toxicity in
the herb table should be anticipated?

A. Cardiac arrhythmia

B. Only constipation

C. Rickets

D. Hypothyroidism

E. A benign blue-gray skin patch

Original table 94.20  |  Nelson printed p. 723  |  PDF p. 769

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 28
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Table 94.20    � Clinical Toxicity of Selected Herbs

COMMON NAME BOTANICAL NAME THERAPEUTIC USES POTENTIAL TOXICITY

Aconite (monkshood, 
wolfsbane)

Aconitum spp. Sedative, analgesic, antihypertensive Cardiac arrhythmias

Aloe Aloe spp. Burns, skin diseases Nephritis, GI upset

Betel nut Areca catechu Mood elevation Bronchoconstriction, oral cancers

Bloodroot Sanguinaria canadensis Emetic, cathartic, eczema GI upset, vertigo, visual disturbances

Chaparral (greasewood) Larrea tridentata Aging, free radical scavenging Hepatitis

Compound Q Trichosanthes kirilowii Anthelmintic, cathartic Diarrhea, hypoglycemia, CNS toxicity

Dandelion Taraxacum officinale Diuretic, heartburn remedy Anaphylaxis

Figwort (xuan shen) Scrophularia spp. Antiinflammatory, antibacterial Cardiac stimulation

Ginseng Panax quinquefolium Antihypertensive, aphrodisiac, stimulant, 
mood elevation, digestive aid

Ginseng abuse syndrome

Goldenseal Hydrastis canadensis Digestive aid, mucolytic, antiinfective Uterine, cardiac stimulation; GI upset, 
leukopenia

Hellebore Veratrum spp. Antihypertensive Vomiting, bradycardia, hypotension

Hyssop Hyssopus officinalis Asthma, mucolytic Seizures

Juniper Juniperus communis Hallucinogen GI upset, seizures, renal injury, 
hypotension, bradycardia

Kava Piper methysticum Sedative Inebriation

Kombucha Stimulant Metabolic acidosis, hepatotoxicity, death

Licorice Glycyrrhiza spp. Indigestion Mineralocorticoid effects

Lily of the valley Convallaria spp. Cardiotonic GI (nausea, vomiting), cardiac arrhythmias

Linn (willow) Salix caprea Purgative Hemolysis with glucose-6-phosphate 
dehydrogenase deficiency

Lobelia (Indian tobacco) Lobelia spp. Stimulant Nicotine intoxication

Ma Huang Ephedra sinica Stimulant Sympathetic crisis, especially with 
monoamine oxidase inhibitors

Mandrake Mandragora officinarum Hallucinogen Anticholinergic syndrome

Mormon tea Ephedra nevadensis Stimulant, asthma, antipyretic Hypertension, sympathomimetic

Nutmeg Myristica fragrans Hallucinogen, abortifacient Hallucinations, GI upset

Oleander Nerium oleander Cardiac stimulant Cardiac arrhythmias

Passionflower Passiflora caeruliea Hallucinogen Hallucinations, seizures, hypotension

Periwinkle Vinca spp. Antiinflammatory, diabetes Alopecia, seizures, hepatotoxicity

Pokeweed Phytolacca spp. Arthritis, chronic pain GI upset, seizures, death

Sabah Sauropus androgynus Weight loss, vision Pulmonary injury

Sage Salvia spp. CNS stimulant Seizures

Snakeroot Rauwolfia serpentina Sedative, antihypertensive Bradycardia, coma

Squill Urginea maritima Arthritis, cardiac stimulant Seizures, arrhythmias, death

Thorn apple (jimsonweed) Datura stramonium Hallucinations Anticholinergic

Tonka bean Dipteryx odorata Anticoagulant Bleeding diathesis

Valerian root Valeriana spp. Sedative Sedation, obtundation

Wild (squirting) cucumber Ecballium elaterium Constipation, antiinflammatory, 
rheumatic disease

Airway obstruction

Wormwood (mugwort) Artemisia spp. Stimulant, hallucinogen Hallucinations, seizures, uterine 
stimulation

Yohimbine Corynanthe yohimbe Aphrodisiac, stimulant Hypertension, sympathetic crisis

CNS, Central nervous system; GI, gastrointestinal.
From Kingston RL, Foley C. Herbal, traditional, and alternative medicines. In: Shannon MW, Borron SW, Burns MJ, eds. Haddad and Winchester’s Clinical Management of Poisoning 
and Drug Overdose, 4th ed. Philadelphia: Saunders; 2007, Table 68.1, p. 1081.
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A child has a highly distinctive phenotype known to result from pathogenic variants in one
gene. Which genetic-testing strategy in the table is most focused?

A. Single-gene testing

B. A broad untargeted genome analysis as the first and only possible option

C. Karyotyping for all single-base substitutions

D. Only a newborn hearing screen

E. No genetic test because features are distinctive

Original table 95.2  |  Nelson printed p. 727  |  PDF p. 773
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affecting a single gene may cause more than one disorder. Variants in 
SCN5A can cause Brugada syndrome type 1, long QT syndrome type 
3, dilated cardiomyopathy type 1E, familial atrial fibrillation type 10, 
familial ventricular fibrillation type 1, progressive heart block type 1A, 
nonprogressive heart block, and sick sinus syndrome type 1.

Single-gene disorders tend to occur when changes in a gene have a 
profound effect on the quantity of the gene product produced, either 
too much or too little, or the function of the gene product, either a 
loss of function or a harmful gain of function. Single-gene disorders 
can be caused by de novo sequence changes that are not found in the 
unaffected parents of the affected individual, or they may be caused 
by inheriting the affected gene. When a single-gene disorder is known 
to be caused by changes in only one gene, or a small number of indi-
vidual genes, searching for deleterious changes is classically performed 
by directly sequencing that gene and, in some cases, looking for small 
deletions and/or duplications in that gene. When multiple genes can 
cause a particular disorder, it is sometimes more efficient and cost-
effective to screen large numbers of disease-causing genes using a 
disease-specific panel, which takes advantage of massively parallel or 
next-generation sequencing technology, rather than screening genes 
individually. When such panels are not available, or when the diagnosis 
is in question, physicians may consider screening the protein-coding 
regions of all genes by exome sequencing (ES), also termed whole 
exome sequencing (WES), on a clinical basis. In many circumstances, 
ES is less expensive than sequencing multiple individual genes. Whole 
genome sequencing (WGS), in which an individual’s entire genome is 
sequenced, is another clinical option (see Chapter 98; Table 95.2).

The risk of having a child with a particular single-gene disorder 
can vary from one population to another. This may be the result of a 
founder effect, in which a specific change affecting a disease-causing 
gene becomes relatively common in a population derived from a small 
number of founder individuals. This high frequency is maintained 
when there is relatively little interbreeding with persons outside that 
population because of social, religious, or physical barriers. This is the 
case for Tay-Sachs disease in Ashkenazi Jews and French Canadians. 
Other changes may be subject to positive selection when found in the 
heterozygous carrier state. In this case, individuals who carry a single 
copy of a genetic change (heterozygotes) have a survival advantage 
over noncarriers. This can occur even when individuals who inherit 
two copies of the change (homozygotes) have severe medical prob-
lems. This type of positive selection is evident among individuals in 
sub-Saharan Africa who carry a single copy of a hemoglobin patho-
genic variant that confers relative resistance to malaria but causes sickle 
cell anemia in homozygotes.

Genomic disorders are a group of diseases caused by alterations in the 
genome, including deletions (copy number loss), duplications (copy 
number gain), inversions (altered orientation of a genomic region), and 
chromosomal rearrangements (altered location of a genomic region). 
Contiguous gene disorders are caused by changes that affect two or 
more genes that contribute to the clinical phenotype and are located 
near one an other on a chromosome. DiGeorge syndrome, which is 
caused by deletions of genes located on chromosome 22q11, is a com-
mon example. Some genomic disorders are associated with distinctive 
phenotypes whose patterns can be recognized clinically. Other genomic 
disorders do not have a distinctive pattern of anomalies but can cause 
developmental delay, cognitive impairment, structural birth defects, 
abnormal growth patterns, and changes in physical appearance.

Fluorescent in situ hybridization (FISH) can provide informa-
tion about the copy number and location of a specific genomic region. 
Array-based copy number detection assays, sometimes referred to as 
chromosomal microarray analyses, can be used to screen for chromo-
somal deletions and duplications (large and small) across the genome 
but do not provide information about the orientation or location of 
genomic regions. A chromosome analysis (karyotype) can detect 
relatively large chromosomal deletions and duplications and can 
also be useful in identifying inversions and chromosomal rearrange-
ments even when they are copy number neutral changes that do not 
result in a deletion or duplication of genomic material (e.g., balanced 
translocations).

Deletions, duplications, and chromosomal rearrangements that 
affect whole chromosomes, or large portions of a chromosome, are 
typically referred to as chromosomal disorders. One of the most 
common chromosomal disorders is Down syndrome, which is most 
often associated with the presence of an extra copy, or trisomy, of an 
entire chromosome 21. When all or part of a chromosome is missing, 
the disorder is referred to as monosomy. Translocations are a type 
of chromosomal rearrangement in which a genomic region from one 
chromosome is transferred to a different location on the same chro-
mosome or on a different (nonhomologous) chromosome. Transloca-
tions can be balanced, meaning that no genetic material has been lost 
or gained, or they can be unbalanced, in which some genetic material 
has been deleted or duplicated.

In some cases, only a portion of cells that make up a person’s body 
are affected by a single-gene defect, a genomic disorder, or a chro-
mosomal defect. This is referred to as mosaicism and indicates that 
the individual’s body is made up of two or more distinct cell popula-
tions. Through use of technologies with high sensitivity, it has become 

Table 95.2    � Indications for Single Gene, Gene Panel,  
Exome, and Genome Sequencing

INDICATIONS EXAMPLES

SINGLE GENE
Minimal locus heterogeneity 

(only one or a small number 
of genes known to cause the 
condition)

CFTR for cystic fibrosis

Distinctive clinical findings that 
clearly point to specific gene

PAH for phenylketonuria

GENE PANEL
Locus heterogeneity (multiple 

genes are known to cause the 
same or similar conditions)

Muscular dystrophy panel

Disorders with overlapping 
phenotypes

Cardiomyopathy panel

Disorders that share one 
manifestation but can have 
very different presentations

Epilepsy panel

Disorders associated with genes 
from a common pathway or 
structure

RASopathy panel

EXOME
Extreme heterogeneity and de 

novo mutations common
Autism, intellectual disability

Two or more unrelated 
phenotypes in one patient

Oculocutaneous albinism and 
neutropenia

No distinctive phenotypic feature 
present

Kabuki syndrome

Phenotype indistinct and 
underlying cause not clear

Congenital diarrhea, Zellweger 
syndrome

GENOME
As above for Exome, plus:
Noncoding variation is  

suspected as a cause
Hypertrophic cardiomyopathy

Structural variation is suspected 
as a cause

DiGeorge syndrome

Exome sequencing already 
performed and was 
nondiagnostic

Undiagnosed Diseases Network

Rapid generation of sequencing 
data needed for patients who 
are critically ill

Neonates and children in 
intensive care

Suspected mitochondrial 
disorder: multisystem (heart, 
brain, muscle, liver) disorder

Whole genome and/or  
mitochondrial DNA (tissue) 
sequencing

From Manolio TA, Rowley R, Williams MS, et al. Opportunities, resources,  
and techniques for implementing genomics in clinical care. Lancet. 2019;394:511–520. 
Table 2.
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A child with developmental delay may have a pathogenic microdeletion or duplication. Which
test in the comparison table detects copy-number changes across the genome?

A. Chromosomal microarray

B. Conventional visual acuity testing

C. A stool culture

D. Pulse oximetry

E. A routine EEG alone

Original table 98.1  |  Nelson printed p. 749  |  PDF p. 795
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Genetic testing involves analyzing genetic material to obtain informa-
tion related to a person’s health status using chromosomal (cytoge-
netic) analysis (see Chapter 99) and nucleic acid (primarily DNA but 
also RNA)-based testing.

DIAGNOSTIC TESTING
Diagnostic genetic testing helps to aggregate a set of signs and symp-
toms (phenotype) for disease diagnosis. The list of disorders for which 
specific genetic tests are available is extensive and growing. The website 
http://www.ncbi.nlm.nih.gov/gtr/ provides one database of reported 
available tests.

Single-gene disorders can be tested by at least three different 
approaches: linkage analysis (a classical approach now rarely used), 
chromosome microarray (CMA), and direct pathogenic variant analysis, 
usually by DNA sequencing (Table 98.1). Linkage analysis is used if the 
responsible gene is mapped but not yet identified, or if it is impracti-
cal to find specific pathogenic variants, usually because of the large size 
and large number of different pathogenic variants in some genes. CMA 
can be used to detect large, multigene deletions or duplications (copy 
number variations, or CNVs). In addition, with increasing resolu-
tion, single-gene or smaller intragenic deletions or duplications can be 
detected by CMA, although it is important to note that coverage of each 
gene varies by array type used. Direct DNA pathogenic variant identifica-
tion is readily available with the advent of the complete human genome 
sequence next-generation sequencing (NGS) tools. We also recognize the 
relatively frequent co-occurrence of multiple disorders, each caused by 
distinct pathogenic variants, in patients with complex or “blended” fea-
tures. This may include partial to minimal clinical manifestations in a 
substantial percentage of individuals harboring pathogenic variants in 
known disease genes that remain undiagnosed. The ability to simultane-
ously sequence hundreds to thousands of genes (via NGS approaches) 
has provided insight into this complexity of disease pathogenesis.

Linkage testing involves tracking a genetic trait through a family 
using closely linked polymorphic markers as a surrogate for the trait 

(Fig. 98.1). It requires testing an extended family and is vulnerable to 
several pitfalls, such as genetic recombination, genetic heterogeneity, 
and incorrect diagnosis in the proband or family member. Genetic 
recombination occurs between any pair of loci, with the frequency 
being proportional to the distance between them. This problem is min-
imized using very closely linked markers and, if possible, using markers 
that flank the specific gene. Genetic heterogeneity can be problematic 
for a linkage-based test if there are multiple distinct genomic loci that 
can cause the same phenotype, resulting in the risk that the locus tested 
for is not the one responsible for disease in the family. Incorrect diag-
nosis in the proband also leads to tracking the wrong gene. Linkage 
testing remains useful for several genetic conditions, but it has been 
superseded by the availability of DNA sequencing of either single gene, 
panel, or exome sequencing.

CMAs can detect CNVs in a patient’s DNA (see Chapter 99). CMA 
provides a level of genetic resolution between that available with DNA 
sequencing (single nucleotide) and that available with chromosome 
analysis (∼5 million base pairs). CMA can resolve deletions or dupli-
cations of several kilobases within one gene. In theory, this approach 
can detect deletion and duplication pathogenic variants that would 
be missed by either chromosome analysis or direct pathogenic vari-
ant testing by DNA sequencing. However, because the specific resolu-
tion and coverage of different CMA platforms can vary tremendously 
for different gene regions, the sensitivity for detecting deletions and 
duplications can vary for different diseases and laboratories. The high-
est resolution used is detection of a deletion or duplication at the single 
exon level.

Direct DNA-based pathogenic variant testing avoids the pitfalls 
of linkage testing by detecting the specific gene pathogenic variant 
(i.e., sequence change). The specific approach used is customized to 
the biology of the gene being tested. In some disorders, one or a few 
distinct pathogenic variants occur in all affected individuals and a spe-
cific assay for that variant could be used. This is the case in sickle cell 
anemia, in which the same single-base substitution occurs in every-
one with the disorder. In other conditions, many possible pathogenic 
variants may account for the disorder in different individuals. In cystic 
fibrosis, for example, >1,000 distinct pathogenic variants have been 
found in the CFTR gene. Pathogenic variant analysis is challenging 
because no single technique can detect all possible pathogenic variants 
(e.g., single nucleotide variation [SNV]), small (several nucleotide) 
insertion-deletions (“indels”), CNV (larger deletion or duplications), 
complex structural variations (e.g., translocations, inversions, etc.), 
DNA repeat expansions (e.g., variable repeat expansions), and epi-
genetic alterations (e.g., changes in DNA methylation without chang-
ing the underlying DNA sequence). However, with high-throughput 
DNA sequencing technology, the most frequently used approach is to 

Chapter 98

Integration of Genetics 
into Pediatric Practice
Brendan Lee and Nicola Brunetti-Pierri

Table 98.1    � Approaches for Genetic Testing

TYPE OF TESTING RESOLUTION ADVANTAGES DISADVANTAGES SAMPLE REQUIREMENTS

Linkage analysis Depends on location of 
polymorphic markers 
near putative disease 
gene

Possible when specific 
disease-causing genetic 
pathogenic variant is not 
identifiable or found

Can give only diagnostic 
probability based on 
likelihood of genetic 
recombination between 
presumed DNA 
pathogenic variant and 
polymorphic markers

Requires multiple 
family members with 
documented Mendelian 
pattern of inheritance 
within family

Chromosome  
microarray (CMA)

Several hundred base  
pairs to several  
hundreds of kilobases

Able to detect small 
deletion or duplications 
within one or more genes

Can miss small deletions 
or insertions depending 
on the resolution of the 
array used

Single patient sample 
sufficient, but having sample 
from biological parents can 
help with interpretation

Direct DNA-based 
testing (e.g., DNA 
sequencing)

Single–base-pair  
changes

High specificity if previously 
described deleterious 
pathogenic variant is 
found

Can miss deletion or 
duplication of a segment 
of gene

Single patient sample 
sufficient, but having 
sample from biological 
parents and siblings 
(affected or unaffected) can 
help with interpretation
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A genomic test reveals an unexpected pathogenic variant that could lead to a preventable
condition beginning in childhood. How is this incidental finding categorized in the table?

A. Childhood onset, medically actionable

B. Childhood onset, not medically actionable

C. Adult onset, medically actionable

D. Adult onset, not medically actionable

E. A laboratory artifact by definition

Original table 98.2  |  Nelson printed p. 751  |  PDF p. 797
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discrimination, including denial of health, life, or disability insurance, 
or employment (see Chapter 95).

It is generally agreed that predictive genetic tests should be per-
formed for children only if the results of the test will benefit the medical 
management during childhood; otherwise, the test should be deferred 
until the individual understands the risks and benefits of testing and 
can provide their own informed consent. Individual states offer vary-
ing degrees of protection from discrimination on the basis of genetic 
testing. A major milestone in the prevention of genetic discrimination 
was the passage of the Genetic Information Nondiscrimination Act 
(GINA) in 2008, which is a U.S. federal law that prohibits discrimina-
tion in health coverage or employment based on genetic information. 
Of note, it does not protect against refusal of life insurance.

Predispositional genetic testing is available with the goal of pre-
dicting risk of disease. The rationale for predispositional testing is that 
the results would lead to strategies aimed at risk reduction as part of a 
personalized approach to healthcare maintenance. This might include 
avoidance of environmental exposures that would increase risk of dis-
ease (cigarette smoking and α1-antitrypsin deficiency), medical sur-
veillance (familial breast cancer and mammography), or in some cases, 
pharmacologic treatment (statins and hypercholesterolemia).

Common disorders are multifactorial in etiology, and many dif-
ferent genes may contribute to risk of any specific condition (see 
Chapter 103). Most genetic variants found to correlate with risk of 
a common disease add small increments of relative risk and, in most 
cases, too little to guide management based on a single variant.

Statistical models for predicting risk based on a collection of DNA 
variants has been integrated into approaches such as polygenic risk 
scores. By combining the relative risk conferred by a group of DNA 
variants, the goal is to quantify a larger proportion of risk for a spe-
cific disease. These predictions are confounded by the source of data 

from which they are generated, and current population genetic data 
have limitations including lack of ethnic diversity and population 
stratification. 

PHARMACOGENETICS
Polymorphisms in drug metabolism genes can result in distinctive 
patterns of drug absorption, metabolism, excretion, or effective-
ness. Knowledge of individual genotypes can guide pharmacologic 
therapy, allowing customization drug choice and dosage to avoid 
toxicity and provide a therapeutic response. Well-known exam-
ples include testing for polymorphisms within the methylene-
tetrahydrofolate reductase (MTHFR) gene for susceptibility of 
potentially increased toxicity to methotrexate antimetabolite therapy 
and thiopurine S-methyltransferase (TPMT) to avoid adverse effects 
with 6-mercaptopurine therapy (Fig. 98.3).

Pediatric Pharmacogenomics
Pharmacogenomics is the study of how variants contribute to interindi-
vidual variability in drug response. The finding that drug responses can 
be influenced by the patient’s genetic profile offers great hope for realiz-
ing individualized pharmacotherapy, in which the relationship between 
genotype and phenotype (either disease and/or drug response) is predic-
tive of drug response. In addition to genetic differences, environmen-
tal factors (e.g., diet, concomitant drug or toxic exposure), physiologic 
variables (age, sex, pregnancy), and patient adherence all contribute 
to variations in drug metabolism and response. Interindividual differ-
ences in children are further complicated by the changing patterns of 
gene expression occurring during the developmental processes from 
birth through adolescence. Combining these genetic and nongenetic 
individual-specific variables, it is expected that children will benefit from 
the promise of precision medicine, e.g., identifying the right drug for the 
right patient at the right time and dosing (Fig. 98.4).

Examples of pharmacogenomic traits include specific adverse drug 
reactions, such as prolonged respiratory muscle paralysis due to succinyl-
choline, hemolysis associated with antimalarial therapy, carbamazepine-
induced Stevens-Johnson syndrome, isoniazid-induced neurotoxicity, 
and others (Table 98.3). The pharmacokinetic properties of a drug are 
determined by genes that control drug absorption, distribution, metabo-
lism, and excretion. Drug-metabolizing enzymes and drug transporters 
play a particularly important role in this process. One of the better rec-
ognized clinical manifestations of pharmacogenomic variability in drug 
biotransformation is an increased risk of concentration-dependent tox-
icity caused by reduced clearance and consequent tissue drug accumu-
lation. Equally important is the lack of efficacy caused by variations in 
metabolism of prodrugs that require biotransformation to be converted 
into a pharmacologically active form. The pharmacogenomics of drug 
receptors and other target proteins involved in signal transduction or 
disease pathogenesis are also expected to contribute to interindividual 
variability in drug disposition and response.
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Fig. 98.2  Overview of the next-generation DNA sequencing workflow. CNV, Copy number variant; Indels, insertions and deletions; SNV, single 
nucleotide variant; SV, structural variant. (Adapted from Casey G, Conti D, Haile R, et al. Next generation sequencing and a new era of medicine. 
Gut. 2013;62[6]:920–932.)

Table 98.2    � Variants That Are Incidental Findings Are  
Assigned to One of Four Categories

Childhood onset Medically actionable*

Childhood onset Not medically actionable†

Adult onset Medically actionable*

Adult onset Not medically actionable†

*“Medically actionable” refers to a variant in a gene in which knowledge of the 
particular variant will affect medical decision-making, such as initiation of a treatment 
or family planning.

†“Not medically actionable” refers to variants that increase the individual’s risk for a 
disease in which no treatment is proven to significantly change the disease natural 
history.

From Bick D, Dimmock D. Whole exome and whole genome sequencing. Curr Opin 
Pediatr. 2011;23:594–600.
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An adolescent remains paralyzed longer than expected after succinylcholine. Which gene in the
pharmacogenomic table is associated with this response?

A. BCHE

B. FMR1

C. CFTR

D. PAH

E. DMD

Original table 98.3  |  Nelson printed p. 754  |  PDF p. 800

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 2
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	•	 �Gathering information from hospital records about the affected in-
dividual and, in some cases, about other family members.

	•	 �Documenting prenatal, pregnancy, and delivery histories.
	•	 �Reviewing the latest available medical, laboratory, and genetic infor-

mation concerning the disorder.
	•	 �Reviewing a careful physical examination of the affected individual 

(photographs, measurements) and of apparently unaffected individ-
uals in the family (typically performed by a physician rather than a 
genetic counselor).

	•	 �Reviewing genetic testing and screening options.
	•	 �Establishing or confirming the diagnosis by the diagnostic tests 

available.
	•	 �Providing psychosocial support to the individual and family 

throughout the diagnostic process.
	•	 �Giving the family information about support groups and local and 

national resources.
	•	 �Providing new information to the family as it becomes available (a 

mechanism for updating needs to be established).

Genetic counseling sessions often include anticipatory guidance 
regarding the occurrence or risk of occurrence of a specific condition, 
knowledge of the diagnosis of the particular condition, natural history 
of the condition, genetic aspects of the condition, risk of recurrence, 
prenatal diagnosis and reproductive options, therapies and referrals, 
and provision of support resources.

The Diagnostic Process
If a specific diagnosis is made and confirmed, this should be discussed 
with the family and information provided in writing. Often, however, 
the disorder fits into a spectrum (e.g., one of many types of arthrogry-
posis) or the diagnosis is clinical rather than confirmed with molecular 
testing. In these situations, the family needs to understand the limits 
of the diagnostic process and present knowledge, and that additional 
research will probably lead to better information in the future.

Although it is not always possible to make an exact diagnosis, having 
a diagnosis as accurate as possible is important. Estimates of recurrence 
risk for various family members depend on an accurate diagnosis that 

Table 98.3    � Examples of Effects of Gene Polymorphisms on Drug Response

GENE ENZYME/TARGET DRUG CLINICAL RESPONSE

BCHE Butyrylcholinesterase Succinylcholine Prolonged paralysis

CYP2C9 Cytochrome P450 2C9 Warfarin Individuals having ≥1 reduced function alleles require 
lower doses of warfarin for optimal anticoagulation, 
especially initial anticoagulant control.

CYP2C19 Cytochrome P450 2C19 Clopidogrel Individuals having ≥1 loss-of-function alleles have 
reduced capacity to form pharmacologically active 
metabolite of clopidogrel and reduced antiplatelet 
effect.

CYP2D6 Cytochrome P450 2D6 Codeine Poor metabolizers (individuals with two loss-of-
function alleles) do not metabolize codeine to 
morphine and thus experience no analgesic effect.

Ultrarapid metabolizers (individuals with ≥3 functional 
alleles) may experience morphine toxicity.

G6PD Glucose-6-phosphate dehydrogenase Primaquine (others) Hemolysis

HLA-A*3101 Human leukocyte antigen A31 Carbamazepine Carriers of HLA-A*3101 allele have increased risk of 
SJS and TEN from carbamazepine.

HLA-B*1502 Human leukocyte antigen B15 Allopurinol Han Chinese carriers of HLA-B*1502 allele have 
increased risk of SJS and TEN from carbamazepine.

HLA-B*5701 Human leukocyte antigen B57 Abacavir
Flucloxacillin

Carriers of HLA-B*5701 allele have increased risk 
of hypersensitivity reactions to abacavir- and 
flucloxacillin-induced liver injury.

HLA-B*5801 Human leukocyte antigen B58 Allopurinol Carriers of HLA-B*5801 allele have increased risk of 
severe cutaneous adverse reactions to allopurinol, 
including hypersensitivity reactions, SJS, and TEN.

NAT2 N-Acetyltransferase 2 Isoniazid, hydralazine Individuals homozygous for “slow acetylation” 
polymorphisms are more susceptible to isoniazid 
toxicity, or hydralazine-induced systemic lupus 
erythematosus.

SLCO1B1 Organic anion–transporting protein (OATP) 
1B1

Simvastatin Carriers of the SLCO1B1*5 allele are at increased risk 
for musculoskeletal side effects from simvastatin.

TPMT Thiopurine S-methyltransferase Azathioprine
6-Mercaptopurine

Individuals homozygous for an inactivating 
pathogenic variant have severe toxicity if 
treated with standard doses of azathioprine or 
6-mercaptopurine; rapid metabolism causes 
undertreatment.

UGT1A1 Uridine diphospho-glucuronosyltransferase 
1A1

Irinotecan UGT1A1*28 allele is associated with decreased 
glucuronidation of SN-38, the active metabolite of 
irinotecan, and increased risk of neutropenia.

VKORC1 Vitamin K oxidoreductase complex 1 Warfarin Individuals with a haplotype associated with reduced 
expression of VKORC1 protein (therapeutic target 
of warfarin) require lower doses of the drug for 
stable anticoagulation.

SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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A couple with consanguinity previously had a child with an unexplained metabolic disorder.
Which referral is specifically supported by the table?

A. Genetic counseling

B. Only routine dental assessment

C. Only a vision check

D. No additional family assessment

E. An automatic diagnosis without testing

Original table 98.4  |  Nelson printed p. 756  |  PDF p. 802

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 3
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Therapies and Referral
Some genetic disorders require the care of multiple specialists. Many 
genetic conditions have diagnosis and management guidelines to aid 
in the treatment and management of these complex patients. Preven-
tion of known complications is a priority, so close follow-up with the 
necessary specialists involved in the child’s care is essential to identify 
any potentially concerning issues early. The psychologic adjustment of 
the family might also require specific intervention. Some challenges 
may involve when to discuss the diagnosis of a chronic disease with the 
patient, siblings, and other family members or friends. The decision 
to do so should always involve the parents and an assessment of the 
maturity and capacity of the child or adolescent.

Alternative medicines or nontraditional therapies are often brought 
to attention by parents after exhaustive internet searches. Such treat-
ments should not necessarily be dismissed since the physician and 
genetic counselor should serve as an important resource for helping 
parents navigate the maze of nonstandard treatments. Instead, the 
relative merits of treatments should be framed in the context of cost 
and benefit, scientific rationale, evidence from controlled and observa-
tional studies, the placebo effect, safety of the treatment, and the gaps 
in our own scientific knowledge base. 

Support Groups
A large number of community and online lay disease–specific sup-
port groups have been formed to provide information and to fund 
research on specific genetic and nongenetic conditions. An important 
part of genetic counseling is to give information about these groups to 
patients and to suggest a contact person for the families. Many groups 
have established websites and social media platforms with very helpful 
information. With the rise of social media and its ability to connect 

families with rare syndromes from around the world, it is important to 
stress to families that their individual disease course will be unique and 
significant biases of reporting occur on such platforms. This should be 
balanced by the benefit of sharing potential important natural history 
elements of the underlying rare disease. 

Follow-Up
Families should be encouraged to continue to ask questions and keep 
up with new information about the specific disorder. New develop-
ments often influence the diagnosis and therapy of specific genetic 
disorders. 

Nondirective Counseling
Genetic counseling is usually nondirective; choices about reproduction 
are left to the family to decide what is right for them. The role of the 
counselor (physician, genetic counselor, nurse, medical geneticist) is to 
provide information in understandable terms and outline the range of 
options available.

98.2 � Principles of Management and  
Treatment of Genetic Disorders

Brendan Lee and Nicola Brunetti-Pierri

TREATMENT OF GENETIC DISEASES
Genetic conditions are often chronic disorders. Some are amenable 
to curative therapies, although there has been a rapid increase in the 
number of treatable disorders. Based on ongoing preclinical and clini-
cal investigations, new therapies for a growing number of diseases are 
expected to become available in the near future. Surgical management 
is available for many conditions that are associated with congenital 
anomalies or predisposition to tumors. All patients and families should 
be provided information about the disorder, genetic counseling, antici-
patory guidance, and appropriate medical surveillance.

Resources for patients include the National Organization of Rare Disor-
ders (www.rarediseases.org), the Genetic Alliance (www.geneticalliance. 
org), the National Library of Medicine (www.nlm.nih.gov/medlineplus/
geneticdisorders.html), and a large number of disease-specific websites. 
A current listing of federally and privately funded clinical trials, includ-
ing many for genetic diseases, is available at www.ClinicalTrials.gov.

Specific medical therapies for genetic disorders can be classified into 
physiologic and replacement therapies. Another approach to correct 
protein misfolding induced by missense pathogenic variants is through 
use of small molecules that specifically bind to mutant proteins, stabiliz-
ing their conformation, thereby preventing early degradation, and allow-
ing proper cellular trafficking and localization. This strategy has found 
successful applications for therapy of cystic fibrosis caused by specific 
CFTR pathogenic variants, including the F508del (see Chapter 454). 

PHYSIOLOGIC THERAPIES
Physiologic therapies attempt to ameliorate the phenotype of a genetic 
disorder by modifying the physiology of the affected individual. The 
underlying defect itself is not altered by treatment. Physiologic therapies 
are used in the treatment of inborn errors of metabolism (see Chapter 
104). These include dietary manipulations, such as reducing phenylala-
nine intake by persons with phenylketonuria, coenzyme supplementa-
tion for some patients with methylmalonic acidemia and mitochondrial 
diseases, stimulation of alternative pathways to excrete ammonia for 
those with urea cycle disorders, phototherapy to increase excretion of 
neurotoxic unconjugated bilirubin in Crigler-Najjar syndrome, bisphos-
phonate treatment for those with osteogenesis imperfecta to reduce bone 
fractures, and avoiding cigarette smoking by persons with α1-antitrypsin 
deficiency or specific foods and drugs by persons with glucose-6-
phosphate dehydrogenase deficiency or acute intermittent porphyria. 
Physiologic treatments can be highly effective, but they usually need to 
be maintained for a lifetime because they do not affect the underlying 
genetic disorder. Many of these treatments are most effective early in life 

Table 98.4    � Indications for Genetic Counseling

Advanced parental age
	•	 �Maternal age ≥35 years
	•	 �Paternal age ≥40 years
Previous child with or family history of:
	•	 �Congenital abnormality
	•	 �Dysmorphology
	•	 �Intellectual disability
	•	 �Isolated birth defect
	•	 �Metabolic disorder
	•	 �Chromosome abnormality
	•	 �Single-gene disorder
Adult-onset genetic disease (presymptomatic testing)
	•	 �Cancer
	•	 �Huntington disease
Pharmacogenomics
Consanguinity
Teratogen exposure (occupational, abuse)
Repeated pregnancy loss or infertility
Pregnancy screening abnormality
	•	 �Maternal serum α-fetoprotein
Maternal first-trimester screen
	•	 �Maternal triple or quad screen or variant of this test
	•	 �Fetal ultrasonography
Noninvasive prenatal testing (NIPT)
	•	 �Fetal karyotype
Heterozygote screening based on ethnic risk
	•	 �Sickle cell anemia
	•	 �Tay-Sachs, Canavan, and Gaucher diseases
	•	 �Thalassemias
Universal carrier screening panels
Follow-up to abnormal neonatal genetic testing
Prior to whole genome or exome sequencing
Prior to preimplantation genetic testing
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A child's karyotype is reported as 46,XY,del(5p). What does the abbreviation del signify?

A. Deletion

B. Duplication

C. Inversion

D. Translocation

E. Triploidy
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Table 99.2    � Some Abbreviations Used for Description of Chromosomes and Their Abnormalities

ABBREVIATION MEANING EXAMPLE CONDITION

XX Female 46,XX Normal female karyotype

XY Male 46,XY Normal male karyotype

[##] Number [#] of cells 46,XY[12]/47,XXY[10] Number of cells in each clone, typically inside brackets
Mosaicism in Klinefelter syndrome with 12 normal cells 

and 10 cells with an extra X chromosome

cen Centromere

del Deletion 46,XY,del(5p) Male with deletion of chromosome 5 short arm

der Derivative 46,XX,der(2),t(2p12;7q13) Female with a structurally rearranged chromosome 
2 that resulted from a translocation between 
chromosomes 2 (short arm) and 7 (long arm)

dup Duplication 46,XY,dup(15)(q11-q13) Male with interstitial duplication in the long arm 
of chromosome 15 in the Prader-Willi/Angelman 
syndrome region

ins Insertion 46,XY,ins(3)(p13q21q26) Male with an insertion within chromosome 3
A piece between q21 and q26 has reinserted on p13

inv Inversion 46,XY,inv(2)(p21q31) Male with pericentric inversion of chromosome 2 with 
breakpoints at bands p21 and q31

ish Metaphase FISH 46,XX.ish del(7)(q11.23q11.23) Female with deletion in the Williams syndrome region 
detected by in situ hybridization

nuc ish Interphase FISH nuc ish(DXZ1 × 3) Interphase in situ hybridization showing three signals for 
the X chromosome centromeric region

mar Marker 47,XY,+mar Male with extra, unidentified chromosome material

mos Mosaic mos 45,X[14]/46,XX[16] Turner syndrome mosaicism (analysis of 30 cells showed 
that 14 cells were 45,X and 16 cells were 46,XX)

p Short arm 46,XY,del(5)(p12) Male with a deletion on the short arm of chromosome 5, 
band p12 (short nomenclature)

q Long arm 46,XY,del(5)(q14) Male with a deletion on the long arm of chromosome 5, 
band 14

r Ring chromosome 46,X,r(X)(p21q27) Female with one normal X chromosome and a ring X 
chromosome

t Translocation t(2;8)(q33;q24.1) Interchange of material between chromosomes 2 and 8 
with breakpoints at bands 2q33 and 8q24.1

ter Terminal 46,XY,del(5)(p12-pter) Male with a deletion of chromosome 5 between p12 and 
the end of the short arm (long nomenclature)

/ Slash 45,X/46,XY Separate lines or clones
Mosaicism for monosomy X and a male cell line

+ Gain of 47,XX,+21 Female with trisomy 21

− Loss of 45,XY,−21 Male with monosomy 21

FISH, Fluorescence in situ hybridization.

99.2  Abnormalities of Chromosome Number
Carlos A. Bacino and Brendan Lee

ANEUPLOIDY AND POLYPLOIDY
Typical human cells contain 46 chromosomes, which is a multiple of 23 
chromosomes. Haploid cells contain 23 chromosomes (n=23, typically 
in the ovum or sperm). If a cell’s chromosomes are an exact multiple of 
23 (46, 69, 92 in humans), those cells are referred to as euploid. Poly-
ploid cells are euploid cells with more than the normal diploid num-
ber of 46 (2n) chromosomes, such as 3n, 4n. Polyploid conceptions 
are usually not viable, but the presence of mosaicism with a karyotypi-
cally normal cell line can allow survival. Mosaicism is an abnormality 
defined as the presence of two or more different cell lines in a single 

individual. Polyploidy is a common abnormality seen in first-trimester 
pregnancy losses.

Triploid cells are those with three haploid sets of chromosomes 
(3n) and are only viable in a mosaic form. Nonmosaic triploid 
infants can be liveborn but typically die shortly after birth. Trip-
loidy is often the result of fertilization of an egg by two sperm 
(dispermy). Failure of one of the meiotic divisions, resulting in a 
diploid egg or sperm, can also result in triploidy. The phenotype of 
a triploid conception depends on the origin of the extra chromo-
some set. If the extra set is of paternal origin, it results in a partial 
hydatidiform mole (excessive placental growth) with poor embry-
onic development, but triploid conceptions that have an extra set of 
maternal chromosomes result in severe embryonic restriction with 
a small, fibrotic placenta (insufficient placental development) that 
is typically spontaneously aborted.
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A newborn has midline cleft lip, polydactyly, and holoprosencephaly. Which chromosomal
trisomy from the comparison table best fits?

A. Trisomy 13

B. Trisomy 18

C. Trisomy 21

D. Trisomy X

E. Turner syndrome
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Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 5
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Abnormal cells that do not contain a multiple of haploid number 
of chromosomes are termed aneuploid cells. Aneuploidy is the most 
common and clinically significant type of human chromosome abnor-
mality, occurring in at least 3–4% of all clinically recognized pregnan-
cies. Monosomies occur when only one, instead of the normal pair 
(two), of a given chromosome is present in an otherwise diploid cell. 
In humans, most autosomal monosomies appear to be lethal early in 
development, and survival is possible in mosaic forms or by means of 
chromosome rescue (restoration of the normal number by duplication 
of single monosomic chromosome, also known as monosomy rescue). 
An exception to this rule is monosomy for the X chromosome (45,X), 
seen in Turner syndrome; nonetheless, the majority of 45,X concep-
tuses are believed to be lost early in pregnancy for as yet unexplained 
reasons.

The most common cause of aneuploidy is nondisjunction, the fail-
ure of chromosomes to disjoin normally during meiosis (see Fig. 99.1). 
Nondisjunction can occur during meiosis I or II or during mitosis, 
although maternal meiosis I is the most common nondisjunction in 
aneuploidies (e.g., Down syndrome, trisomy 18). After meiotic nondis-
junction, the resulting gamete either lacks a chromosome or has two 
copies instead of one normal copy, resulting in a monosomic or triso-
mic zygote, respectively.

Trisomy is characterized by the presence of three chromosomes, 
instead of the normal pair (two), of any particular chromosome. Tri-
somy is the most common form of aneuploidy. Trisomy can occur in 
all cells, or it may be mosaic. Most individuals with a trisomy exhibit 
a consistent and specific phenotype depending on the chromosome 
involved.

FISH is a technique that can be used for rapid diagnosis in the 
prenatal detection of common fetal aneuploidies, including chromo-
somes 13, 18, and 21, as well as sex chromosomes (see Fig. 99.4C and 
D). Direct detection of cell-free fetal DNA (trophoblastic or placental 
origin) in maternal plasma for fetal trisomy detection is a safe and 
highly effective screening test for fetal aneuploidy. The most com-
mon numerical abnormalities in liveborn children include trisomy 21 
(Down syndrome) (see Chapter 57); trisomy 18 (Edwards syndrome); 
trisomy 13 (Patau syndrome); and sex chromosomal aneuploidies, 
such as Turner syndrome (usually 45,X), Klinefelter syndrome 
(47,XXY), 47,XXX, and 47,XYY. By far the most common type of 
trisomy in liveborn infants is trisomy 21 (47,XX,+21 or 47,XY,+21) 
(see Table 99.1). Trisomy 18 and trisomy 13 are relatively less com-
mon and are associated with a characteristic set of congenital anom-
alies and severe intellectual disability (Table 99.3). The occurrence 

of trisomy 21 and other trisomies increases with advanced maternal 
age (≥35 years). Because of this increased risk, women who are ≥35 
years old at delivery should be offered genetic counseling and prena-
tal diagnosis (including serum screening, ultrasonography, and cell-
free DNA detection, amniocentesis, or chorionic villus sampling; see 
Chapter 117).

99.3 � Abnormalities of Chromosome  
Structure
Carlos A. Bacino and Brendan Lee

TRANSLOCATIONS
Translocations, which involve the transfer of material from one 
chromosome to another, occur with a frequency of 1 in 500 live-
born human infants. They may be inherited from a carrier parent 
or appear de novo, with no other affected family member. Translo-
cations are usually reciprocal or Robertsonian, involving two chro-
mosomes (Fig. 99.8).

Reciprocal translocations are the result of breaks in nonhomolo-
gous chromosomes, with reciprocal exchange of the broken segments. 
Carriers of a reciprocal translocation are usually phenotypically nor-
mal but are at an increased risk for miscarriage caused by transmission 
of unbalanced reciprocal translocations and for bearing chromosom-
ally abnormal offspring. Unbalanced translocations are the result of 
abnormalities in the segregation or crossover of the translocation car-
rier chromosomes in the germ cells.

Robertsonian translocations involve two acrocentric chromo-
somes (chromosomes 13, 14, 15, 21, and 22) that fuse near the cen-
tromeric region with a subsequent loss of the short arms. Because 
the short arms of all five pairs of acrocentric chromosomes have 
multiple copies of genes encoding for ribosomal RNA, loss of the 
short arms of acrocentric chromosomes has no deleterious effect. 
The resulting karyotype has only 45 chromosomes, including the 
translocated chromosome, which consists of the long arms of the 
two fused chromosomes. Carriers of Robertsonian translocations 
are usually phenotypically normal. However, they are at increased 
risk for miscarriage and unbalanced translocations in phenotypi-
cally abnormal offspring.

In some rare instances, translocations can involve three or more 
chromosomes, as seen in complex rearrangements. Another less 

Table 99.3    � Chromosomal Trisomies and Their Clinical Findings*

SYNDROME INCIDENCE CLINICAL MANIFESTATIONS

Trisomy 13, Patau 
syndrome

1/10,000 births Cleft lip often midline; flexed fingers with postaxial polydactyly; ocular hypotelorism, 
bulbous nose; low-set, malformed ears; microcephaly; cerebral malformation, especially 
holoprosencephaly; microphthalmia, cardiac malformations; scalp defects; hypoplastic or 
absent ribs; visceral and genital anomalies

Early lethality in most cases, with a median survival of 12 days; ∼80% die by 1 year; 10-year 
survival ∼13%; survivors have significant neurodevelopmental delay

Trisomy 18, Edwards 
syndrome

1/6,000 births Low birthweight, closed fists with index finger overlapping the third digit and the fifth digit 
overlapping the fourth, narrow hips with limited abduction, short sternum, rocker-bottom 
feet, microcephaly, prominent occiput, micrognathia, cardiac and renal malformations,  
intellectual disability

∼88% of children die in the first year; 10-year survival ∼10%; survivors have significant  
neurodevelopmental delay

Trisomy 8, mosaicism 1/20,000 births Long face; high, prominent forehead; wide, upturned nose; thick, everted lower lip;  
microretrognathia; low-set ears; high-arched, sometimes cleft, palate; osteoarticular anomalies  
common (camptodactyly of second through fifth digits, small patella); deep plantar and 
palmar creases; moderate intellectual disability

*For trisomy 21, see Chapter 57.
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A child has a 4p deletion, marked growth delay, and a characteristic “Greek helmet” facial
appearance. Which syndrome is listed?

A. Wolf-Hirschhorn syndrome

B. Williams syndrome

C. Prader-Willi syndrome

D. Angelman syndrome

E. Klinefelter syndrome

Original table 99.4  |  Nelson printed p. 767  |  PDF p. 813
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Fig. 99.8  A, Schematic diagram (left) and partial G-banded karyotype 
(right) of a reciprocal translocation between chromosome two (blue) 
and chromosome eight (pink). The breakpoints are on the long (q) arm 
of both chromosomes at bands 2q33 and 8q24.1, with the reciprocal 
exchange of material between the derivative (der) chromosomes 2 and 
8. This translocation is balanced, with no net gain or loss of material. 
The nomenclature for this exchange is t(2;8)(q33:q24.1). B, Schematic 
diagram (left) and partial G-banded karyotype (right) of a Robertsonian 
translocation between chromosomes 13 (blue) and 14 (pink). The break-
points are at the centromere (band q10) of both chromosomes, with 
fusion of the long arms into a single derivative chromosome and loss 
of the short (p) arm material. The nomenclature for this exchange is 
der(13;14)(q10;q10).

Table 99.4    � Common Deletions and Their Clinical 
Manifestations

DELETION CLINICAL ABNORMALITIES

4p– Wolf-Hirschhorn syndrome. The main features are a 
typical “Greek helmet” facies secondary to ocular 
hypertelorism, prominent glabella, frontal bossing, 
microcephaly, dolichocephaly, hypoplasia of the 
orbits, ptosis, strabismus, nystagmus, bilateral  
epicanthic folds, cleft lip and palate, beaked nose 
with prominent bridge, hypospadias, cardiac  
malformations, and intellectual disability.

5p– Cri du chat syndrome. The main features are  
hypotonia, short stature, characteristic shrill cry 
in the first few weeks of life (also called cat’s cry 
syndrome), microcephaly with protruding metopic 
suture, hypertelorism, bilateral epicanthic folds, 
high arched palate, wide and flat nasal bridge, and  
intellectual disability.

9p– The main features are craniofacial dysmorphic features 
with trigonocephaly, slanted palpebral fissures, discrete 
exophthalmos secondary to supraorbital hypoplasia, 
arched eyebrows, flat and wide nasal bridge, short 
neck with low hairline, genital anomalies, long 
fingers and toes with extra flexion creases, cardiac 
malformations, and intellectual disability.

13q– The main features are low birthweight, failure to 
thrive, microcephaly, and severe intellectual disability. 
Facial features include high, wide nasal bridge; 
hypertelorism; ptosis; and micrognathia. Ocular 
malformations are common (retinoblastoma). The 
hands have hypoplastic or absent thumbs and 
syndactyly.

18p– A few patients (15%) are severely affected and 
have cephalic and ocular malformations: 
holoprosencephaly, cleft lip and palate, ptosis, 
epicanthal folds, and varying degrees of intellectual 
disability. Most (80%) have only minor malformations 
and mild intellectual disability.

18q– The main features are growth deficiency and  
hypotonia with a “froglike” position with the legs 
flexed, externally rotated, and in hyperabduction. 
The face is characteristic, with depressed midface 
and apparent protrusion of the mandible, deep-set 
eyes, short upper lip, and everted lower lip  
(“carplike” mouth); antihelix of the ears is very 
prominent. Varying degrees of intellectual disability 
and belligerent personality are present. Myelination 
abnormalities occur in the central nervous system.

common type is the insertional translocation. Insertional transloca-
tions result from a piece of chromosome material that breaks away and 
later is reinserted within the same chromosome at a different site or 
inserted into another chromosome. 

INVERSIONS
An inversion requires that a single chromosome breaks at two points; 
the broken piece is then inverted and joined into the same chromo-
some. Inversions occur in 1 in 100 live births. There are two types of 
inversions, pericentric and paracentric. In pericentric inversions the 
breaks are in the two opposite arms of the chromosome and include the 
centromere. They are usually discovered because they change the posi-
tion of the centromere. The breaks in paracentric inversions occur in 
only one arm. Carriers of inversions are usually phenotypically normal, 
but they are at increased risk for miscarriages, typically in paracen-
tric inversions, and chromosomally abnormal offspring in pericentric 
inversions. 

DELETIONS AND DUPLICATIONS
Deletions involve loss of chromosome material and, depending on 
their location, can be classified as terminal (at the end of chromo-
somes) or interstitial (within the arm of a chromosome). They may be 
isolated or may occur along with a duplication of another chromosome 
segment. The latter typically occurs in unbalanced reciprocal chromo-
somal translocation secondary to abnormal crossover or segregation in 
a translocation or inversion carrier.

A carrier of a deletion is monosomic for the genetic information of 
the missing segment. Deletions are usually associated with intellectual 
disability and malformations. The most commonly observed deletions 
in routine chromosome preparations include 1p−, 4p−, 5p−, 9p−, 
11p−, 13q−, 18p−, 18q−, and 21q− (Table 99.4 and Fig. 99.9), all distal 
or terminal deletions of the short or the long arms of chromosomes. 
Deletions may be observed in routine chromosome preparations, and 
deletions and translocations larger than 5-10 Mbp are usually visible 
microscopically.

High-resolution banding techniques, FISH, and molecular stud-
ies such as CMA can reveal deletions that are too small to be seen in 
ordinary or routine chromosome spreads (see Fig. 99.7). Microdele-
tions involve loss of small chromosome regions, the largest of which 
are detectable only with prophase chromosome studies and molecular 
methods. For submicroscopic deletions, the missing piece can only be 
detected using molecular methodologies such as DNA-based studies 
(e.g., CMA, FISH). The presence of extra genetic material from the 
same chromosome is referred to as duplication. Duplications can also 
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A child with developmental delay and autistic features has a 7q11.23 duplication. Which
category of genomic change in the table describes this finding?

A. Microduplication

B. Balanced reciprocal translocation

C. Monosomy X

D. Whole-chromosome trisomy 13

E. Mitochondrial point variant
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Table 99.5    � Microdeletion and Contiguous Gene Syndromes and Their Clinical Manifestations—cont’d

DELETION SYNDROME CLINICAL MANIFESTATIONS

15q11-q13  
(maternal)

Angelman Hypotonia, feeding difficulties, gastroesophageal reflux, fair hair and skin, midface 
hypoplasia, prognathism, seizures, tremors, ataxia, sleep disturbances, inappropriate 
laughter, poor or absent speech, severe intellectual disability

16p13.3 Rubinstein-Taybi Microcephaly, ptosis, beaked nose with low-lying philtrum, broad thumbs and large toes, 
intellectual disability

17p11.2 Smith-Magenis Brachycephaly, midfacial hypoplasia, prognathism, myopia, cleft palate, short stature, 
severe behavioral problems, intellectual disability

17p13.3 Miller-Dieker Microcephaly, lissencephaly, pachygyria, narrow forehead, hypoplastic male external 
genitals, growth restriction, seizures, profound intellectual disability

20p12 Alagille Bile duct paucity with cholestasis; heart defects, particularly pulmonary artery  
stenosis; ocular abnormalities (posterior embryotoxon); skeletal defects such  
as butterfly vertebrae; long nose

22q11.2 Velocardiofacial-DiGeorge Conotruncal cardiac anomalies, cleft palate, velopharyngeal incompetence, hypoplasia  
or agenesis of thymus and parathyroid glands, hypocalcemia, hypoplasia of auricle,  
learning disabilities, psychiatric disorders

22q13.3 deletion Hypotonia, developmental delay, normal or accelerated growth, severe expressive  
language deficits, autistic behavior

Xp21.2-p21.3 Duchenne muscular dystrophy, retinitis pigmentosa, adrenal hypoplasia, intellectual  
disability, glycerol kinase deficiency

Xp22.2-p22.3 Ichthyosis, Kallmann syndrome, intellectual disability, chondrodysplasia punctata

Xp22.3 MLS Microphthalmia, linear skin defects, poikiloderma, congenital heart defects, seizures, 
intellectual disability

Table 99.6    � Microduplications and Their Clinical Manifestations

DUPLICATION CHROMOSOME 
REGION DISEASE REGION CLINICAL FEATURES

1q21.1 Macrocephaly, DD, learning disabilities

3q29 Mild to moderate DD, ID, microcephaly

7q11.23 Williams syndrome DD and severe expressive language disorder, autistic features, subtle 
dysmorphisms

15q13.3 Prader-Willi/Angelman syndrome DD, ID, autistic features in duplications of maternal origin

15q24 Growth restriction, DD, microcephaly, digital anomalies, hypospadias, 
connective tissue abnormalities

16p11.2 FTT, severe DD, short stature, GH deficiency, dysmorphic features

17p11.2 Potocki-Lupski syndrome Hypotonia, cardiovascular anomalies, FTT, DD, verbal apraxia, autism, 
anxiety

17q21.31 Severe DD, microcephaly, short and broad digits, dysmorphic features

22q11.2 Velocardiofacial-DiGeorge  
syndrome

Cardiovascular defects, velopharyngeal insufficiency

Xq28 MECP2 gene (Rett syndrome) In males: infantile hypotonia, immune deficiency, dysmorphic features, 
DD, speech delay, autistic behavior, regression in childhood

DD, Developmental delay; FTT, failure to thrive; GH, growth hormone; ID, intellectual disability.
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An adolescent boy with tall stature and small testes has a karyotype of 47,XXY. Which
sex-chromosome disorder does the table identify?

A. Klinefelter syndrome

B. Turner syndrome

C. Trisomy X

D. XYY syndrome

E. Trisomy 18
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be sporadic or result from abnormal segregation in translocation or 
inversion carriers.

Microdeletions and microduplications usually involve regions that 
include several genes, so the affected individuals can have a distinc-
tive phenotype depending on the number of genes involved. When 
such a deletion involves more than a single gene, the condition is 
referred to as a contiguous gene deletion syndrome (Table 99.5). 
With the advent of chromosome microarray, a large number of 
microduplications, have been uncovered. Many of those microdu-
plication syndromes are the reciprocal duplications of the known 
deletions or microdeletion counterparts and have distinctive clinical 
features (Table 99.6).

Subtelomeric regions are often involved in chromosome rear-
rangements that cannot be visualized using routine cytogenetics. 
Telomeres, which are the distal ends of the chromosomes, are gene-
rich regions. The distal repetitive sequence structure of telomeres is 
essentially common to all chromosomes, but proximal to these are 
unique regions known as subtelomeres, which typically are involved 
in deletions and other chromosome rearrangements. Small subtelo-
meric deletions, duplications, or rearrangements (translocations, 
inversions) may be relatively common in children with nonspecific 
intellectual disability and minor anomalies. Subtelomeric rear-
rangements have been found in 3–7% of children with moderate to 
severe intellectual disability and 0.5% of those with mild intellectual 
disability and can be detected by CMA studies.

Pathogenic variants affecting telomere function and length have 
been associated with dyskeratosis congenita and other aplastic anemia 
syndromes, as well as pulmonary or hepatic fibrosis. Both the subtelo-
meric rearrangements and the microdeletion and microduplication 
syndromes are typically diagnosed by molecular techniques like CMA 
and multiple ligation-dependent probe amplification (MLPA) studies. 
CMA can detect 14–18% of abnormalities in patients who previously 
had normal cytogenetic studies. 

INSERTIONS
Insertions occur when a piece of a chromosome broken at two 
points is incorporated into a break of a chromosome in another 
location. A total of three breakpoints are then required, and they 
can occur between two or within one chromosome. A form of non-
reciprocal translocation, insertions are rare. Insertion carriers are 
at risk of having offspring with deletions or duplications of the 
inserted segment. 

ISOCHROMOSOMES
Isochromosomes consist of two copies of the same chromosome arm 
joined through a single centromere and forming mirror images of one 
another. The most commonly reported autosomal isochromosomes 
tend to involve chromosomes with small arms. Some of the more com-
mon chromosome arms involved in this formation include 5p, 8p, 9p, 
12p, 18p, and 18q. There is also a common isochromosome abnormal-
ity seen in long arm of the X chromosome and associated with Turner 
syndrome. Individuals who have one isochromosome X within 46 
chromosomes are monosomic for genes in the lost short arm and triso-
mic for the genes present in the long arm of the X chromosome. 

MARKER AND RING CHROMOSOMES
Marker chromosomes are rare and are usually chromosome frag-
ments that are too small to be identified by conventional cytogenet-
ics; they usually occur in addition to the normal complement of 46 
chromosomes. Most are sporadic (70%); mosaicism is often (50%) 
noted because of the mitotic instability of the marker chromosomes. 
The incidence in newborn infants is 1 in 3,300, and the incidence in 
persons with intellectual disability is 1 in 300. The associated phe-
notype ranges from normal to severely abnormal, depending on the 

amount of chromosome material and number of genes included in 
the fragment.

Ring chromosomes, which are found for all human chromosomes, 
are rare. A ring chromosome is formed when both ends of a chromo-
some are deleted and the ends are then joined to form a ring. Depend-
ing on the amount of chromosome material that is lacking or in excess 
(if the ring has duplicated chromosomal material), a patient with a ring 
chromosome can appear normal or can have different degrees of intel-
lectual disability and/or multiple congenital anomalies.

Marker and ring chromosomes can be found in the cells of solid 
tumors of children. Some of these markers can be the result of tumor-
specific rearrangements, such as translocations, deletions, and duplica-
tions, ultimately leading to gene fusions and tumor gene amplifications.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

99.4  Sex Chromosome Aneuploidy
Carlos A. Bacino and Brendan Lee

About 1 in 400 males and 1 in 650 females have some form of sex 
chromosome abnormality. Considered together, sex chromosome 
abnormalities are the most common chromosome abnormalities 
seen in liveborn infants, children, and adults. Sex chromosome 
abnormalities can be either structural or numerical and can be pres-
ent in all cells or in a mosaic form. Those affected with these abnor-
malities might have few or no physical or developmental problems 
(Table 99.7).

TURNER SYNDROME
Turner syndrome is a condition characterized by complete or partial 
monosomy of the X chromosome and defined by a combination of 
phenotypic features (see Table 99.7 and Table 99.8). Half the patients 
with Turner syndrome have a 45,X chromosome complement. The 
other half exhibit mosaicism and varied structural abnormalities of 
the X or Y chromosome. Maternal age is not a predisposing factor 
for children with 45,X. Turner syndrome occurs in approximately 1 

Table 99.7    � Sex Chromosome Abnormalities

DISORDER KARYOTYPE
APPROXIMATE 

INCIDENCE

Klinefelter syndrome 47,XXY 1/580 males

48,XXXY 1/50,000-1/80,000 
male birthsOther (48,XXYY; 

49,XXXYY; mosaics)

XYY syndrome 47,XYY 1/800-1,000 males

Other X or Y 
chromosome 
abnormalities

1/1,500 males

XX males 46,XX 1/20,000 males

Turner syndrome 45,X 1/2,500-1/5,000 
females

Variants and mosaics

Trisomy X 47,XXX 1/1,000 females

48,XXXX and 
49,XXXXX

Rare

Other X chromosome 
abnormalities

1/3,000 females

XY females 46,XY 1/20,000 females
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A girl with short stature, congenital lymphedema, and a wide chest is evaluated for Turner
syndrome. Which cardiovascular lesion in the table should be assessed?

A. Coarctation of the aorta

B. Tetralogy of Fallot in every case

C. Isolated coronary atherosclerosis

D. Primary pulmonary embolism

E. Tricuspid atresia as a defining requirement

Original table 99.8  |  Nelson printed p. 771  |  PDF p. 817

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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in 5,000 female live births. In 75% of patients, the lost sex chromo-
some is of paternal origin (whether an X or a Y). 45,X is one of the 
chromosome abnormalities most often associated with spontaneous 
pregnancy losses. It has been estimated that 95–99% of 45,X concep-
tions are miscarried.

Clinical findings in the newborns can include small size for ges-
tational age, webbing of the neck, protruding ears, and lymphedema 
of the hands and feet, although many newborns are phenotypically 
normal (Fig. 99.10). Older children and adults have short stature 
and exhibit variable dysmorphic features. Congenital heart defects 
(40%) and structural renal anomalies (60%) are common. The most 
common heart defects are bicuspid aortic valves, coarctation of the 
aorta, aortic stenosis, and mitral valve prolapse. The gonads are 
generally streaks of fibrous tissue (gonadal dysgenesis) (see Chap-
ter 626). There is primary amenorrhea and lack of secondary sex 
characteristics. These children should receive regular endocrino-
logic testing.

Patients with 45,X/46,XY mosaicism can have Turner syndrome, 
although this form of mosaicism can also be associated with male 
pseudohermaphroditism, male or female genitalia in association with 
mixed gonadal dysgenesis, or a normal male phenotype. This variant 
is estimated to represent approximately 6% of patients with mosaic 
Turner syndrome. Some of the patients with Turner syndrome pheno-
type and a Y cell line exhibit masculinization. Phenotypic females with 
45,X/46,XY mosaicism have a 15–30% risk of developing gonadoblas-
toma. The risk for the patients with a male phenotype and external 

testes is not so high, but tumor surveillance is nevertheless recom-
mended. The American Academy of Pediatrics (AAP) has recom-
mended the use of FISH analysis to look for Y chromosome mosaicism 
in all 45,X patients. If Y chromosome material is identified, laparo-
scopic gonadectomy is recommended.

Noonan syndrome (see Chapter 101.1) shares many clinical features 
with Turner syndrome and was formerly called pseudo-Turner syn-
drome, although it is an autosomal dominant disorder resulting from 
pathogenic variants in several genes involved in the RAS-MAPK path-
way. In contrast to Turner syndrome, Noonan syndrome affects both 
sexes and has a different pattern of congenital heart disease, typically 
involving right-sided heart lesions. 

KLINEFELTER SYNDROME
Persons with Klinefelter syndrome are phenotypically male. This 
syndrome is the most common cause of hypogonadism and infer-
tility in males and the most common sex chromosome aneuploidy 
in humans (see Chapter 623). Eighty percent of children with 
Klinefelter syndrome have a male karyotype with an extra chromo-
some X-47,XXY. The remaining 20% have multiple sex chromo-
some aneuploidies (48,XXXY; 48,XXYY; 49,XXXXY), mosaicism 
(46,XY/47,XXY), or structurally abnormal X chromosomes; the 
greater the aneuploidy, the more severe the mental impairment and 
dysmorphism. The prevalence of 47,XXY is 1 in 580 liveborn males. 
Errors in paternal nondisjunction in meiosis I account for ∼50% of 
the cases. 

47,XYY
The incidence of 47,XYY is approximately 1 in 800-1,000 males, with 
many cases remaining undiagnosed, because most affected individu-
als have a normal appearance and normal fertility. The extra Y is the 
result of nondisjunction at paternal meiosis II. Those with this abnor-
mality have normal intelligence but are at risk for learning disabilities. 
Behavioral abnormalities, including hyperactive behavior, pervasive 
developmental disorder, and aggressive behavior, have been reported. 
Early reports that assigned stigmata of criminality to this disorder have 
long been disproved.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

99.5  Mosaicism
Carlos A. Bacino and Brendan Lee

Mosaicism describes an individual or tissue that contains ≥2 geneti-
cally different cell lines typically derived from a single zygote. 
Genetic differences can result from mitotic nondisjunction (see Fig. 
99.1; Table 99.9) or sporadic variant. Study of placental tissue from 
chorionic villus samples collected at or before the 10th week of ges-
tation has shown that ≥2% of all conceptions are mosaic for a chro-
mosome abnormality. With the exception of chromosomes 13, 18, 
and 21, complete autosomal trisomies are usually nonviable, and the 
contribution of a normal cell line might allow these other trisomic 
conceptions to survive to term. Depending on the point at which 
the new cell line arises during early embryogenesis, mosaicism may 
be present in some tissues but not in others. Germline mosaicism, 
which refers to the presence of mosaicism in the germ cells of the 
gonad, may be associated with an increased risk for recurrence of 
an affected child if the germ cells are affected with a chromosomal 
abnormality or with a specific gene pathogenic variant.

PALLISTER-KILLIAN SYNDROME
Pallister-Killian syndrome is characterized by coarse facies (promi-
nent full cheeks), abnormal ear lobes, localized alopecia (sparse hair 

Table 99.8    � Signs Associated with Turner Syndrome

Short stature
Congenital lymphedema
Horseshoe kidneys
Patella dislocation
Increased carrying angle of elbow (cubitus valgus)
Madelung deformity (chondrodysplasia of distal radial epiphysis)
Congenital hip dislocation
Scoliosis
Widespread nipples
Shield chest
Redundant nuchal skin (in utero cystic hygroma)
Low posterior hairline
Coarctation of aorta
Bicuspid aortic valve
Cardiac conduction abnormalities
Hypoplastic left heart syndrome and other left-sided heart  

abnormalities
Gonadal dysgenesis (infertility, primary amenorrhea)
Gonadoblastoma (increased risk if Y chromosome material is  

present)
Learning disabilities (nonverbal perceptual motor and visuospatial 

skills) (in 70%)
Developmental delay (in 10%)
Social awkwardness
Hypothyroidism (acquired in 15–30%)
Type 2 diabetes mellitus (insulin resistance)
Strabismus
Cataracts
Red-green color blindness (as in males)
Recurrent otitis media
Sensorineural hearing loss
Inflammatory bowel disease
Celiac disease (increased incidence)
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A child has a radial-ray thumb anomaly, short stature, and progressive pancytopenia. Which
chromosome-instability syndrome matches the table?

A. Fanconi anemia

B. Turner syndrome

C. Prader-Willi syndrome

D. Noonan syndrome

E. Phenylketonuria

Original table 99.10  |  Nelson printed p. 774  |  PDF p. 820

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10
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Table 99.10    � Chromosome Instability Syndromes

SYNDROME LABORATORY FINDINGS AND GENES INVOLVED CLINICAL FINDINGS

Fanconi anemia (FA) Chromosome breakage induced by diepoxybutane and 
mitomycin C

There are least 21 FA genes, most are autosomal 
recessive, only one is X linked

Short stature, microcephaly in 1/3 of cases, radial ray 
defects including thumb anomalies, pancytopenia, 
skeletal anomalies, renal anomalies, café-au-lait 
macules, ear abnormalities and hearing loss

Ataxia telangiectasia Chromosome instability with rearrangements between 
chromosomes 7 and 14 in lymphocytes often involving 
the T-cell receptors in those chromosomes

Decreased IgA levels
Pathogenic variants in the ATM gene. Autosomal 

recessive

Progressive cerebellar ataxia with later development 
of conjunctival telangiectasias, choreoathetosis, 
and dystonia

Sinopulmonary infections
Predisposition to malignancies like B-cell 

lymphomas, T-cell leukemias and solid tumors

Nijmegen syndrome Translocations involving chromosomes 7 and 14 in up to 
50% of cells

Pathogenic variants in the NBN gene (autosomal 
recessive)

IUGR, short stature, progressive microcephaly, and 
intellectual disability, recurrent sinopulmonary 
infections

Susceptibility to malignancies before age 20 years 
like T- and B-cell lymphomas, medulloblastomas, 
gliomas, rhabdomyosarcoma

ICF (immunodeficiency, 
centromere instability, facial 
anomalies) syndrome, types 
I and II

Pericentromeric chromosomal instability on PHA-
stimulated metaphases in chromosomes 1, 9, and 16

Decrease of IgG and IgE in type I, IgM and IgE in type II
Low T cells, like NK cells.
Pathogenic variants in DNMT3B and ZBTB24 genes in 

types I and II, respectively
Autosomal recessive

Immunodeficiency, recurrent infections, intellectual 
disability, facial dysmorphic features

Roberts-SC phocomelia  
syndrome

Premature chromosome separation with chromatid/
centromere repulsion in prophase or early metaphase 
easily detected using C-banding

Pathogenic variants in ESCO2 gene
Autosomal recessive

Prenatal growth deficiency, absent or hypoplastic arms 
typically symmetric with reduction of digits’ length 
including thumbs that are usually more affected 
than lower extremities, bilateral cleft lip and palate, 
dysmorphic features, cardiac anomalies, renal 
anomalies, and intellectual disability

Bloom syndrome Marked chromosomal increase of sister chromatid 
exchange in the presence of BrdU and increased 
spontaneous chromosome breakage

Decreased IgG, IgA, IgM
Pathogenic variants in the RECQL3 gene. Autosomal 

recessive

Severe prenatal and postnatal growth deficiency, 
microcephaly (average intelligence), sensitivity to 
sunlight (butterfly distribution over the face), cafe-
au-lait macules, insulin resistance, predisposition 
to malignancies: lymphomas, leukemias, 
squamous cell carcinoma and solid tumors

Hypersensitivity to chemotherapy

Werner syndrome “Variegated translocation mosaicism”: chromosomal 
aberrations, including translocations, inversions, and 
deletions

Telomere loss
Pathogenic variants in RECQL2
Autosomal recessive

Short stature, premature aging appearance, and 
predisposition to malignancies

Loss and graying of hair, hoarseness, scleroderma-
like changes in the 20s

Cataracts, type II diabetes, osteoporosis, hypo
gonadism in the 30s

Neoplasms in >40% of cases including sarcomas, 
melanomas, and thyroid cancer

Myocardial infarction and malignancies are cause of 
early death

IUGR, Intrauterine growth restriction; PHA, phytohemagglutinin; NK, natural killer.

These findings suggest that there are differences in function of cer-
tain regions of chromosome 15, depending on whether it is inher-
ited from the mother or from the father. Angelman syndrome is 
caused by absent function of the maternal gene UBE3A and can be 
the result of maternal deletion, maternal UBE3A pathogenic vari-
ant, paternal UPD, and abnormalities in the maternal imprinting 
center on chromosome 15q11-13 region.

UPD most frequently arises when a pregnancy starts off as a 
trisomic conception followed by trisomy rescue. Because most 
trisomies are lethal, the fetus can only survive if a cell line loses 
one of the extra chromosomes to revert to the disomic state. One 
third of the time, the disomic cell line is uniparental. This is the 

typical mechanism for Prader-Willi syndrome, and it is often asso-
ciated with advanced maternal age. The embryo starts off as tri-
somy 15 secondary to maternal meiosis I nondisjunction, followed 
by random loss of the paternal chromosome. In this case the diso-
mic cell line becomes the more viable one and outgrows the triso-
mic cell line. When mosaic trisomy is found at prenatal diagnosis, 
care should be taken to determine whether UPD has resulted and 
whether the chromosome involved is one of the disomies known 
to be associated with phenotypic abnormalities (i.e., chromosome 
involved in UPD containing imprinted genes). There must always 
be concern that some residual cells that are trisomic are present 
in some tissues, leading to malformations or dysfunction. The 
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An infant has profound hypotonia and poor feeding, followed by hyperphagia and excessive
weight gain in early childhood. Which syndrome fits the diagnostic-features table?

A. Prader-Willi syndrome

B. Angelman syndrome

C. Klinefelter syndrome

D. Cystic fibrosis

E. Fragile X premutation only

Original table 99.11  |  Nelson printed p. 776  |  PDF p. 822

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11
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Fig. 99.13  In this hypothetical pedigree suggestive of imprinting, phenotypic effects occur only when the mutated gene is transmitted from the mother, 
but not when it is transmitted from the father, that is, maternal deficiency. Equal numbers of males and females can be affected and not affected phenotypi-
cally in each generation. A nonmanifesting transmitter gives a clue to the sex of the parent who passes the expressed genetic information; that is, in maternal 
deficiency disorders (also termed paternal imprinting), there are “skipped” nonmanifesting females. This is theoretical, because in most clinical scenarios of 
maternal deficiency, such as Angelman syndrome, affected persons do not reproduce.

Fig. 99.14  In theoretical pedigrees suggestive of paternal deficiency (maternal imprinting), phenotypic effects occur only when the mutated gene 
is transmitted from the father but not when transmitted from the mother. Equal numbers of males and females can be affected and not affected 
phenotypically in each generation. In a theoretical situation, a nonmanifesting transmitter gives a clue to the sex of the parent who passes on the 
expressed genetic information; that is, in paternal deficiency (also known as maternal imprinting), there are “skipped” nonmanifesting males. In 
real-life clinical cases of Prader-Willi syndrome, affected persons do not reproduce.

Table 99.11    � Consensus Diagnostic Criteria for Prader-Willi Syndrome

MAJOR CRITERIA (1 POINT EACH) MINOR CRITERIA (1/2 POINT EACH)

1 Neonatal/infantile hypotonia Decreased fetal movement and infantile lethargy

2 Feeding problems and failure to thrive as an infant Typical behavior problems

3 Weight gain at 1-6 years; obesity; hyperphagia Sleep apnea

4 Characteristic dysmorphic facial features Short stature for family by 15 years

5 Small genitalia; pubertal delay and insufficiency Hypopigmentation for the family

6 Developmental delay/intellectual disability Small hands and feet for height

7 Narrow hands, straight ulnar border

8 Esotropia, myopia

9 Thick, viscous saliva

10 Speech articulation defects

11 Skin picking

From Cassidy SB, Schwartz S, Miller JL, Driscoll DJ. Prader-Willi syndrome. Genet Med. 2012;14(1):15. Table 2.
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A young infant with Prader-Willi syndrome has hypotonia and struggles to feed, rather than
overeating. Which concept from the nutritional-phase table explains this?

A. Early nutritional phases feature poor feeding before later hyperphagia

B. Hyperphagia is obligatory immediately after birth

C. Poor feeding excludes the diagnosis

D. Prader-Willi syndrome never alters appetite

E. Only adults develop nutritional phases

Original table 99.12  |  Nelson printed p. 777  |  PDF p. 823

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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Table 99.12    � Nutritional Phases in Prader-Willi Syndrome

PHASE MEDIAN AGES CLINICAL CHARACTERISTICS

0 Prenatal to birth Decreased fetal movements and lower birthweight than siblings

1a 0-9 mo Hypotonia with difficulty feeding and decreased appetite

1b 9-25 mo Improved feeding and appetite and growing appropriately

2a 2.1-4.5 yr Weight increasing without appetite increase or excess calories

2b 4.5-8 yr Increased appetite and calories, but can feel full

3 8 yr to adulthood Hyperphagic, rarely feels full

4 Adulthood Appetite is no longer insatiable

Modified from Miller JL, Lynn CH, Driscoll DC, et al. Nutritional phases in Prader-Willi syndrome. Am J Med Genet A. 2011;155A:1040–1049.

Table 99.13    � Molecular Mechanisms Causing Prader-Willi and Angelman Syndromes

PRADER-WILLI SYNDROME ANGELMAN SYNDROME

15q11-q13 deletion ∼70% (paternal) ∼70% (maternal)

Uniparental disomy ∼30% (maternal) ∼5% (paternal)

Single-gene pathogenic variants None detected UBE3A gene encoding the E6-AP ubiquitin-protein  
ligase (11% of total but mostly in familial cases)

Imprinting center pathogenic variants 5% 1%

Unidentified <1% 10–15%

Data from Nicholls RD, Knepper JL. Genome organization, function and imprinting in Prader-Willi and Angelman syndromes. Annu Rev Genomics Hum Genet. 2001;2:153–175; and 
Horsthemke B, Buiting K. Imprinting defects on human chromosome 15. Cytogenet Genome Res. 2006;113:292–299.

presence of aggregates of trisomic cells might account for the spec-
trum of abnormalities seen in persons with some UPDs. 

IMPRINTING
Genomic imprinting occurs when the phenotypic expression of a 
gene depends on the parent of origin for certain genes or chromosome 
regions. Whether the genetic material is expressed or not depends on 
the sex of the parent from whom it was derived. Genomic imprinting 
can be suspected in some cases on the basis of a pedigree. In these pedi-
grees the disease is always transmitted from the same sex and could 
be passed on silently for several generations by the opposite sex (Figs. 
99.13 and 99.14). Imprinting probably occurs in many different parts of 
the human genome and is thought to be particularly important in gene 
expression related to development, growth, cancer, and behavior; >60 
genes have been classified as imprintable. Imprinting disorders may 
arise from UPD, deletions or duplications, epigenetic aberrant meth-
ylation patterns, or single nucleotide pathogenic variants in a specific 
gene.

A classic example of imprinting disorder is seen in Prader-Willi 
syndrome and Angelman syndrome, two very different clinical condi-
tions. These syndromes are both commonly caused by a deletion of the 

same region in the proximal long arm of chromosome 15. A deletion 
of the paternally derived chromosome causes Prader-Willi syndrome, 
in which the maternally derived copy is still intact, for which some of 
the imprinted genes within this region normally remain silent. Prader-
Willi syndrome can be diagnosed clinically (Table 99.11) and con-
firmed with genetic testing. Additional clinical features and issues of 
weight gain are noted in Table 99.12. The weight gain is difficult to con-
trol, but treatment with growth hormone has resulted in improvements 
in height, lean body mass, decreased adipose tissue, and improvement 
in cognitive function.

A maternal deletion of the same region as in Prader-Willi syndrome 
causes Angelman syndrome, leaving intact the paternal copy that in 
this case has genes that are also normally silent. In other situations, 
UPD can lead to the same diagnosis (Table 99.13). Many other disor-
ders are associated with this type of parent-of-origin effect, as in some 
cases of Beckwith-Wiedemann syndrome (see Chapter 598.1), Russell-
Silver syndrome, and neonatal diabetes.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.
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A child has a deletion at 15q11-q13 affecting the paternally inherited copy. Which syndrome is
associated with this parent-of-origin effect?

A. Prader-Willi syndrome

B. Angelman syndrome

C. Turner syndrome

D. Noonan syndrome

E. Trisomy 13

Original table 99.13  |  Nelson printed p. 777  |  PDF p. 823
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Table 99.12    � Nutritional Phases in Prader-Willi Syndrome

PHASE MEDIAN AGES CLINICAL CHARACTERISTICS

0 Prenatal to birth Decreased fetal movements and lower birthweight than siblings

1a 0-9 mo Hypotonia with difficulty feeding and decreased appetite

1b 9-25 mo Improved feeding and appetite and growing appropriately

2a 2.1-4.5 yr Weight increasing without appetite increase or excess calories

2b 4.5-8 yr Increased appetite and calories, but can feel full

3 8 yr to adulthood Hyperphagic, rarely feels full

4 Adulthood Appetite is no longer insatiable

Modified from Miller JL, Lynn CH, Driscoll DC, et al. Nutritional phases in Prader-Willi syndrome. Am J Med Genet A. 2011;155A:1040–1049.

Table 99.13    � Molecular Mechanisms Causing Prader-Willi and Angelman Syndromes

PRADER-WILLI SYNDROME ANGELMAN SYNDROME

15q11-q13 deletion ∼70% (paternal) ∼70% (maternal)

Uniparental disomy ∼30% (maternal) ∼5% (paternal)

Single-gene pathogenic variants None detected UBE3A gene encoding the E6-AP ubiquitin-protein  
ligase (11% of total but mostly in familial cases)

Imprinting center pathogenic variants 5% 1%

Unidentified <1% 10–15%

Data from Nicholls RD, Knepper JL. Genome organization, function and imprinting in Prader-Willi and Angelman syndromes. Annu Rev Genomics Hum Genet. 2001;2:153–175; and 
Horsthemke B, Buiting K. Imprinting defects on human chromosome 15. Cytogenet Genome Res. 2006;113:292–299.

presence of aggregates of trisomic cells might account for the spec-
trum of abnormalities seen in persons with some UPDs. 

IMPRINTING
Genomic imprinting occurs when the phenotypic expression of a 
gene depends on the parent of origin for certain genes or chromosome 
regions. Whether the genetic material is expressed or not depends on 
the sex of the parent from whom it was derived. Genomic imprinting 
can be suspected in some cases on the basis of a pedigree. In these pedi-
grees the disease is always transmitted from the same sex and could 
be passed on silently for several generations by the opposite sex (Figs. 
99.13 and 99.14). Imprinting probably occurs in many different parts of 
the human genome and is thought to be particularly important in gene 
expression related to development, growth, cancer, and behavior; >60 
genes have been classified as imprintable. Imprinting disorders may 
arise from UPD, deletions or duplications, epigenetic aberrant meth-
ylation patterns, or single nucleotide pathogenic variants in a specific 
gene.

A classic example of imprinting disorder is seen in Prader-Willi 
syndrome and Angelman syndrome, two very different clinical condi-
tions. These syndromes are both commonly caused by a deletion of the 

same region in the proximal long arm of chromosome 15. A deletion 
of the paternally derived chromosome causes Prader-Willi syndrome, 
in which the maternally derived copy is still intact, for which some of 
the imprinted genes within this region normally remain silent. Prader-
Willi syndrome can be diagnosed clinically (Table 99.11) and con-
firmed with genetic testing. Additional clinical features and issues of 
weight gain are noted in Table 99.12. The weight gain is difficult to con-
trol, but treatment with growth hormone has resulted in improvements 
in height, lean body mass, decreased adipose tissue, and improvement 
in cognitive function.

A maternal deletion of the same region as in Prader-Willi syndrome 
causes Angelman syndrome, leaving intact the paternal copy that in 
this case has genes that are also normally silent. In other situations, 
UPD can lead to the same diagnosis (Table 99.13). Many other disor-
ders are associated with this type of parent-of-origin effect, as in some 
cases of Beckwith-Wiedemann syndrome (see Chapter 598.1), Russell-
Silver syndrome, and neonatal diabetes.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.
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A child has micrognathia leading to posterior displacement of the tongue and a secondary cleft
palate. Which dysmorphology term in the table describes this chain of events?

A. Sequence

B. Association

C. Independent chromosomal trisomy

D. Simple isolated variant

E. Acquired neoplasm
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Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 14
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Dysmorphology is the study of differences in human form and the 
mechanisms that cause them. It has been estimated that 1 in 40 new-
borns, or 2.5%, have a recognizable birth defect or pattern of mal-
formations at birth; ∼50% of these newborns have a single, isolated 
malformation, whereas in the other half, multiple malformations are 
present. About 20–30% of infant deaths and 30–50% of deaths after 
the neonatal period are caused by congenital abnormalities (http://ww
w.marchofdimes.com/peristats/). In 2021, birth defects accounted for 
∼1 in 5 infant deaths in the United States, with a rate of 108.2 deaths 
per 100,000 live births, which was higher than other causes of mor-
tality, such as preterm/low birthweight (80.4/100,000), sudden infant 
death syndrome (39.8/100,000), maternal complications of pregnancy 
(33.4/100,000), and unintentional injury (33.5/100,000).

CLASSIFICATION OF BIRTH DEFECTS
Birth defects can be subdivided into isolated (single) defects or multiple 
defects, typically described as multiple congenital anomalies (MCAs). 
An isolated primary defect can be classified, according to the presumed 
cause of the defect, as a malformation, dysplasia, deformation, or dis-
ruption (Table 100.1 and Fig. 100.1). Most birth defects are malforma-
tions, a term used interchangeably with anomalies. A malformation is 
a structural defect arising from a localized error in morphogenesis that 
results in the abnormal formation of a tissue or organ. Dysplasia refers 
to the abnormal organization of cells into tissues. Malformations and 
dysplasias can both affect the intrinsic structure of tissues and organs. 
In contrast, a deformation is an alteration in the shape or form of a 
structure or organ that has previously developed or differentiated nor-
mally. A disruption is a defect resulting from the destruction of a struc-
ture that had formed normally before the insult.

Most human disorders with altered morphogenesis display multiple 
anomalies or malformations rather than an isolated birth defect. When 

several malformations coexist in a single individual, they can be classi-
fied as a syndrome, sequence, or an association. A syndrome is defined 
as a pattern comprising multiple anomalies that are related by patho-
physiology, resulting from a single, defined etiology. Sequences consist 
of multiple anomalies that are caused by a single event, although the 
sequence itself can have different etiologies. An association refers to 
a nonrandom grouping of anomalies in which there is an unclear, or 
unknown, relationship among the anomalies, such that they do not fit 
the criteria for a syndrome or sequence.

Malformations and Dysplasias
Human anomalies and dysplasias can be caused by pathogenic gene 
variants, chromosome aberrations and copy number variants, envi-
ronmental factors, or interactions between genetic and environ-
mental factors (Table 100.2). Some malformations are caused by 
deleterious sequence variants in single genes, whereas other anomalies 
arise because of deleterious sequence variants in multiple genes acting 
in combination, termed digenic or oligogenic inheritance. In the past, 
it was thought that malformations were caused by monogenic patho-
genic variants in 7.5% of patients; chromosomal anomalies in 6%; mul-
tigenic pathogenic variants in 20%; and known environmental factors, 
such as maternal diseases, infections, and teratogens, in 6–7% (Table 
100.3). In the remaining 60–70% of patients, malformations were clas-
sified as having an unknown etiology. Currently, the percentages have 
increased for all of the possible genetic etiologies of malformations 
due to improved cytogenetic and molecular genetic methods, includ-
ing microarrays and single nucleotide polymorphism (SNP) arrays 
for detecting copy number variants, and next-generation sequencing 
(NGS) technologies, such as exome or genome sequencing, for identi-
fying novel genes and pathogenic sequence variants.

Many developmental abnormalities caused by pathogenic 
sequence variants in a single gene display characteristic of mende-
lian patterns of inheritance such as autosomal dominant, autosomal 
recessive, and X-linked inheritance. Genes that cause birth defects 
or MCA syndromes are often transcription factors, part of evolu-
tionarily conserved signal transduction pathways, or regulatory 
proteins required for key developmental events (see Chapters 101 
and 102 and Table 100.2).

In addition, syndromes with MCA can be caused by chromosomal 
aberrations or copy number variants and teratogens (see Tables 100.2 
and 100.3). Down syndrome typically results from an extra copy 
of an entire chromosome 21 or, less frequently, an extra copy of the 
Down syndrome critical region on chromosome 21. Chromosome 21 
is a small chromosome that contains an estimated 250 genes, and thus 
individuals with Down syndrome typically have an increased dosage 

Chapter 100

Dysmorphology, 
Phenotyping, and 
Sequences
Anne M. Slavotinek

Table 100.1    � Mechanisms, Terminology, and Definitions of Dysmorphology

TERMINOLOGY DEFINITION EXAMPLE

Sequence Single error in morphogenesis that results 
in a series of subsequent defects

Pierre-Robin sequence, in which a small jaw results in glossoptosis and 
cleft palate

22q11 deletion sequence of primary fourth brachial arch and third and 
fourth pharyngeal pouch defects, leading to aplasia or hypoplasia of the 
thymus and parathyroid glands, aortic arch anomalies, and micrognathia

22q11 deletion Mechanical (uterine) force that alters 
structure of intrinsically normal tissue

Oligohydramnios produces deformations by in utero compression of 
limbs (e.g., dislocated hips, equinovarus foot deformity), crumpled ears, 
or small thorax

Disruption sequence In utero tissue destruction after a period 
of normal morphogenesis

Amnionic membrane rupture sequence, leading to amputation of fingers/
toes, tissue fibrosis, and tissue bands

Dysplasia sequence Atypical organization of cells into tissues 
or organs

Neurocutaneous melanosis sequence, with atypical migration of 
melanocyte precursor cells from the neural crest to the periphery, 
manifesting as melanocytic hamartomas of skin and meninges

Malformation syndrome Appearance of multiple malformations 
in unrelated tissues that have a known, 
unifying cause

Trisomy 21
Teratogens
Numerous multiple congenital anomaly syndromes as described above

From Kliegman RM, Greenbaum LA, Lye PS, eds. Practical Strategies in Pediatric Diagnosis and Therapy, 2nd ed. Philadelphia: Elsevier; 2004.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 224 / 300

224



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 15 / 30

A child has abnormal vertebral and rib segmentation due to a pathogenic variant involving
DLL3. Which listed disorder best fits?

A. Spondylocostal dysostosis

B. Turner syndrome

C. Prader-Willi syndrome

D. Cystic fibrosis

E. Fanconi anemia

Original table 100.2  |  Nelson printed p. 780  |  PDF p. 826
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anal atresia, tracheoesophageal fistula (TEF) with esophageal atresia, 
radial anomalies, and renal dysplasia. The association was expanded to 
include cardiac anomalies (C) and limb anomalies (L), leading to the 
longer acronym, VACTERL. Although there are still no definitively 
established diagnostic criteria, most clinicians consider that a mini-
mum of three of the seven component features must be present for the 
diagnosis. In addition, the designation of VATER/VACTERL associa-
tion is typically one of exclusion; growth and developmental delays as 
well as facial anomalies are atypical and should prompt the consider-
ation of alternative diagnoses. Anorectal defects and TEF are consid-
ered more characteristic of VATER/VACTERL association than some 
of the other components, such as cardiac anomalies. A single umbili-
cal artery is a common finding. The estimated incidence of VATER/
VACTERL has ranged from 1 in 10,000 to 1 in 40,000 infants. VAC-
TERL with hydrocephalus, also known as VACTERL-H, is a separate 
condition.

VATER/VACTERL association has so far defied the identification of 
a simple mendelian etiology. Many cases are sporadic, although there 
are rare reports of familial inheritance and first-degree relatives with 
clinical findings in the component systems of VATER/VACTERL asso-
ciation. Hedgehog signaling has been postulated to be important, as 

mouse models with defective Hedgehog and/or ciliary signaling mani-
fest the clinical findings observed in VATER/VACTERL. However, 
cytogenetic studies have not demonstrated chromosome aberrations or 
copy number variants. Exome sequencing (ES) has not identified a sin-
gle causative gene or gene family, although nonrecurrent variants have 
been described in mendelian disease genes, most typically in patients 
with renal involvement. Clinical overlap has led to the identification of 
pathogenic variants in the SALL1, SALL4, and MID1 genes in patients 
with anorectal malformations.

Pathogenic variants in several autosomal recessive genes in the 
kynurenine pathway, including KYNU, HAAO, and NADSYN1, 
have been associated with a spectrum of anomalies that overlap 
with VATER/VACTERL association, including vertebral defects, 
cardiac anomalies, renal malformations, and limb defects of vari-
able severity. Biallelic variants in these genes perturb the synthesis 
of nicotinamide adenine dinucleotide (NAD) synthesis; these con-
ditions have been grouped together as congenital NAD deficiency 
disorders. The overall contribution of these genes to the pathogen-
esis of VATER/VACTERL association appears to be small in terms 
of the entire group of patients but remains an important diag-
nostic consideration. Interestingly, studies in mice with biallelic 

Table 100.2    � Examples of Malformations with Distinct Causes, Clinical Features, and Pathogenesis

DISORDER CAUSE/INHERITANCE SELECTED CLINICAL FEATURES PATHOGENESIS

Spondylocostal dysostosis  
syndrome

Mendelian; autosomal recessive Abnormal vertebral and rib  
segmentation

Deleterious sequence variants in 
DLL3 and other genes

Rubinstein-Taybi syndrome Autosomal dominant Intellectual disability
Broad thumbs and halluces;  

valgus deviation of these digits
Hypoplastic maxillae
Prominent nose and columella
Congenital heart disease

Deleterious sequence variants in 
CBP and EP300

X-linked lissencephaly X-linked Male: severe intellectual disability, 
seizures

Female: variable

Deleterious sequence variants in 
DCX

Aniridia Autosomal dominant Absent iris or iris/foveal 
hypoplasia

Deleterious sequence variants in 
PAX6

Waardenburg syndrome, type I Autosomal dominant Deafness
White forelock
Wide-spaced eyes
Iris heterochromia and/or pale 

skin pigmentation

Deleterious sequence variants in 
PAX3

Holoprosencephaly Loss of function or 
haploinsufficiency for multiple 
genes

Microcephaly SHH, multiple other genes
Cyclopia
Single central incisor

Velocardiofacial syndrome Microdeletion
22q11.2

Congenital heart disease,  
including conotruncal defects

TBX1 haploinsufficiency/
pathogenic variants; 
haploinsufficiency for other 
genes in the deleted interval also 
contributes to the phenotype

Cleft palate
T-cell defects
Facial anomalies

Down syndrome Additional copy of chromosome 
21 (trisomy 21)

Intellectual disability Increase in dosage of an estimated 
250 genes on chromosome 21Characteristic facial anomalies

Congenital heart disease
Increased risk of leukemia
Alzheimer disease

Neural tube defects Multifactorial Meningomyelocele Defects in folate sensitive  
enzymes or folic acid uptake

Fetal alcohol syndrome Teratogenic Microcephaly Ethanol toxicity to developing brain
Developmental delay
Facial anomalies
Behavioral abnormalities

Retinoic acid embryopathy Teratogenic Microtia Isotretinoin effects on neural crest 
and branchial arch developmentCongenital heart disease
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A newborn has multiple malformations following a documented maternal viral illness during
pregnancy. Which etiologic category from the table should be assessed?

A. Maternal infection

B. Postnatal iron deficiency only

C. Simple traumatic fracture

D. An isolated circadian sleep disorder

E. Childhood-onset tic disorder
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loss-of-function variants in Haao and Kynu that were provided 
with niacin in their diet showed that the vitamin can overcome the 
metabolic block associated with loss-of-function for these genes. 
Niacin enters the NAD biosynthesis pathway downstream to Haao 
and Kynu, and this finding implies that the availability of niacin 
and other components of the kynurenine pathway can influence 
NAD levels during pregnancy and consequently the clinical sever-
ity resulting from the variants affecting some of the genes involved 

in NAD synthesis. These conditions outline the importance of con-
sidering the influence of environmental factors on the phenotype 
caused by genetic variation. 

MOLECULAR MECHANISMS OF MALFORMATIONS
Inborn Errors of Development
Genes that cause malformation syndromes, as well as genes whose expres-
sion is disrupted by environmental agents or teratogens, can participate in 
numerous cellular processes, including signal transduction, transcription, 
or the regulation of genes and proteins required for key developmental 
events. When anomalies are viewed as alterations resulting from distur-
bances to important developmental pathways, this provides a molecular 
framework for understanding the birth defects (see Chapter 101).

Table 100.3    � Causes of Congenital Malformations

MONOGENIC
X-linked hydrocephalus
Achondroplasia
Ectodermal dysplasia
Apert syndrome
Treacher Collins syndrome

CHROMOSOMAL ABERRATIONS AND COPY NUMBER VARIANTS
Trisomy 21, 18, 13
XO, XXY
Deletions 4p−, 5p−, 7q−, 13q−, 18p−, 18q−, 22q−
Prader-Willi syndrome (70% of affected patients have deletion of 

chromosome 15q11.2-q13)

MATERNAL INFECTION
Intrauterine infections (e.g., herpes simplex virus, cytomegalovirus, 

varicella-zoster virus, rubella virus, Zika virus, toxoplasmosis)

MATERNAL ILLNESS
Diabetes mellitus
Phenylketonuria
Hyperthermia

UTERINE ENVIRONMENT
Deformation
Uterine pressure, oligohydramnios: clubfoot, torticollis, congenital 

hip dislocation, pulmonary hypoplasia, seventh nerve palsy
Disruption
Amniotic bands, congenital amputations, gastroschisis, 

porencephaly, intestinal atresia
Twinning

ENVIRONMENTAL AGENTS
Polychlorinated biphenyls
Herbicides
Mercury
Alcohol

MEDICATIONS
Thalidomide
Diethylstilbestrol
Phenytoin
Warfarin
Cytotoxic drugs
Paroxetine
Angiotensin-converting enzyme inhibitors
Isotretinoin (vitamin A)
d-Penicillamine
Valproic acid
Mycophenolate mofetil

UNKNOWN ETIOLOGIES
Neural tube defects, such as anencephaly and spina bifida
Cleft lip/palate
Pyloric stenosis

SPORADIC SEQUENCE COMPLEXES
VATER/VACTERL sequence (vertebral defects, anal atresia, cardiac 

defects, tracheoesophageal fistula with esophageal atresia, radial 
and renal anomalies)

Pierre-Robin sequence

NUTRITIONAL
Neural tube defects due to low folic acid

From Behrman RE, Kliegman RM, eds. Nelson’s Essentials of Pediatrics, 4th ed. 
Philadelphia: Saunders; 2002.

Uterine compression

Increased mechanical forces

Fetal constraint

Deformations

Intrinsic
Oligohydramnios

Uterine hypertonia
Multiple fetuses

Large fetus
Uterine deformities

(bicornate)

Extremity

Dislocated hips
Metatarsus adductus

Equinovarus foot
Calcaneovalgus foot

Tibial bowing
Hyperflexed hips

Hyperextended knees
Contractures

Internal tibial torsion

Other

Torticollis
Lung hypoplasia

Scoliosis

Craniofacial

Scaphocephaly
Plagiocephaly

Mandibular asymmetry
Flattened facies

Deviated nasal septum
Crumpled ear

Craniosynostosis

Extrinsic
Small pelvis

Bony lumbar spines
Increased abdominal tone

Abnormal fetal posture
(including breech)

Abnormal fetal
muscular tone

Fig. 100.2  Deformation abnormalities resulting from uterine com-
pression. (From Kliegman RM, Jenson HB, Marcdante KJ, et al., eds. 
Nelson Essentials of Pediatrics, 5th ed. Philadelphia: Saunders; 2005.)

Fig. 100.3  Breech deformation sequence.
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A dysmorphology note describes brachydactyly. What finding does the terminology table
mean?

A. Short digits

B. Permanent flexion of a finger

C. Widely spaced eyes

D. White iris flecks

E. Small head circumference
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time, the phenotype is typically not progressive. In contrast, disor-
ders that cause facial anomalies because of metabolic perturbations, 
for example, Hunter syndrome or Sanfilippo syndrome, can be mild or 
may not be apparent at birth, but can progress, causing deterioration of 
patient status over time. 

Physical Examination
The physical examination is very important for identifying anomalies 
that can aid a genetic diagnosis. The essential element of the physical 
evaluation is an assessment of the patient’s clinical findings, with the 
clinician performing an organized evaluation of the size and forma-
tion of various body structures. Familiarity with the terminology typi-
cally used to describe anomalies is helpful (Table 100.4). The size and 
shape of the head is relevant; for example, many children with Down 
syndrome have mild microcephaly and a shortened anteroposterior 
dimension of skull, termed brachycephaly. Eye position, shape, and 
the slant of the palpebral fissures are useful signs for many disorders. 
Reference standards are available with which physical measurements 
(e.g., interpupillary distance) can be compared. It can be useful to cat-
egorize anomalies as “major” or “minor” birth defects. Major defects 

either cause significant dysfunction or require surgical correction (see 
Table 100.5), and minor defects neither cause significant dysfunction 
nor require surgical correction (e.g., clinodactyly) (Table 100.6 and Fig. 
100.8). By cataloging physical parameters, the clinician may be able to 
identify a characteristic pattern of anomalies and recognize the diag-
nosis. Facial recognition software has been helpful in identifying the 
etiology of patients with facial dysmorphology (Fig. 100.9). 

Imaging Studies
Imaging studies can be critical in diagnosing an underlying genetic eti-
ology. If short stature or disproportionate stature (e.g., long trunk and 
short limbs) is noted, a full skeletal survey with radiographs should be 
performed. The skeletal survey can detect anomalies in bone number, 
structure, and formation that can be used to narrow the differential 
diagnosis. When there are abnormal neurologic signs or symptoms, 
such as hypotonia, and an abnormal head size, such as microcephaly, 
brain imaging can be indicated. Other studies and examinations, such 
as echocardiography, renal ultrasonography, and hearing and ophthal-
mology evaluation, can also be useful to identify additional major or 
minor anomalies that may serve as diagnostic clues. 

Table 100.4    � Definitions of Common Clinical Signs of Syndromes with Facial Anomalies

SIGN DEFINITION

Brachycephaly A condition in which head shape is shortened from front to back along the sagittal plane; typically the back 
of the skull (occiput) and face are flatter than normal.

Brachydactyly Short digits.

Brushfield spots Speckled white spots or rings about two-thirds of the distance to the periphery of the iris of the eye.

Camptodactyly Permanent flexion of one or more fingers that can be associated with missing interphalangeal creases.

Clinodactyly A medial or lateral curving of the fingers or toes; usually refers to incurving of the fifth finger.

Hypoplastic or small nail A small nail on a digit.

Low-set ears This designation is made when the helix meets the cranium at a level below a horizontal plane that is an 
extension of a line through both inner canthi.

Melia A suffix meaning “limb” (e.g., amelia, missing limb; brachymelia, short limb).

Wide-set eyes Increased distance between the center of the pupils of the two eyes; can be measured as an increased 
interpupillary distance (IPD).

Plagiocephaly A condition in which head shape is asymmetric in the sagittal or coronal plane; can result from asymmetry in 
cranial suture closure, asymmetry of brain growth, or deformation of the skull.

Posterior hair whorl A single hair whorl occurs to the right or left of midline and is within 2 cm anterior to the posterior fontanel 
in 95% of cases.

Postaxial polydactyly Extra finger or toe present on the lateral side of the hand or foot.

Preaxial polydactyly Extra finger or toe present on the medial side of the hand or foot.

Prominent lateral palatine ridges Relative overgrowth of the lateral palatine ridges that can be caused by a deficit of tongue thrust into the 
hard palate.

Scaphocephaly A condition in which the head is elongated from front to back in the sagittal plane; most normal skulls are 
scaphocephalic; also termed dolichocephaly.

Shawl scrotum The scrotal skin joins around the superior aspect of the penis and represents a mild deficit in full migration of 
the labial-scrotal folds.

Short palpebral fissures Decreased horizontal distance of the eyelid folds based on measurements from the inner canthus to the 
outer canthus.

Syndactyly Incomplete separation of the fingers or toes. It most commonly occurs between the third and fourth fingers 
and between the second and third toes.

Synophrys Eyebrows that meet in the midline.

Telecanthus Lateral displacement of the inner canthi. The inner canthal distance (ICD) is increased, but the IPD is normal.

Widow’s peak V-shaped midline, downward projection of the scalp hair in the frontal region. It represents an upper 
forehead intersection of the bilateral fields of periocular hair growth suppression. A widow’s peak can 
occur together with wide-spaced eyes.
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A newborn has an omphalocele. How is this finding classified in the table of congenital
anomalies?

A. Major abdominal-wall malformation

B. Minor ear anomaly

C. Normal variant of the iris

D. Isolated behavioral finding

E. Acquired childhood injury
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Diagnosis
The examining physician should gather data on the patient’s pedigree 
and perinatal and pediatric history and should have an appreciation for 
the natural history of the clinical findings. At this point, the physician 

has examined the child, identified atypical physical features, and 
obtained appropriate imaging studies.

The clinician should now attempt to organize the findings to elucidate 
potential developmental processes. An assessment based on specificity can 
be helpful for this process. If a child has multiple findings, such as a pat-
ent ductus arteriosus (PDA), mild growth restriction, mild microcephaly, 
and holoprosencephaly, micropenis, and ptosis, a selection of the rarer or 
pathognomonic findings may be prioritized. The PDA, ptosis, mild growth 
restriction, and mild microcephaly are considered nonspecific findings, as 
they are present in many disorders or often present as isolated features that 
are not part of a syndrome. However, holoprosencephaly and micropenis 
are present in fewer syndromes and are not considered part of normal 
variation. The clinician can therefore search for disorders that include both 
holoprosencephaly and micropenis. The search can be performed manu-
ally using the features index of a textbook such as Smith’s Recognizable Pat-
terns of Human Malformation or a computerized database such as Online 
Mendelian Inheritance in Man (OMIM). Searching for both holoprosen-
cephaly and micropenis returns a list of diagnostic possibilities, and the 
physician can then return to the patient to examine for additional features 
of the leading possible candidate disorders. Appropriate genetic testing 
can then be undertaken to confirm the clinician’s hypothesis and verify 
the diagnosis. Alternatively, broad genetic testing can be undertaken if the 
patient’s clinical findings are nonspecific. 

Laboratory Studies and Genetic Testing
The laboratory evaluation of a child with anomalies can be critical to 
reach or confirm the correct diagnosis, particularly for metabolic condi-
tions. Array CGH and SNP arrays enable the detection of chromosome 
abnormalities and copy number variants and, in the case of SNP arrays, 
evaluation for loss of heterozygosity. Chromosome deletion syndromes 
may also be identified with specific and sensitive FISH analysis, although 
this technology has been largely replaced by chromosome arrays and 
NGS sequencing. Cytogenetic studies with Giemsa-banded (G-banded) 
chromosome analysis are still useful for the diagnosis of Down syn-
drome and balanced translocations (Table 100.7). These tests are sensi-
tive methods for the detection of cytogenetic alterations associated with 
birth defects and MCAs. Cytogenetic alterations can also be detected by 
whole genome sequencing that is becoming increasingly utilized.

Molecular testing for deleterious sequence variants that cause pleio-
tropic malformation syndromes is also available for many disorders 
as clinical testing. In most cases, however, such testing should not be 
performed indiscriminately; instead, it should be ordered thoughtfully 
after a differential diagnosis has been considered. NGS with ES and 
whole genome sequencing has led to the identification of innumerable 
novel genes and revolutionized the testing that is available for patients 
and families with intellectual disability, birth defects, and other genetic 
diseases. A strong suspicion of a genetic diagnosis warrants consider-
ation of testing to confirm the diagnosis, facilitate patient treatment 
and anticipatory guidance, clarify recurrence risks, and enable carrier 
testing for additional family members. Single genes can still be tested 
by Sanger sequencing that targets single or multiple exons. However, 

Table 100.5    � Major Malformations*

NEUROLOGIC
Severe hydrocephalus
Lissencephaly
Schizencephaly
Megalencephaly
Neural tube defect
Meningomyelocele
Encephalocele

CARDIOVASCULAR
Various congenital heart 

malformations
Cardiomyopathy
Genetic arrhythmia syndromes

GENITOURINARY
Ambiguous genitalia
Kidney malformations
Urachal defects

RESPIRATORY
Congenital pulmonary airway 

malformation
Tracheoesophageal fistula

ABDOMINAL WALL
Gastroschisis
Omphalocele

CRANIOFACIAL
Craniosynostosis
Facial cleft
Cleft lip and palate
Structural eye defect
Coloboma
Aniridia
Structural ear defects
Microtia
Aplasia of the auditory canal
LIMB
Amelia
Split/hand foot malformation

*Not an inclusive list.
From Basel D. Dysmorphology in a genomic era. Clin Perinatol. 2020;47:15–23. Table 1.

Table 100.6    � Minor Malformations*

CRANIOFACIAL
Large fontanel
Flat or low nasal bridge
Saddle nose, upturned nose
Micrognathia
Cutis aplasia of the scalp

EYE
Palpebral fissures

Telecanthus or epicanthus
Up or down slanting

Hypertelorism
Brushfield spots

EAR
Posteriorly rotated pinna
Lack of helical fold
Preauricular with or without 

auricular skin tags
Small pinna
Auricular (preauricular) pit or 

sinus
Folding of helix
Darwinian tubercle
Crushed (crinkled) ear
Asymmetric ear sizes
Low-set ears

SKIN
Dimpling over the bones
Capillary hemangioma (face/

posterior neck)
Dermal melanosis (African, Asian)
Sacral dimple
Pigmented nevi
Redundant skin folds
Cutis marmorata
Café-au-lait macules

HAND
Simian crease
Bridged upper palmar creases
Fifth finger clinodactyly
Joint hypermobility 

(hyperextension of thumb)
Cutaneous syndactyly
Polydactyly
Short, broad thumb
Narrow or hyperconvex nails
Hypoplastic nails
Camptodactyly
Short fourth metacarpal

FOOT
Syndactyly of second/third toe
Asymmetric toe length
Clinodactyly of second toe
Overlapping toes
Nail hypoplasia
Wide gap between hallux and 

second toe
Deep plantar crease between 

hallux and second toe

OTHER
Mild calcaneovalgus
Hydrocele
Shawl scrotum
Hypospadias
Hypoplasia of labia majora
Supernumerary nipples
Undescended testes
Tongue tie

*Not an inclusive list.
From Basel D. Dysmorphology in a genomic era. Clin Perinatol. 2020;47:15–23. Table 2.
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Fig. 100.8  Frequency of major malformations in relation to the num-
ber of minor anomalies detected in a given newborn baby. (From Jones 
KJ. Smith’s Recognizable Patterns of Human Malformation, 6th ed. 
Philadelphia: Saunders; 2006.)
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A neonate has a small isolated preauricular skin tag but otherwise normal examination. Which
category includes this physical finding?

A. Minor ear malformation

B. Major cardiac defect

C. Major abdominal-wall defect

D. Central nervous-system malformation

E. Inherited metabolic crisis

Original table 100.6  |  Nelson printed p. 785  |  PDF p. 831

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19
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Diagnosis
The examining physician should gather data on the patient’s pedigree 
and perinatal and pediatric history and should have an appreciation for 
the natural history of the clinical findings. At this point, the physician 

has examined the child, identified atypical physical features, and 
obtained appropriate imaging studies.

The clinician should now attempt to organize the findings to elucidate 
potential developmental processes. An assessment based on specificity can 
be helpful for this process. If a child has multiple findings, such as a pat-
ent ductus arteriosus (PDA), mild growth restriction, mild microcephaly, 
and holoprosencephaly, micropenis, and ptosis, a selection of the rarer or 
pathognomonic findings may be prioritized. The PDA, ptosis, mild growth 
restriction, and mild microcephaly are considered nonspecific findings, as 
they are present in many disorders or often present as isolated features that 
are not part of a syndrome. However, holoprosencephaly and micropenis 
are present in fewer syndromes and are not considered part of normal 
variation. The clinician can therefore search for disorders that include both 
holoprosencephaly and micropenis. The search can be performed manu-
ally using the features index of a textbook such as Smith’s Recognizable Pat-
terns of Human Malformation or a computerized database such as Online 
Mendelian Inheritance in Man (OMIM). Searching for both holoprosen-
cephaly and micropenis returns a list of diagnostic possibilities, and the 
physician can then return to the patient to examine for additional features 
of the leading possible candidate disorders. Appropriate genetic testing 
can then be undertaken to confirm the clinician’s hypothesis and verify 
the diagnosis. Alternatively, broad genetic testing can be undertaken if the 
patient’s clinical findings are nonspecific. 

Laboratory Studies and Genetic Testing
The laboratory evaluation of a child with anomalies can be critical to 
reach or confirm the correct diagnosis, particularly for metabolic condi-
tions. Array CGH and SNP arrays enable the detection of chromosome 
abnormalities and copy number variants and, in the case of SNP arrays, 
evaluation for loss of heterozygosity. Chromosome deletion syndromes 
may also be identified with specific and sensitive FISH analysis, although 
this technology has been largely replaced by chromosome arrays and 
NGS sequencing. Cytogenetic studies with Giemsa-banded (G-banded) 
chromosome analysis are still useful for the diagnosis of Down syn-
drome and balanced translocations (Table 100.7). These tests are sensi-
tive methods for the detection of cytogenetic alterations associated with 
birth defects and MCAs. Cytogenetic alterations can also be detected by 
whole genome sequencing that is becoming increasingly utilized.

Molecular testing for deleterious sequence variants that cause pleio-
tropic malformation syndromes is also available for many disorders 
as clinical testing. In most cases, however, such testing should not be 
performed indiscriminately; instead, it should be ordered thoughtfully 
after a differential diagnosis has been considered. NGS with ES and 
whole genome sequencing has led to the identification of innumerable 
novel genes and revolutionized the testing that is available for patients 
and families with intellectual disability, birth defects, and other genetic 
diseases. A strong suspicion of a genetic diagnosis warrants consider-
ation of testing to confirm the diagnosis, facilitate patient treatment 
and anticipatory guidance, clarify recurrence risks, and enable carrier 
testing for additional family members. Single genes can still be tested 
by Sanger sequencing that targets single or multiple exons. However, 

Table 100.5    � Major Malformations*

NEUROLOGIC
Severe hydrocephalus
Lissencephaly
Schizencephaly
Megalencephaly
Neural tube defect
Meningomyelocele
Encephalocele

CARDIOVASCULAR
Various congenital heart 

malformations
Cardiomyopathy
Genetic arrhythmia syndromes

GENITOURINARY
Ambiguous genitalia
Kidney malformations
Urachal defects

RESPIRATORY
Congenital pulmonary airway 

malformation
Tracheoesophageal fistula

ABDOMINAL WALL
Gastroschisis
Omphalocele

CRANIOFACIAL
Craniosynostosis
Facial cleft
Cleft lip and palate
Structural eye defect
Coloboma
Aniridia
Structural ear defects
Microtia
Aplasia of the auditory canal
LIMB
Amelia
Split/hand foot malformation

*Not an inclusive list.
From Basel D. Dysmorphology in a genomic era. Clin Perinatol. 2020;47:15–23. Table 1.

Table 100.6    � Minor Malformations*

CRANIOFACIAL
Large fontanel
Flat or low nasal bridge
Saddle nose, upturned nose
Micrognathia
Cutis aplasia of the scalp

EYE
Palpebral fissures

Telecanthus or epicanthus
Up or down slanting

Hypertelorism
Brushfield spots

EAR
Posteriorly rotated pinna
Lack of helical fold
Preauricular with or without 

auricular skin tags
Small pinna
Auricular (preauricular) pit or 

sinus
Folding of helix
Darwinian tubercle
Crushed (crinkled) ear
Asymmetric ear sizes
Low-set ears

SKIN
Dimpling over the bones
Capillary hemangioma (face/

posterior neck)
Dermal melanosis (African, Asian)
Sacral dimple
Pigmented nevi
Redundant skin folds
Cutis marmorata
Café-au-lait macules

HAND
Simian crease
Bridged upper palmar creases
Fifth finger clinodactyly
Joint hypermobility 

(hyperextension of thumb)
Cutaneous syndactyly
Polydactyly
Short, broad thumb
Narrow or hyperconvex nails
Hypoplastic nails
Camptodactyly
Short fourth metacarpal

FOOT
Syndactyly of second/third toe
Asymmetric toe length
Clinodactyly of second toe
Overlapping toes
Nail hypoplasia
Wide gap between hallux and 

second toe
Deep plantar crease between 

hallux and second toe

OTHER
Mild calcaneovalgus
Hydrocele
Shawl scrotum
Hypospadias
Hypoplasia of labia majora
Supernumerary nipples
Undescended testes
Tongue tie

*Not an inclusive list.
From Basel D. Dysmorphology in a genomic era. Clin Perinatol. 2020;47:15–23. Table 2.
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Fig. 100.8  Frequency of major malformations in relation to the num-
ber of minor anomalies detected in a given newborn baby. (From Jones 
KJ. Smith’s Recognizable Patterns of Human Malformation, 6th ed. 
Philadelphia: Saunders; 2006.)
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A child has a friendly social style, supravalvular aortic stenosis, and stellate iris pattern. Which
deletion syndrome fits the table?

A. Williams syndrome

B. WAGR syndrome

C. Prader-Willi syndrome

D. Wolf-Hirschhorn syndrome

E. Cri-du-chat syndrome

Original table 100.7  |  Nelson printed p. 786  |  PDF p. 832

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20
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for diagnoses that have substantial genetic heterogeneity (e.g., hearing 
loss), panel testing often using NGS, in which multiple relevant genes 
can be interrogated for single nucleotide variants and gene deletions 
and duplications, is more expeditious than single-gene testing. Panel 
tests also frequently have the advantage of providing high coverage 
for the genes on the panel compared with the coverage for the same 
genes that can be obtained by ES. However, in situations with diag-
nostic uncertainty, such as the investigation of a child with intellectual 
disability and facial anomalies for which there is no clearly recogniz-
able pattern, exome or genome sequencing (GS) may be most use-
ful as a broad testing approach. ES examines approximately 200,000 
exons, or the 1–2% of the DNA that comprises the coding regions of 
the genome. ES is typically performed with a trio approach, in which 
the patient and both biological parents are tested simultaneously, so 
that the inheritance pattern, or segregation, of deleterious sequence 

variants can be determined, thus simplifying analysis. Trio sequencing 
has resulted in higher diagnostic yields than proband-only sequenc-
ing and can approach 30–40% for indications such as intellectual dis-
ability. In contrast, GS examines the entire DNA content, including 
noncoding regions, and increasingly enables analysis for cytogenetic 
rearrangements in addition to copy number loss or gain. ES and GS are 
applicable to a wide range of birth defects and genetic diseases and can 
discover causative variants in known or novel genes associated with a 
particular condition. 

Management and Counseling
Management and genetic counseling are essential aspects of the 
approach to a patient with a genetic disorder. For example, children with 
Down syndrome have a high incidence of hypothyroidism, and chil-
dren with achondroplasia have a high incidence of cervicomedullary 

Fig. 100.9  The Framework of Fa-
cial Recognition for Genetic Syn-
drome Detection. ICA, Independ-
ent component analysis; CLM, 
constrained local model; HCLM, 
hierarchical CLM; DS, Down syn-
drome; ROC, receiver operating 
characterstics. (From Zhao Q, Okada 
K, Rosenbaum K, et al. Digital facial 
dysmorphology for genetic screen-
ing: hierarchical constrained local 
model using ICA. Med Image Anal. 
2014;18:699–710. Fig. 2.)
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Table 100.7    � Chromosomal Deletion Syndromes

CONDITION BRIEF DESCRIPTION PROBE

Williams syndrome Proportionate short stature, mild-moderate to severe intellectual disability, friendly 
personality, stellate pattern of iris pigmentation, supravalvular aortic stenosis, wide mouth 
with full lips

7q11

WAGR syndrome Wilms tumor, aniridia, growth delay, intellectual disability, and genitourinary anomalies 11p13

Prader-Willi syndrome
Angelman syndrome

Distinct syndromes with common or overlapping areas of deletion; phenotype depends on 
gender of the parent of origin of the deletion

Prader-Willi syndrome: hypotonia in infancy, short stature, obesity, mild-moderate and  
occasionally severe intellectual disability, small hands and feet (caused by paternal deletion 
of 15q11-13 or maternal uniparental disomy for chromosome 15)

Angelman syndrome: severe intellectual disability, absence of speech, ataxia, tremulous 
movements, large mouth, frequent drooling (caused by maternal deletion of chromosome 
15q11-13 or paternal uniparental disomy)

15q11

Smith-Magenis syndrome Brachycephaly, prognathism, self-destructive behavior, wrist biting, pulling out nails, head 
banging, indifference to pain, intellectual disability, hyperactivity

17p11.2

Miller-Dieker syndrome Microcephaly, narrow temples, hypotonia/hypertonia, abnormal posturing, seizures, severe to 
profound intellectual disability, poor growth, lissencephaly and other brain abnormalities on 
CT or MRI

17p13

22q11 deletion syndrome Cleft palate, congenital heart disease, learning/behavior problems, long face, prominent 
nose, limb hypotonia, slender hands with tapering fingers, T-cell deficiency, immunoglobulin 
deficiency

22q11

WAGR, Wilms tumor, aniridia, genitourinary anomalies, and mental retardation.
From Kliegman RM, Lye PS, et al., eds. Nelson Pediatric Symptom-Based Diagnosis, Philadelphia: Elsevier; 2018: Table 25-10.
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A child with Noonan syndrome has a pathogenic variant in PTPN11. Which signaling pathway in
the table connects this gene to the phenotype?

A. RAS/MAPK pathway

B. Mitochondrial electron transport chain only

C. Complement cascade

D. Coagulation intrinsic pathway

E. Urea cycle

Original table 101.1  |  Nelson printed p. 788  |  PDF p. 834
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Table 101.1    � Genes and Features of the RAS/MAPK Pathway

SYNDROME
RAS/MAPK  
PATHWAY GENE PROTEIN PROTEIN FUNCTION CLINICAL PHENOTYPE

Noonan syndrome PTPN11
SOS1
RAF1
KRAS
NRAS
SHOC2
CBL
RIT1

SHP2
SOS1
CRAF
KRAS
NRAS
SHOC2
CBL
RIT1

Phosphatase
RasGEF
Kinase
GTPase
GTPase
Scaffolding
E3 ubiquitin ligase
GTPase

Craniofacial dysmorphic features, including a 
broad forehead, hypertelorism, down-slanting 
palpebral fissures, ptosis, a high-arched palate, 
and low-set, posteriorly rotated ears; congenital 
heart defects; short stature; undescended  
testicles; ophthalmologic abnormalities; bleeding 
disorders; normal neurocognitive function or 
mild impairment; predisposition to cancer

Noonan syndrome with 
multiple  
lentigines

PTPN11
RAF1

SHP2
RAF1/CRAF

Phosphatase
Kinase

Same as Noonan syndrome, but with possible 
development of multiple skin lentigines as 
individuals age; unclear predisposition to 
cancer

Capillary malformation–
arteriovenous  
malformation

RASA1 p120-RasGAP RasGAP Multifocal capillary malformations, which may be 
associated with arteriovenous malformations 
and fistulae; unclear predisposition to cancer

Costello syndrome HRAS HRAS GTPase Craniofacial features similar to those of Noonan  
syndrome but potentially more coarse;  
congenital heart defects; failure to thrive; short 
stature; ophthalmologic abnormalities; multiple 
skin manifestations, including papilloma; normal 
neurocognitive function or mild impairment; 
hypotonia; predisposition to cancer

Cardiofaciocutaneous 
syndrome

BRAF
MAP2K1
MAP2K2
KRAS

BRAF
MEK1
MEK2
KRAS

Kinase
Kinase
Kinase
GTPase

Craniofacial features similar to those of Noonan 
syndrome; congenital heart defects; failure  
to thrive; short stature; ophthalmologic 
abnormalities; multiple skin manifestations, 
including progressive formation of nevi; normal 
neurocognitive function or mild impairment; 
hypotonia; unclear predisposition to cancer

Neurofibromatosis type 1 NF1 Neurofibromin RasGAP Café-au-lait maculae; intertriginous freckling; 
neurofibromas and plexiform neurofibromas; 
iris Lisch nodules; osseous dysplasia; optic 
pathway glioma; normal neurocognitive  
function or mild impairment; predisposition  
to other cancers

Legius syndrome SPRED1 SPRED1 SPROUTY-related,  
EVH1 domain–containing 
protein 1

Café-au-lait maculae; intertriginous freckling; 
macrocephaly; normal neurocognitive function 
or mild impairment; no apparent predisposition 
to cancer

Modified from Rauen KA. The RASopathies. Annu Rev Genom Hum Genet. 2013;14:355–369. Table 3.

(Table 101.2 and Fig. 101.2). The pattern of congenital heart disease 
typically involves right-sided lesions, most frequently presenting 
with pulmonary valvular stenosis and hypertrophic cardiomyopa-
thy, but atrial and ventricular septal defects, branch pulmonary 
artery stenosis, tetralogy of Fallot, and coarctation of the aorta have 
all been described. Children with NS can manifest developmental 
delays in association with hypotonia and may have challenges with 
articulation and coordination. High-frequency sensorineural hear-
ing loss is common and should be considered in patients with lan-
guage delays. Hepatosplenomegaly, low levels of clotting factors XI 
and XII, and primary lymphatic anomalies have also been noted; 
patients may rarely develop acute lymphoblastic leukemia or juve-
nile myelomonocytic leukemia (JMML). Puberty may be delayed, 
and an adult height that reaches the lower limit of the typical range 
can be achieved by the end of the second decade. Other distinctive 
phenotypes include NS-like disorder with loose anagen hair caused 
by SHOC2 variants and NS-like disorder with or without JMML 
caused by CBL variants.

DIAGNOSIS
Initial suspicion of a RASopathy generally depends on recognition of 
one or more characteristic features associated with the various condi-
tions. Genetic testing includes a panel of genes including those in the 
RAS/MAPK pathway. Multigene panel testing is preferred over single-
gene analysis due to the many overlapping symptoms seen in RASopa-
thy disorders. Genetic testing can often be performed on blood, saliva, 
or a buccal swab. If a gene in the RAS/MAPK pathway is found to have 
a pathogenic or likely pathogenic variant, this would provide molecu-
lar confirmation of the clinical diagnosis. 

TREATMENT
Management of NS is noted in Table 101.3. Human growth hormone 
will improve growth velocity in many individuals with NS and short 
stature; it is recommended for those who fall below the third percen-
tile for height. MEK inhibitors, such as trametinib, have been used to 
treat refractory lymphedema or chylous effusions and possibly severe 
cardiac hypertrophy. 
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A child has short stature, ptosis, widely spaced eyes, low posterior hairline, and a pectus
deformity. Which syndrome matches the listed clinical features?

A. Noonan syndrome

B. Classic galactosemia

C. Angelman syndrome

D. Isolated phenylketonuria

E. Duchenne muscular dystrophy

Original table 101.2  |  Nelson printed p. 789  |  PDF p. 835
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NEUROFIBROMATOSIS
NF1 is a multisystem disorder that primarily abstractly involves the 
skin and peripheral nervous system (see Chapter 636.1). NF1 is associ-
ated with marked clinical variability. NF1 is inherited in an autosomal 
dominant manner. The disorder is caused by pathogenic variants in the 
NF1 gene, which encodes neurofibromin and functions as a regulator 
of RAS signaling (see Table 101.1 and Fig. 101.1). 

LEGIUS SYNDROME
Legius syndrome is a RASopathy caused by pathogenic variants in 
SPRED1, which encodes an HRAS regulator. Individuals with Legius 
syndrome present with typical multiple café-au-lait macules inherited 
as an autosomal dominant trait but do not develop the serious medical 
complications of NF1.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

101.2  Sonic Hedgehog Pathway
Chad R. Haldeman-Englert

The Hedgehog signaling pathway plays numerous tissue-specific criti-
cal roles during embryogenesis and postnatal life. Disruption of spe-
cific steps in this pathway result in a variety of related developmental 
disorders and anomalies (Fig. 101.3). Activation of this pathway in the 
child or adult may lead to abnormal cellular proliferation and cancer. 
Three genes, Sonic (SHH), Indian (IHH), and Desert (DHH), comprise 
the hedgehog family, with SHH being the most widely expressed. These 

genes encode secreted signaling molecules important in cellular differ-
entiation, proliferation, and survival. Secreted SHH acts as a ligand for 
specific cellular receptors to have a signal transduced by other compo-
nents of the pathway to regulate downstream gene transcription. The 
SHH ligand is expressed in the embryo in regions important for devel-
opment of the brain, face, limbs, and the gut.

Deleterious sequence variants in SHH can cause holoprosenceph-
aly (see Fig. 100.7), a variably severe, midline defect associated with 
clinical effects ranging from cyclopia to a single maxillary incisor with 
close spacing of the ocular orbits. The SHH protein is processed by pro-
teolytic cleavage to an active N-terminal form, which is then further 
modified by the addition of cholesterol. The steroidal alkaloid cyclo-
pamine exerts a teratogenic effect by inhibiting cholesterol modifica-
tion of SHH and can result in holoprosencephaly in sheep. In humans, 
a defect in cholesterol biosynthesis involving the recessive delta-7-
dehydrocholesterol reductase gene (DHCR7) results in Smith-Lemli-
Opitz syndrome (SLOS) (see Chapter 106).

In addition to microcephaly and holoprosencephaly, patients with 
SLOS (see Fig. 101.3) display syndactyly, classically of the second and 
third toes, postaxial polydactyly of the hands and feet, an upturned or 
anteverted nose, ptosis, and cryptorchidism.

The cholesterol-modified active form of SHH binds to its transmem-
brane receptor Patched (PTCH1). This SHH-PTCH1 complex then 
inhibits the activity of the transmembrane protein Smoothened (SMO). 
Because SMO normally acts to suppress downstream targets, the GLI 
family of transcription factors, inhibition of SMO by PTCH1 results 
in activation of GLI1, GLI2, and GLI3. Pathogenic variants resulting 
in activation of SMO can be oncogenic, particularly in basal cell carci-
nomas and medulloblastomas. In addition, PTCH1 and its orthologue, 
PTCH2, act as tumor suppressors, and somatic, inactivating sequence 
variants can be associated with loss of tumor suppressor function. 
Relatedly, germline inactivating variants in PTCH1 result in Gorlin 
syndrome (see Fig. 101.3), an autosomal dominant disorder charac-
terized by a broad face, dental anomalies, rib defects and shortened 

Table 101.2    � Clinical Findings Associated with Noonan 
Syndrome

Short stature
Failure to thrive (use of specific Noonan syndrome growth curves is 

recommended)
Tall forehead
Epicanthal folds
Ptosis
Blue-green irides
Wide-spaced eyes
Low nasal bridge, upturned nose
Down-slanting palpebral fissures
Low-set and posteriorly rotated ears
Dental malocclusion
Low posterior hairline
Pectus excavatum
Pectus carinatum superiorly
Scoliosis
Pigmented villonodular synovitis (polyarticular)
Cubitus valgus
Pulmonary valve stenosis (dysplastic valve)
Hypertrophic cardiomyopathy
Atrial septal defect, ventricular septal defect
Lymphedema
Nevi, lentigines, café-au-lait spots
Cryptorchidism
Small penis
Delayed puberty
Bleeding disorders, including thrombocytopenia and coagulation 

factor deficiencies
Leukemia, myeloproliferative disorders, other malignancies

Cognitive delay

A

B C

Fig. 101.2  Noonan syndrome. A, Newborn. B, Toddler. C, Affected 
male. Note the down-slanting palpebral fissures, low-set ears, elevated 
left shoulder secondary to scoliosis, and wide-spaced nipples. (From 
Jones KL, Jones MC, Del Campo M, eds. Smith’s Recognizable Patterns 
of Human Malformation, 8th ed. Philadelphia: Elsevier; 2022: Fig. 1AC, 
p. 150 and Fig. 2A, p. 151; A and B courtesy Dr. Jacqueline Noonan, 
University of Kentucky, Lexington, Kentucky.)
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A child has a new diagnosis of Noonan syndrome. Which care component is included at
diagnosis in the management table?

A. Medical genetics evaluation and systematic physical examination

B. No baseline examination

C. Automatic discharge from follow-up

D. Only an annual dental radiograph

E. Delay all counseling until adulthood
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metacarpals; basal cell nevi that can undergo malignant transforma-
tion; and an increased risk of cancers, including medulloblastomas 
and rhabdomyosarcomas. GLI1 amplification has been found in sev-
eral human tumors, including glioblastoma, osteosarcoma, rhabdo-
myosarcoma, and B-cell lymphomas. Likewise, pathogenic variants 
in GLI3 can cause Greig cephalopolysyndactyly syndrome (GCPS), 
Pallister-Hall syndrome (PHS), postaxial polydactyly type A (and 
A/B), and preaxial polydactyly type IV (see Fig. 101.3). GCPS consists 
of wide-spaced eyes, syndactyly, additional digits on the radial border 
of the hand or inner aspect of the foot, termed preaxial polydactyly, 
and broad thumbs and halluces. PHS is an autosomal dominant disor-
der characterized by postaxial polydactyly, syndactyly, hypothalamic 

hamartomas, imperforate anus, and occasionally holoprosencephaly. 
GLI3 binds to CBP, the protein that is haploinsufficient in Rubinstein-
Taybi syndrome.

Disorders that are caused by pathogenic variants in genes that 
function together in a developmental pathway typically have overlap-
ping clinical manifestations. The overlapping features result from the 
embryonic tissues in which SHH is important for development, includ-
ing the brain, face, limbs, and gut as previously noted. Brain defects are 
present in holoprosencephaly (see Fig. 100.7), SLOS, and PHS. Facial 
anomalies are found in holoprosencephaly, SLOS, Gorlin syndrome, 
GCPS, and PHS. Limb defects occur in SLOS, Gorlin syndrome, 
GCPS, PHS, and the polydactyly syndromes. Overexpression, or acti-
vating sequence variants, affecting the SHH pathway results in cancer, 

Table 101.3    � Management of Noonan Syndrome

  AT DIAGNOSIS AFTER DIAGNOSIS IF SYMPTOMATIC

General Complete physical and neurologic 
examination; medical genetics 
consultation to confirm diagnosis, 
consider molecular genetic testing 
and genetic counseling

Yearly complete physical and  
neurologic examination; return to 
geneticist if genotype negative or 
for multisystem assessment; genetic 
counseling at adolescence or when a 
young adult

Orchiopexy by age 1 year for  
cryptorchidism; if lymphoedema, 
refer to specialty clinic; brain 
and cervical spine MRI if 
intracranial pressure increases; 
electroencephalogram and referral to 
neurologist if seizures suspected

Developmental Multidisciplinary developmental  
assessment

Developmental screening yearly for 
children age 5-18 years

Neuropsychologist testing if screening 
abnormal; referral to early intervention 
if delays detected before age 3 years; 
individual education plan for children 
age 5-18 years with delays

Dental First dental assessment between age 1 
year and 2 years

Yearly dental assessment —

Growth and feeding Plot growth on curves for Noonan 
syndrome

Plot growth on curves for Noonan 
syndrome 3 times per year until age 
3 years, then yearly

Refer to gastroenterologist for feeding 
problems or recurrent vomiting, or 
if evidence of growth failure without 
comorbid cause exists; thyroid 
function tests if signs or symptoms of 
hypothyroidism

Cardiovascular Cardiac examination, 
electrocardiogram, echocardiogram

Follow up on the basis of initial 
findings. If initial assessment normal, 
repeat every 5 years

—

Ophthalmologic Baseline eye examination Baseline 
audiology examination

Repeat every 2 years, sooner if 
indicated

—

Audiologic Baseline audiology examination Repeat if recurrent otitis media or 
speech delay

Refer to ear, nose, and throat specialist 
for recurrent otitis media or serous 
otitis; hearing aids or classroom 
interventions for hearing loss

Hematologic Complete blood cell count with 
differential, and prothrombin time or 
activated partial thromboplastin time

Repeat complete blood cell count with 
differential and prothrombin time or 
activated partial thromboplastin time 
if age 6-12 months at initial screen

Preoperatively: complete blood 
cell count with differential and 
prothrombin time or activated partial 
thromboplastin time, second tier 
(in consultation with hematologist) 
factor IX, XI, and XII concentrations, 
von Willebrand factor, platelet 
aggregation

Prothrombin time or activated partial 
thromboplastin time if bleeding  
abnormal or persistent, refer to 
hematologist; complete blood 
cell count with differential for 
splenomegaly; complete blood 
cell count with differential 
and liver function studies for 
hepatosplenomegaly

Renal Kidney ultrasound — —

Skeletal Clinical assessment of spine with 
radiology if indicated by examination

Repeat spinal examination yearly 
through adolescence; radiology and 
referral to orthopaedic specialist if 
abnormal

—

From Roberts AE, Allanson JE, Tartaglia M, Gelb BD. Noonan syndrome. Lancet. 2013;381:333–342.
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A child has chronic otitis media, recurrent respiratory symptoms, and organ laterality
abnormalities. Which motile-cilia disorder in the table best explains this combination?

A. Primary ciliary dyskinesia

B. Nephronophthisis alone

C. Isolated familial hypercholesterolemia

D. Phenylketonuria

E. Turner syndrome
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Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 24
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Fig. 101.4  Ciliopathies of motile and/or 
nonmotile cilia encompass most human 
organ systems. Different organ systems or 
tissues are affected in diverse ciliopathies, 
with the most common phenotypic mani-
festations for each organ. Ciliopathies 
caused primarily by defects in motile cilia 
are in orange, those in nonmotile (prima-
ry) cilia are in blue, and those associated 
with defects in nodal cilia are in green. 
NPHP, Nephronophthisis; PKD, polycystic 
kidney disease. (Modified from Reiter JF, 
Leroux MR. Genes and molecular path-
ways underpinning ciliopathies. Nat Rev 
Molec Cell. 2017;18:533–547. Fig. 2.)
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Table 101.4    � Childhood Diseases and Syndromes Associated with Motile and Primary/Sensory Ciliopathies

PEDIATRIC CILIOPATHY CLINICAL MANIFESTATIONS SELECTED GENE(S)

MOTOR
Primary ciliary dyskinesia Chronic bronchitis, rhinosinusitis, otitis media, 

laterality defects, infertility, CHD
DNAI1, DNAH5, DNAH11, DNAI2, KTU, 

TXNDC3, LRRC50, RSPH9, RSPH4A, 
CCDC40, CCDC39

PRIMARY/SENSORY
Autosomal recessive polycystic kidney disease RFD, CHF PKHD1

Nephronophthisis RFD, interstitial nephritis, CHF, RP NPHP1-8, ALMS1, CEP290

Bardet-Biedl syndrome Obesity, polydactyly, ID, RP, renal anomalies, 
anosmia, CHD

BBS1-12, MKS1, MKS3, CEP290

Meckel-Gruber syndrome RFD, polydactyly, ID, CNS anomalies, CHD, 
cleft lip, cleft palate

MKS1-6, CC2D2A, CEP290, TMEM216

Joubert syndrome CNS anomalies, ID, ataxia, RP, polydactyly, 
cleft lip, cleft palate

NPHP1, JBTS1, JBTS3, JBTS4, CORS2, AHI1, 
CEP290, TMEM216

Alström syndrome Obesity, RP, DM, hypothyroidism, 
hypogonadism, skeletal dysplasia, 
cardiomyopathy, pulmonary fibrosis

ALMS1

Orofaciodigital syndrome type I Polydactyly, syndactyly, cleft lip, cleft palate, 
CNS anomalies, ID, RFD

OFD1

Ellis van Creveld syndrome Chondrodystrophy, polydactyly, ectodermal 
dysplasia, CHD

EVC, EVC2

Jeune asphyxiating thoracic dystrophy Narrow thorax, RFD, RP, dwarfism, polydactyly IFT80

Sensenbrenner syndrome Dolichocephaly, ectodermal dysplasia, dental 
dysplasia, narrow thorax, RFD, CHD

IFT122, IFT43, WDR35

Short rib–polydactyly syndromes Narrow thorax, short limb dwarfism, 
polydactyly, renal dysplasia

WDR35, DYNC2H1, NEK1

CHD, Congenital heart disease; CHF, congenital hepatic fibrosis; CNS, central nervous system; DM, diabetes mellitus; ID, intellectual disabilities; RFD, renal fibrocystic disease; RP, 
retinitis pigmentosa.

From Ferkol TW, Leigh MW. Ciliopathies: the central role of cilia in a spectrum of pediatric disorders. J Pediatr. 2012;160:366–371.
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A child has long palpebral fissures with everted lower lids, arched eyebrows sparse laterally,
and abnormal dentition. Which phenotype-scoring list in the table is relevant?

A. Kabuki syndrome phenotype score

B. NEXUS

C. Glasgow Coma Scale

D. Phoenix sepsis score

E. CRIES neonatal pain score
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Clinical Features of RSTS
Physical features: Characteristic facial features include arched eyebrows, 

down-slanting palpebral fissures, low-hanging columella, and gri-
macing smile. Individuals often have broad thumbs and/or halluces.

Growth: Prenatal growth is usually normal, but most individuals have 
short stature caused by slow postnatal growth. Obesity may be seen 
during childhood or adolescence.

Development: Global developmental delay is typical with milder fea-
tures often seen in individuals with EP300 pathogenic variants. The 
average age of walking is 30 months and first words 25 months. 
Speech delay occurs in 90% of children and some remain nonverbal. 
Features of autism spectrum disorder, as well as impulsivity, dis-
tractibility, mood instability, and stereotypies can be seen.

Intellectual disability: This is in the moderate to severe range is typical 
for individuals with RSTS, with an IQ range of 25-79. Verbal ability 
is typically poorer than other skills.

Neurologic: Craniospinal and posterior fossa abnormalities, such as 
Chiari malformation or cervical cord compression, can be seen as 
well as seizures or abnormal electroencephalogram (EEG).

Eye findings: These can include refractory errors, ptosis, cataracts, 
coloboma, nystagmus, strabismus, and glaucoma.

Congenital heart defects: These are seen in ∼30% of individuals with 
RSTS. Common defects include atrial septal defect, ventricular  

septal defect, patent ductus arteriosus, coarctation of the aorta,  
pulmonary stenosis, aortic stenosis, and vascular ring.

Respiratory: Obstructive sleep apnea is common.
Genitourinary: Kidney anomalies include hydronephrosis and dupli-

cations. Many males have cryptorchidism.
Gastrointestinal: Feeding problems due to gastroesophageal reflux 

and constipation are common.
Musculoskeletal: Joint laxity, scoliosis, and vertebral abnormalities 

can be seen. Hypotonia is common.
Molecular diagnosis: This can be made using a gene panel (sequenc-

ing and deletion/duplication analyses of CREBBP and EP300). For 
individuals with clinical features with atypical RSTS features, exome 
sequencing is recommended.

 

CORNELIA DE LANGE SYNDROME
Cornelia de Lange syndrome (CdLS; MIM 122470) is character-
ized by craniofacial features including synophrys, high-arched 
eyebrows and thin downturned upper lip, hirsutism, intellectual 
disability, microcephaly, growth retardation, limb anomalies, such 
as micromelia, phocomelia, and oligodactyly, and several other sys-
temic abnormalities. Its population incidence is approximately 1 in 
50,000.

Molecular Mechanism of CdLS
CdLS is caused by pathogenic variants in genes encoding the struc-
tural and regulatory components of the cohesin complex. Variants 
have been found in NIPBL, HDAC8, RAD21, SMC1A, and SMC3 in 
CdLS. The cohesin complex is composed of SMC1A, SMC3, RAD21, 
and other subunits that comprise a ringlike structure that “embraces” 
chromatin. NIPBL encodes a protein that controls cohesin complex 
genome loading. The SMC3 component of the cohesin complex 
becomes acetylated once loaded onto the genome and is subsequently 
deacetylated by HDAC8 for cohesin protein recycling. Pathogenic 
variants in BRD4 are an infrequent cause of CdLS. Cohesin has shown 
to play a key role in transcriptional regulation, and global transcrip-
tional alterations due to cohesin dysfunction are thought to lead to 
the pathogenesis of CdLS.

NIPBL pathogenic variants are found in approximately 60% of the 
individuals with CdLS and are more likely to be identified in more 
severely (or “classically”) affected individuals, with loss-of-function 
variants resulting in a more severe phenotype. Pathogenic variants in 
SMC1A, SMC3, RAD21, HDAC8, and BRD4 can be found in 1–5% of 
the individuals with CdLS. Pathogenic variants in all related genes are 
typically acquired de novo, although instances of inherited variants 
from minimally affected mothers have been noted for the X-linked 
HDAC8 and SMC1A genes. 

Table 102.1    � Kabuki Phenotype Scoring List

CLINICAL FEATURES POSSIBLE SCORE FEATURES

Facial features 0-5 points (0-3 features = 1 point; 4-6 = 2 point; 
7-9 = 3 point; 10-12 = 4 point; 13-15 = 5 point)

Long palpebral fissures; everted lower eyelids; large dysplastic 
ears; arched eyebrows, sparse lateral one third; flat nasal tip; 
abnormal dentition; high/cleft palate; strabismus; blue sclera; 
micrognathia; ptosis; broad nasal root; oligodontia; thin  
upper and full lower lip; lip nodules

Limb/extremity features Up to 1 point (0-1 features = 0 point; 2-4 = 1 point) Persistent fetal pads; brachy- or clinodactyly; lax joints; hip 
dislocation

Microcephaly 1 point

Short stature 1 point

Heart 1 point

Kidney 1 point

Sum 0-10

From Wang YR, Xu NX, Wang J, Wang XM. Kabuki syndrome: review of the clinical features, diagnosis and epigenetic mechanisms. World J Pediatr. 2019;15:528–535. Table 1.

A B

Fig. 102.2  Rubinstein-Taybi syndrome. A, A 21-month-old child. Note 
the hirsutism, down-slanting palpebral fissures, maxillary hypoplasia, 
prominent nose with nasal septum extending below alae nasi, and low, 
posteriorly rotated ears. B, Broad thumbs with radial angulation and 
persistent fingertip pads. (A  courtesy Dr. Marilyn C. Jones, Children’s 
Hospital, San Diego, California; from Jones KL, Jones MC, Del Campo 
M, eds. Smith’s Recognizable Patterns of Human Malformation, 8th ed. 
Philadelphia: Elsevier; 2022, Fig. 1C, p. 108 and Fig. 2C, p. 109.)
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A neonate develops recurrent fasting hypoglycemia with concern for an inherited defect of
energy metabolism. Which disease category is listed in the metabolic differential?

A. Fatty acid oxidation disorders

B. Isolated dyslexia

C. Simple congenital myopia

D. Primary oppositional behavior

E. Transient tic disorder
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Lethargy, poor feeding, seizures, and coma may also be seen in infants 
with hypoglycemia (Table 104.4) (see Chapters 113 and 147), hypo-
calcemia (Chapters 69 and 611), and hyperammonemia (Table 104.5) 
(Chapter 105). Measurements of blood concentrations of glucose and 
calcium and prompt response to intravenous injection of glucose or 
calcium help guide the diagnostic decisions.

Every organ can be affected by metabolic disorders. However, 
physical examination usually reveals nonspecific findings; most signs 
are related to the central nervous system such as lethargy, coma, sei-
zures, hyperventilation, or opisthotonus. Hepatomegaly is a common 
finding in a variety of inborn errors of metabolism (Table 104.6). 
Cardiomyopathy (Table 104.7), dysmorphic features (Table 104.8), 

*Refer to Table 104.4 for more details on the metabolic disorders associated with neonatal hypoglycemia.
**Refer to Table 104.5 for more details on the differential diagnosis of neonatal and infantile hyperammonemia.
Modified from El-Hattab AW. Inborn errors of metabolism. Clin Perinatol. 2015;42:413–439, Box 1.

HYPERAMMONEMIA**
Urea cycle disorders
Organic acidemias
Fatty acid oxidation disorders
Disorders of pyruvate metabolism
GLUD1-related hyperinsulinemic hypoglycemia
Carbonic anhydrase VA deficiency

SEIZURES AND HYPOTONIA
Antiquitin deficiency (pyridoxine-dependent epilepsy)
Pyridoxamine 5′-phosphate oxidase (PNPO) deficiency (pyridoxal 

phosphate-responsive epilepsy)
Folate metabolism disorders
Multiple carboxylase deficiency (holocarboxylase synthetase 

deficiency and biotinidase deficiency)
Urea cycle disorders
Organic acidemias
Fatty acid oxidation disorders
Disorders of creatine biosynthesis and transport

Disorders of neurotransmitter metabolism
Molybdenum cofactor deficiency and sulfite oxidase deficiency
Serine deficiency disorders
Glycine encephalopathy
Asparagine synthetase deficiency
Mitochondrial respiratory chain defects
Zellweger spectrum disorders
Congenital disorders of glycosylation
Purine and pyrimidine metabolism defects

NEONATAL APNEA
Glycine encephalopathy
Asparagine synthetase deficiency
Urea cycle disorders
Organic acidemias
Disorders of pyruvate metabolism
Fatty acid oxidation defects
Mitochondrial respiratory chain defects

Table 104.3    � Select Inborn Errors of Metabolism Associated with Neurologic and Laboratory Manifestations in  
Neonates—cont’d

Table 104.4    � Select Inborn Errors of Metabolism Associated with Neonatal Hypoglycemia

Modified from Zinn AB. Inborn errors of metabolism. In: Martin RJ, Fanaroff AA, Walsh MC, eds. Fanaroff & Martin’s Neonatal-Perinatal Medicine: Diseases of the Fetus and Infant, 
10th ed. Philadelphia: Elsevier; 2015: Table 99.17, p. 1605.

CATEGORY OF  
DISORDERS DISORDERS

Fatty acid oxidation 
disorders

Carnitine-acylcarnitine translocase  
deficiency

Carnitine palmitoyltransferase Ia deficiency
Carnitine palmitoyltransferase II deficiency
Long-chain 3-hydroxyacyl-CoA 

dehydrogenase
Deficiency/trifunctional protein deficiency
Medium-chain acyl-CoA dehydrogenase 

deficiency
Very-long-chain acyl-CoA dehydrogenase 

deficiency
Multiple acyl-CoA dehydrogenase  

deficiency

Disorders of  
gluconeogenesis

Fructose-1,6-diphosphatase deficiency
Phosphoenolpyruvate carboxykinase 

deficiency

Disorders of fructose and 
galactose metabolism

Hereditary fructose intolerance
Classic galactosemia

Glycogen storage  
diseases (GSD)

GSD type Ia (glucose-6-phosphatase 
deficiency)

GSD type Ib (impaired glucose-6-phosphate 
exchanger)

GSD type III (glycogen debrancher enzyme 
deficiency)

GSD type VI (liver glycogen phosphorylase 
deficiency)

GSD type IX (phosphorylase kinase  
deficiencies)

CATEGORY OF  
DISORDERS DISORDERS

Disorders of ketone 
metabolism

3-Hydroxy-3-methylglutaryl-CoA lyase 
deficiency

Mitochondrial 3-hydroxy-3-methylglutaryl-CoA 
synthase deficiency

Succinyl-CoA:3-oxoacid-CoA transferase 
(SCOT) deficiency

β-Ketothiolase deficiency

Disorders of amino acid 
metabolism

Maple syrup urine disease

Organic acidemias Propionic acidemia
Methylmalonic acidemia
Isovaleric acidemia
Multiple carboxylase deficiency  

(holocarboxylase synthetase deficiency 
and biotinidase deficiency)

Hyperinsulinemic  
hypoglycemia

HADH-related disorder  
(3-alpha-hydroxyacyl-CoA  
dehydrogenase deficiency)

GLUD1-related disorder 
(hyperammonemia-hyperinsulinism  
syndrome [HIHA])

Other Mitochondrial respiratory chain defects
Neonatal intrahepatic cholestasis caused 

by citrin deficiency
Pyruvate carboxylase deficiency
Carbonic anhydrase VA deficiency
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A neonate with unexplained encephalopathy has marked hyperammonemia and no primary
liver failure. Which inborn-error category is central in the table's differential?

A. Urea-cycle defects

B. Isolated speech sound disorder

C. Turner syndrome

D. Uncomplicated iron deficiency

E. Primary vasovagal syncope
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Table 104.5    � Differential Diagnosis of Hyperammonemia

Modified from El-Hattab AW. Inborn errors of metabolism. Clin Perinatol. 2015;42:413–439, Box 8.

INBORN ERRORS OF METABOLISM
Urea Cycle Enzyme Defects
N-acetylglutamate synthase (NAGS) deficiency
Carbamoyl phosphate synthetase one (CPS1) deficiency
Ornithine transcarbamylase (OTC) deficiency
Argininosuccinate synthetase (ASS) deficiency (citrullinemia type 1)
Argininosuccinate lyase (ASL) deficiency (argininosuccinic aciduria)
Arginase 1 deficiency
Transport and Synthesis Defects of Urea Cycle Intermediates
Hyperornithinemia-hyperammonemia-homocitrullinemia (HHH 

syndrome)
Citrullinemia type 2 caused by citrin deficiency
Lysinuric protein intolerance
Ornithine aminotransferase deficiency
Carbonic anhydrase VA deficiency
Organic Acidemias
Propionic acidemia
MMUT-related methylmalonic acidemia and cobalamin metabolism 

disorders
Isovaleric acidemia
Fatty Acid Oxidation Disorders
Long-chain fatty acid oxidation defects
Systemic primary carnitine deficiency
Other
Pyruvate carboxylase deficiency
GLUD1-related hyperinsulinemic hypoglycemia
Neonatal iron overload disorders (e.g., hereditary hemochromatoses)

ACQUIRED DISORDERS
Transient Hyperammonemia of the Newborn
Diseases of the Liver and Biliary Tract
Liver failure
Biliary atresia
Severe Systemic Neonatal Illness
Neonates sepsis
Heart failure
Medications
Valproic acid
Cyclophosphamide
5-Pentanoic acid
Asparaginase
Other
Reye syndrome

ANATOMIC VARIANTS
Vascular bypass of the liver (e.g., a portosystemic anastomosis)

TECHNICAL
Inappropriate sample collection (e.g., capillary blood or prolonged 

placement of a tourniquet)
Sample not immediately analyzed

and fetal hydrops (Table 104.9) are additional potential manifesta-
tions of a metabolic disorder (Table 104.10). Occasionally, a pecu-
liar odor may offer an invaluable clue leading to the right diagnosis 
(Table 104.11).

In an increasing number of patients, a metabolic condition may be 
recognized months or years after birth. This is more typical in patients 
carrying milder autosomal recessive pathogenic variants, in mito-
chondrial disorders, in females affected by X-linked recessive condi-
tions, and specific metabolic conditions that usually present later in 
life. There may be an episodic or intermittent pattern, with episodes 
of acute clinical manifestations separated by periods of seemingly 
disease-free states. The episodes are usually triggered by stress or non-
specific catabolic stress such as an infection, overfeeding, prolonged 
fasting, or physical exertion. Thus an inborn error of metabolism 
should be considered in any child with one or more of the following 
unexplained clinical manifestations: failure to thrive; coarse facial 
features and reduced range of motion in the joints; developmental 
delay; intellectual disability; developmental regression; motor deficits 
or adventitious movements (e.g., dystonia, choreoathetosis, ataxia); 
seizures; catatonia; myopathy; intermittent episodes of unexplained 
vomiting, acidosis, mental deterioration, psychosis, or coma; hepato-
megaly; renal stones; renal dysfunction, especially Fanconi syndrome 
or renal tubular acidosis; cardiomyopathy; persistent leukopenia; 
megaloblastic anemia; and unusual odor (particularly during an acute 
illness) (Table 104.12).

Diagnosis usually requires a variety of specific laboratory studies. 
Plasma amino acid analysis, total plasma homocysteine, plasma acyl-
carnitine profile, total and free carnitine levels, and urine organic acid 
assay, although not exhaustive in their diagnostic scope, are useful as 
initial screening tests to evaluate for a suspected inborn error of metab-
olism. Measurements of plasma ammonia, glucose, lactate, bicarbon-
ate, and pH are readily available in hospitals and very helpful initially 
in differentiating major causes of genetic metabolic disorders (Table 
104.13 and Fig. 104.2). Elevation of blood ammonia is usually caused 
by defects of urea cycle enzymes, organic acidemias, and disorders of 
fatty acid oxidation. Infants with elevated blood ammonia levels from 

urea cycle defects tend to have normal serum pH and bicarbonate val-
ues; without measurement of blood ammonia, they may remain undi-
agnosed and succumb to their disease. In organic acidemias, elevated 
plasma ammonia is accompanied by severe acidosis caused by accumu-
lation of organic acids, ketone bodies, and lactate in body fluids.

When blood ammonia, pH, and bicarbonate values are normal, other 
aminoacidopathies (e.g., hyperglycinemia) or galactosemia should be 
considered. Galactosemic infants may also manifest cataracts, hepato-
megaly, ascites, and jaundice.

Currently, more targeted assays, such as those used with newborn 
screening, have the highest sensitivity in the diagnosis or monitoring of 
specific disorders in question. However, some success has been shown 
in the context of undiagnosed individuals where metabolomic (assays 
for entire small molecule metabolites) data can be correlated with 
genomic information to provide supporting evidence for a pathogenic 
variant in a suspected causal gene. 

TREATMENT
Most patients with genetic disorders of metabolism respond to one or 
more of the following treatments:
	1.	�Special diets play an important role in the treatment of affected chil-

dren. Dietary changes should be tailored to the pathophysiology of 
the condition and vary greatly among disorders.

	2.	�Hemodialysis for expeditious removal of accumulated noxious com-
pounds. This is a very effective modality for treatment of the acute 
phase of the condition.

	3.	�Catabolic states in patients at risk for metabolic crisis can be treated 
with fluids containing dextrose and electrolytes.

	4.	�Administration of the deficient metabolite.
	5.	�Administration of the cofactor or coenzyme to maximize the residu-

al enzyme activity.
	6.	�Activation of alternative pathways to reduce the noxious compounds 

accumulated because of the genetic abnormality.
	7.	�Administration of the deficient enzyme.
	8.	�Bone marrow transplantation.
	9.	�Liver and kidney transplantation.
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A critically ill newborn's urine has a sweet odor resembling maple syrup. Which amino-acid
metabolic disorder in the table should be considered?

A. Maple syrup urine disease

B. Isovaleric acidemia

C. Phenylketonuria

D. Trimethylaminuria

E. Primary ciliary dyskinesia
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Modified from Cederbaum S. Introduction to metabolic and biochemical genetic diseases. In: Gleason CA, Juul SE, eds. Avery’s Diseases of the Newborn, 10th ed. Philadelphia: 
Elsevier; 2018: Table 21.1, p. 227.

Table 104.10    � Physical Examination Findings Associated with Inborn Errors of Metabolism (Select Examples)—cont’d

FINDINGS DISORDERS

Corneal clouding or 
opacities

Mucolipidoses
Mucopolysaccharidoses
Steroid sulfatase deficiency
Tyrosinemia type II
Cystinosis

Cataracts Disorders of galactose metabolism (e.g.,  
classic galactosemia)

Congenital disorders of glycosylation
Mitochondrial respiratory chain (RC) defects
Peroxisomal disorders
Lowe oculocerebrorenal syndrome

Dislocated lens Cystathionine β-synthase deficiency
Molybdenum cofactor deficiency and sulfite 

oxidase deficiency

Skeletal dysplasias and 
dysostosis multiplex

Oligosaccharidoses and mucolipidoses
Mucopolysaccharidoses
Sphingolipidoses
Galactosialidosis
Peroxisomal disorders
Disorders of cholesterol biosynthesis
Congenital disorders of glycosylation

Thick skin Oligosaccharidoses and mucolipidoses
Mucopolysaccharidoses
Sphingolipidoses

Desquamating, 
eczematous, or 
vesiculobullous skin 
lesions

Acrodermatitis enteropathica
Essential amino acid deficiencies in organic 

acidemias
Hartnup disorder
Multiple carboxylase deficiency 

(holocarboxylase synthetase deficiency and 
biotinidase deficiency)

Porphyrias

FINDINGS DISORDERS

Ichthyosis Gaucher disease type 2
Steroid sulfatase deficiency
Refsum disease
ELOVL4-related disorder
Serine deficiency disorders

Alopecia Multiple carboxylase deficiency 
(holocarboxylase synthetase deficiency and 
biotinidase deficiency)

Steely or kinky hair Menkes disease

Trichorrhexis nodosa Argininosuccinic aciduria (ASL deficiency)

Megaloblastic anemia Cobalamin metabolism disorders
Folate metabolism disorders
Mevalonic aciduria
Orotic aciduria
Pearson syndrome

Leukopenia Folate metabolism disorders
Organic acidemias
Pearson syndrome

Persistent diarrhea Glucose-galactose malabsorption
Congenital lactase deficiency
Congenital chloride diarrhea
Sucrase-isomaltase deficiency
Acrodermatitis enteropathica
Abetalipoproteinemia
Congenital folate malabsorption
Wolman disease
Lysinuric protein intolerance
Classic galactosemia

Table 104.11    � Inborn Errors of Amino Acid Metabolism Associated with Peculiar Odor

INBORN ERROR OF METABOLISM URINE ODOR

Isovaleric acidemia
Glutaric acidemia (type II)

“Sweaty feet,” acrid

Maple syrup urine disease Maple syrup, burnt sugar

Multiple carboxylase deficiency
3-Methylcrotonyl-CoA carboxylase 

deficiency
3-Hydroxy-3-methylglutaric aciduria

Cat urine

Phenylketonuria Mousey or musty

INBORN ERROR OF METABOLISM URINE ODOR

Trimethylaminuria
Dimethylglycine dehydrogenase 

deficiency

Rotten fish

Tyrosinemia type 1 Boiled cabbage, rancid 
butter

Hypermethioninemia Boiled cabbage

Cystinuria
Tyrosinemia type I

Sulfur

Hawkinsinuria “Swimming pool”

Oasthouse urine disease Hopslike

In select inborn errors of metabolism, organ transplantation modali-
ties may offer the best treatment modality to stabilize a metabolic 
patient and improve quality of life. To date, replacement of the affected 
gene with a normal copy using gene therapy has been successful in only 
a few diseases.

Treatment of genetic disorders of metabolism is complex and 
requires medical and technical expertise. Effective treatment is best 
achieved by a team of specialists—metabolic genetics specialist, nutri-
tionist, neurologist, and psychologist—in a major medical center. The 

therapeutic regimen often needs to be tailored to the individual patient 
because of large phenotypic variations in the severity of the disease, 
even within a single family. Providing genetic counseling, education, 
and ongoing social services support for the family is the key to suc-
cessful long-term therapy. Even in patients with poor prognoses, every 
effort should be made to establish correct diagnoses premortem.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.
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A newborn has a sepsis-like illness and a previous sibling died from a similar unexplained
neonatal episode. Which diagnostic direction does the clinical-clues table support?

A. Urgent evaluation for an inherited metabolic disorder

B. Assume the family history is irrelevant

C. Postpone all investigation until school age

D. Diagnose an isolated speech disorder

E. Exclude metabolic disease because infection is possible

Original table 104.12  |  Nelson printed p. 811  |  PDF p. 857

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 29
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Hyperammonemia
Metabolic acidosis
Lactic acidosis
Ketosis

Hypoglycemia
Liver dysfunction
Pancytopenia

Table 104.13    � Laboratory Findings That Should Prompt a 
Metabolic Workup

Table 104.12    � Clinical Findings That Should Prompt a Metabolic Workup

Family history Sibling(s) who died from unexplained causes 
or exhibit overlapping symptoms

Ethnic groups with a high prevalence of 
metabolic disorders

Consanguinity

Perinatal history Intrauterine growth restriction, sepsis-like 
presentation in the neonatal period,  
nonimmune fetal hydrops

Growth Postnatal failure to thrive, microcephaly,  
macrocephaly, short stature

Central and  
peripheral nervous 
systems

Progressive encephalopathy, lethargy, coma, 
intractable seizures, developmental delay, 
developmental regression, intellectual  
disability, autism spectrum disorder, 
hypotonia, spasticity, dystonia, strokes, 
ataxia, psychosis, intracranial calcifications, 
white matter disease, peripheral 
neuropathy

Respiratory system Hyperventilation, apnea

Cardiovascular system Cardiac failure with or without  
cardiomyopathy, arrhythmia

Musculoskeletal 
system

Rhabdomyolysis, myopathy
Osteopenia, early-onset osteoporosis,  

skeletal dysplasia, epiphyseal  
abnormalities, bone crises

Eye Retinitis pigmentosa, macular dystrophy, 
cataracts, corneal opacities, nystagmus, 
cherry-red spot

Hearing Sensorineural hearing loss

Gastrointestinal 
system

Hepatomegaly, hepatic adenoma,  
splenomegaly, liver failure, Reye syndrome, 
cholestasis, cirrhosis, chronic diarrhea, 
vomiting, acute pancreatitis

Kidney Renal dysfunction, renal Fanconi syndrome, 
renal stones

Hematologic system Anemia, leukopenia, thrombocytopenia, 
pancytopenia, hemolytic-uremic syndrome

Skin Hair abnormality, alopecia, lipodystrophy, 
recalcitrant eczema

Fig. 104.2  Algorithm showing the initial clinical approach to a full-term newborn infant with a suspected genetic metabolic disorder. This schema 
is a guide to elucidate some of the metabolic disorders in newborn infants. Although some exceptions to this schema exist, it is appropriate for most 
cases affected by disorders or intermediate metabolism. CNS, Central nervous system; GI, gastrointestinal; HCO3

−, bicarbonate.

Initial findings include
one or more of the following:
a) Poor feeding
b) Vomiting (not due to GI anomalies)
c) Lethargy
d) Convulsion
e) Coma

Obtain
plasma ammonia

Obtain
blood pH, CO2, HCO3

�
 

Obtain
blood pH, CO2, HCO3

�
 

High Normal

Normal anion gapNormal anion gap

Acidosis

Aminoacidopathies
or galactosemiaOrganic acidemias

High anion gap

Urea cycle defects

Infection, trauma, CNS anomalies

Not responsive to
intravenous glucose, calcium or vitamin B6

{

Metabolic disorder
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A lethargic infant has unexplained hyperammonemia, hypoglycemia, and metabolic acidosis.
What does the laboratory-clues table suggest?

A. Prompt metabolic evaluation

B. Routine vision screening only

C. A benign isolated behavioral problem

D. No need for urgent testing

E. Uncomplicated pubertal change
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Metabolic Workup

Table 104.12    � Clinical Findings That Should Prompt a Metabolic Workup

Family history Sibling(s) who died from unexplained causes 
or exhibit overlapping symptoms

Ethnic groups with a high prevalence of 
metabolic disorders

Consanguinity

Perinatal history Intrauterine growth restriction, sepsis-like 
presentation in the neonatal period,  
nonimmune fetal hydrops

Growth Postnatal failure to thrive, microcephaly,  
macrocephaly, short stature

Central and  
peripheral nervous 
systems

Progressive encephalopathy, lethargy, coma, 
intractable seizures, developmental delay, 
developmental regression, intellectual  
disability, autism spectrum disorder, 
hypotonia, spasticity, dystonia, strokes, 
ataxia, psychosis, intracranial calcifications, 
white matter disease, peripheral 
neuropathy

Respiratory system Hyperventilation, apnea

Cardiovascular system Cardiac failure with or without  
cardiomyopathy, arrhythmia

Musculoskeletal 
system

Rhabdomyolysis, myopathy
Osteopenia, early-onset osteoporosis,  

skeletal dysplasia, epiphyseal  
abnormalities, bone crises

Eye Retinitis pigmentosa, macular dystrophy, 
cataracts, corneal opacities, nystagmus, 
cherry-red spot

Hearing Sensorineural hearing loss

Gastrointestinal 
system

Hepatomegaly, hepatic adenoma,  
splenomegaly, liver failure, Reye syndrome, 
cholestasis, cirrhosis, chronic diarrhea, 
vomiting, acute pancreatitis

Kidney Renal dysfunction, renal Fanconi syndrome, 
renal stones

Hematologic system Anemia, leukopenia, thrombocytopenia, 
pancytopenia, hemolytic-uremic syndrome

Skin Hair abnormality, alopecia, lipodystrophy, 
recalcitrant eczema

Fig. 104.2  Algorithm showing the initial clinical approach to a full-term newborn infant with a suspected genetic metabolic disorder. This schema 
is a guide to elucidate some of the metabolic disorders in newborn infants. Although some exceptions to this schema exist, it is appropriate for most 
cases affected by disorders or intermediate metabolism. CNS, Central nervous system; GI, gastrointestinal; HCO3

−, bicarbonate.
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A newborn has profound hyperammonemia, low citrulline, and elevated glutamine. Which
category in the enzyme table should be considered?

A. Proximal urea-cycle disorder

B. Isolated glycogen storage disease

C. Classic lactose intolerance

D. Phenylketonuria alone

E. Primary hypothyroidism
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Routine laboratory studies show no specific findings when hyper-
ammonemia is caused by defects of the urea cycle enzymes. Blood urea 
nitrogen is usually low-normal or low in these patients. Some patients 
may initially present with unexplained elevated serum alanine trans-
aminase (ALT) and aspartate transaminase (AST) and even meet the 
criteria for acute liver failure. In infants with organic acidemias, hyper-
ammonemia is commonly associated with severe acidosis and ketonu-
ria. Newborn infants with hyperammonemia are often misdiagnosed 
as having sepsis; they may succumb without a correct diagnosis. Neu-
roimaging may reveal cerebral edema. Autopsy may reveal microve-
sicular steatosis, mild cholestasis, and fibrosis of the liver. Thus because 
of the nonspecific presentation or urea cycle disorders, it is impera-
tive to measure plasma ammonia levels in any ill infant with severe 
sepsis, unexplained liver dysfunction, recurrent emesis, or progressive 
encephalopathy. 

DIAGNOSIS
The main criterion for diagnosis is hyperammonemia. Each clinical 
laboratory should establish its own normal values for blood ammonia. 

Normal newborn values are higher than those of the older child or 
adult. Occasionally, levels as high as 100 μmol/L can occur in healthy 
term infants. An ill infant usually manifests a blood ammonia level 
>150 μmol/L. Figure 105.14 illustrates an approach to the differential 
diagnosis of hyperammonemia in the newborn infant. Careful inspec-
tion of individual plasma amino acid profiles usually reveals abnormal-
ities that assist in diagnosis. In patients with deficiencies of CPS1, OTC, 
or NAGS, frequent findings include elevations in plasma glutamine 
and alanine with concurrent decrements in citrulline and arginine. 
These disorders cannot be differentiated from one another by plasma 
amino acid levels alone. A marked increase in urinary orotic acid in 
patients with OTC deficiency helps differentiate this defect from CPS1 
deficiency (see Table 105.4). Differentiation between the CPS1 defi-
ciency and the NAGS deficiency may require molecular analysis of 
the relevant genes or, infrequently, an assay of the respective enzyme. 
Significant clinical improvement occurring after oral administra-
tion of carbamylglutamate, however, supports the diagnosis of NAGS 
deficiency. Patients with a deficiency of ASS, ASL, or arginase 1 have 
marked increases in the plasma levels of citrulline, argininosuccinic 

Table 105.4    � The Urea Cycle Disorders

ENZYME OR 
TRANSPORTER 
DEFICIENCY

GENE  
(INHERITANCE) INCIDENCE

CLINICAL  
MANIFESTATIONS

AMINO ACIDS (PLASMA, 
UNLESS OTHERWISE 

INDICATED)
URINE ORGANIC 

ACIDS

N-Acetylglutamate 
synthetase

MIM 237310

NAGS
(AR)

<1:2,000,000 Acute episodic hyperammonemia
Late-onset presentations

↓ Citrulline
↓ Arginine
↑ Glutamine

Unremarkable

Carbamyl phosphate 
synthetase I

MIM 237300

CPS1
(AR)

1:1,300,000 Acute episodic hyperammonemia
Late-onset presentations

↓ Citrulline
↓ Arginine
↑ Glutamine

Unremarkable

Ornithine 
transcarbamylase

MIM 311250

OTC
(XL)

1:56,500 Acute episodic hyperammonemia
Late-onset presentations

↓ Citrulline
↓ Arginine
↑ Glutamine

↑↑ Orotic acid

Argininosuccinate 
synthetase

MIM 215700

ASS1
(AR)

1:250,000 Acute episodic hyperammonemia
Late-onset presentations

↑↑ Citrulline
↑ Glutamine
↓ Arginine

N-to-↑ orotic acid

Argininosuccinate 
lyase

MIM 207900

ASL
(AR)

1:218,750 Acute episodic hyperammonemia
Late-onset presentations
↑ Neurodevelopmental issues
Chronic liver disease
Trichorrhexis nodosa

↑ Argininosuccinate and 
anhydrides

↑ Glutamine
↑ Citrulline
↓ Arginine

N-to-↑ orotic acid

Arginase
MIM 207800

ARG1
(AR)

1:950,000 Progressive spasticity (LL > UL)
Usually mild ID
Hyperammonemia (rare)

↑ Arginine N-to-↑ orotic acid

Citrin
MIM 605814, 603471

SLC25A13
(AR)

<1:2,000,000 NICCD
Intrahepatic cholestasis
Poor growth
Spontaneous improvement by 1 

yr of age
FTTDCD
Failure to thrive
Dyslipidemia
Chronic liver disease
Citrullinemia type II
Acute episodic hyperammonemia
Neuropsychologic manifestations

↑ Citrulline
↑ Arginine
↑ Methionine
↑ Threonine

Unremarkable

Ornithine 
transporter

MIM 238970

SLC25A15
(AR)

<1:2,000,000 Acute episodic hyperammonemia
Liver failure (with or without 

hyperammonemia)
Recurrent vomiting
Neurologic presentation (e.g., DD, 

spasticity)
Recurrent

↑ Ornithine
↑ Glutamine
↔-to-↓ citrulline
↑ Urine homocitrulline

N-to-↑ orotic acid

AR, Autosomal recessive; DD, developmental delay; FTTDCD, failure to thrive and dyslipidemia caused by citrin deficiency; IV, intravenous; LL, lower limb; NICCD, neonatal  
intrahepatic cholestasis caused by citrin deficiency; UL, upper limb; XL, X-linked.

From Rossignol F, Ah Mew N, Meltzer MR, Gropman AL. Urea cycle disorders. In: Rosenberg RN, Pascual JM, eds. Rosenberg’s Molecular and Genetic Basis of Neurological and 
Psychiatric Disease, 6th ed. Vol. 1. London: Elsevier; 2020: Table 61.1.
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A neonate has severe hyperammonemia with metabolic acidosis and ketosis. Which
non-urea-cycle category in the table deserves assessment?

A. Organic acidemia

B. Simple vasovagal syncope

C. Isolated speech disorder

D. Uncomplicated vitamin A deficiency

E. Allergic rhinitis
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acid, or arginine, respectively. The combination of hyperammonemia 
and marked hypercitrullinemia or argininosuccinic acidemia is virtu-
ally pathognomonic for these disorders. Additional clinical clues may 
come from the past medical history. Children with urea cycle defects 
often self-select a low-protein, high-carbohydrate diet, especially those 
with late-onset disease or symptomatic females with partial OTC 
deficiency.

Because of the nonspecific clinical and laboratory findings, mass 
screening of newborn infants has been implemented in many countries, 
which can identify patients with ASS, ASL, and arginase 1 deficiencies. 

TREATMENT OF ACUTE HYPERAMMONEMIA
The clinical outcome depends mainly on the severity and the duration 
of hyperammonemia. Serious neurologic sequelae are likely in new-
borns with severe elevations in blood ammonia (>300 μmol/L) lasting 
more than 12 hours. Thus acute hyperammonemia should be treated 
promptly and vigorously. The goal of therapy is to lower the concen-
tration of ammonia. This is accomplished by (1) temporarily restrict-
ing dietary sources of ammonia (protein), (2) minimizing endogenous 
protein breakdown and favoring endogenous protein synthesis by pro-
viding adequate calories and essential amino acids, and (3) removal 
of ammonia from the body in a form other than urea (Table 105.6). 
Fluid, electrolytes, glucose (10–15%), and lipids (1-2 g/kg/day) should 
be infused intravenously, together with minimal amounts of protein 
(0.25 g/kg/day), preferably including essential amino acids. Oral feed-
ing with a low-protein formula (0.5-1.0 g/kg/day) through a nasogas-
tric tube should be started as soon as sufficient improvement is seen.

Because the kidneys clear ammonia poorly, its removal from the 
body must be expedited by formation of compounds with a high renal 
clearance. An important advance in the treatment of hyperammonemia 
has been the introduction of nitrogen scavenging therapy by using 
an exogenous organic acid that conjugates to endogenous nonessen-
tial amino acids (glycine and glutamine) to form nontoxic compounds 
with high renal clearance. The main organic acids used for this pur-
pose are sodium salts of benzoic acid and phenylacetic acid. Benzoate 
forms hippurate through enzymatic conjugation with endogenous gly-
cine in the liver (see Fig. 105.13). Each mole of benzoate removes one 
mole of ammonia as glycine. Phenylacetate enzymatically conjugates 
with glutamine to form phenylacetylglutamine readily excreted in the 
urine. One mole of phenylacetate can remove two moles of ammonia 

as glutamine from the body (see Fig. 105.13). Sodium phenylbutyr-
ate, metabolized to phenylacetate, is the primary oral formulation. For 
intravenous (IV) use, a combined formulation of benzoate and phenyl-
acetate (Ammonul) is commercially available.

Another valuable therapeutic adjunct is IV infusion of arginine, 
which is effective in all patients except those with arginase deficiency. 
Arginine administration supplies the urea cycle with ornithine (see 
Fig. 105.13). In patients with citrullinemia, one mole of arginine reacts 
with one mole of ammonia as carbamoyl phosphate to form citrulline. 
In patients with argininosuccinic acidemia, two moles of ammonia 
(as carbamoyl phosphate and aspartate) react with arginine to form 
argininosuccinic acid. Citrulline and arginosuccinate are less toxic 
than ammonia and more readily excreted by the kidneys. In patients 
with CPS1 or OTC deficiencies, arginine administration is indicated 
because this amino acid is not produced in sufficient amounts to enable 
endogenous protein synthesis. For enteral therapy, patients with OTC 
deficiency benefit from supplementation with citrulline (200 mg/kg/
day) because one mole of citrulline reacts with one mole of ammonia 
(through aspartic acid) to form arginine. Administration of arginine 
or citrulline is contraindicated in patients with arginase deficiency, a 
rare condition in which the spastic diplegia is a much more common 
presenting feature rather than hyperammonemia. Arginine therapy is 
of no benefit if hyperammonemia is secondary to an organic acidemia. 
In a newborn infant with an initial episode of hyperammonemia, argi-
nine should be used until the diagnosis is established (see Table 105.6).

Benzoate, phenylacetate, and arginine may be administered together 
for maximal therapeutic effect. A priming dose of these compounds 
is followed by continuous infusion until recovery from the acute state 
occurs. Both benzoate and phenylacetate are usually supplied as con-
centrated solutions and should be properly diluted (1–2% solution) 
for IV use. The recommended therapeutic doses of both compounds 
deliver a substantial amount of sodium to the patient; this amount 
should be included in the calculation of the daily sodium requirement. 
Benzoate and phenylacetate (or the combined formulation) should be 
used with caution in newborn infants with hyperbilirubinemia because 
they may displace bilirubin from albumin; however, there are no docu-
mented cases of kernicterus (see Chapter 123.4) reported in neonates 
with hyperammonemia who have received such therapies. In infants at 
risk, it is advisable to monitor and manage bilirubin levels while con-
sidering IV administration of benzoate or phenylacetate.

If the initial ammonia level is <500 μmol/L and if the foregoing ther-
apies fail within 4-6 hours to produce any appreciable change in the 
blood ammonia level, hemodialysis should be considered. For patients 

Table 105.5    � Inborn Errors of Metabolism Causing  
Hyperammonemia

DEFICIENCIES OF THE UREA CYCLIC ENZYMES
Carbamyl phosphate synthetase 1
Ornithine transcarbamylase
Argininosuccinate synthetase
Argininosuccinate lyase
Arginase 1
N-acetylglutamate synthetase

ORGANIC ACIDEMIA
Propionic acidemia
Methylmalonic acidemia
Isovaleric acidemia
β-Ketothiolase deficiency
Multiple carboxylase deficiencies
Medium-chain fatty acid acyl-CoA dehydrogenase deficiency
Glutaric acidemia type I
3-Hydroxy-3-methylglutaric aciduria

OTHERS
Lysinuric protein intolerance
Hyperammonemia-hyperornithinemia-homocitrullinemia syndrome
Transient hyperammonemia of the newborn
Congenital hyperinsulinism with hyperammonemia
Carbonic anhydrase VA deficiency

Table 105.6    � Treatment of Acute Hyperammonemia in an 
Infant

	1.	� Provide adequate calories, fluid, and electrolytes intravenously 
(10% glucose, NaCl* and intravenous lipids 1 g/kg/day). Add minimal 
amounts of protein, preferably as a mixture of essential amino 
acids (0.25 g/kg/day) during the first 24 hr of therapy.

	2.	� Give priming doses of the following compounds (to be added to 
20 mL/kg of 10% glucose and infused within 1-2 hr):

	 •	 �Sodium benzoate 250 mg/kg†

	 •	 �Sodium phenylacetate 250 mg/kg†

	 •	 �Arginine hydrochloride 200-600 mg/kg as a 10% solution
	3.	� Continue infusion of sodium benzoate† (250-500 mg/kg/day), sodium 

phenylacetate† (250-500 mg/kg/day), and arginine (200-600 mg/kg/
day‡) following the above priming doses. These compounds should 
be added to the daily intravenous fluid.

	4.	� Initiate peritoneal dialysis or hemodialysis if above treatment fails 
to produce an appreciable decrease in plasma ammonia.

*The concentration of sodium chloride should be calculated to be 0.45–0.9%, including 
the amount of the sodium in the drugs.

†Sodium from these drugs should be included as part of the daily sodium requirement.
‡The higher dose of the range is recommended in the treatment of patients with  

citrullinemia and argininosuccinic aciduria. Arginine is not recommended in patients 
with arginase deficiency and in those whose hyperammonemia is secondary to 
organic acidemia. Sodium benzoate and sodium phenylacetate should be used with 
caution in patients with organic acidemias.
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A critically ill infant has an acute hyperammonemic crisis. Which immediate metabolic strategy
is included in the table?

A. Provide intravenous calories while suppressing catabolism and initiate ammonia-removal therapy

B. Prolong fasting to reduce substrate supply

C. Provide unrestricted protein alone

D. Delay treatment until genetic sequencing returns

E. Use no fluid or electrolyte support
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acid, or arginine, respectively. The combination of hyperammonemia 
and marked hypercitrullinemia or argininosuccinic acidemia is virtu-
ally pathognomonic for these disorders. Additional clinical clues may 
come from the past medical history. Children with urea cycle defects 
often self-select a low-protein, high-carbohydrate diet, especially those 
with late-onset disease or symptomatic females with partial OTC 
deficiency.

Because of the nonspecific clinical and laboratory findings, mass 
screening of newborn infants has been implemented in many countries, 
which can identify patients with ASS, ASL, and arginase 1 deficiencies. 

TREATMENT OF ACUTE HYPERAMMONEMIA
The clinical outcome depends mainly on the severity and the duration 
of hyperammonemia. Serious neurologic sequelae are likely in new-
borns with severe elevations in blood ammonia (>300 μmol/L) lasting 
more than 12 hours. Thus acute hyperammonemia should be treated 
promptly and vigorously. The goal of therapy is to lower the concen-
tration of ammonia. This is accomplished by (1) temporarily restrict-
ing dietary sources of ammonia (protein), (2) minimizing endogenous 
protein breakdown and favoring endogenous protein synthesis by pro-
viding adequate calories and essential amino acids, and (3) removal 
of ammonia from the body in a form other than urea (Table 105.6). 
Fluid, electrolytes, glucose (10–15%), and lipids (1-2 g/kg/day) should 
be infused intravenously, together with minimal amounts of protein 
(0.25 g/kg/day), preferably including essential amino acids. Oral feed-
ing with a low-protein formula (0.5-1.0 g/kg/day) through a nasogas-
tric tube should be started as soon as sufficient improvement is seen.

Because the kidneys clear ammonia poorly, its removal from the 
body must be expedited by formation of compounds with a high renal 
clearance. An important advance in the treatment of hyperammonemia 
has been the introduction of nitrogen scavenging therapy by using 
an exogenous organic acid that conjugates to endogenous nonessen-
tial amino acids (glycine and glutamine) to form nontoxic compounds 
with high renal clearance. The main organic acids used for this pur-
pose are sodium salts of benzoic acid and phenylacetic acid. Benzoate 
forms hippurate through enzymatic conjugation with endogenous gly-
cine in the liver (see Fig. 105.13). Each mole of benzoate removes one 
mole of ammonia as glycine. Phenylacetate enzymatically conjugates 
with glutamine to form phenylacetylglutamine readily excreted in the 
urine. One mole of phenylacetate can remove two moles of ammonia 

as glutamine from the body (see Fig. 105.13). Sodium phenylbutyr-
ate, metabolized to phenylacetate, is the primary oral formulation. For 
intravenous (IV) use, a combined formulation of benzoate and phenyl-
acetate (Ammonul) is commercially available.

Another valuable therapeutic adjunct is IV infusion of arginine, 
which is effective in all patients except those with arginase deficiency. 
Arginine administration supplies the urea cycle with ornithine (see 
Fig. 105.13). In patients with citrullinemia, one mole of arginine reacts 
with one mole of ammonia as carbamoyl phosphate to form citrulline. 
In patients with argininosuccinic acidemia, two moles of ammonia 
(as carbamoyl phosphate and aspartate) react with arginine to form 
argininosuccinic acid. Citrulline and arginosuccinate are less toxic 
than ammonia and more readily excreted by the kidneys. In patients 
with CPS1 or OTC deficiencies, arginine administration is indicated 
because this amino acid is not produced in sufficient amounts to enable 
endogenous protein synthesis. For enteral therapy, patients with OTC 
deficiency benefit from supplementation with citrulline (200 mg/kg/
day) because one mole of citrulline reacts with one mole of ammonia 
(through aspartic acid) to form arginine. Administration of arginine 
or citrulline is contraindicated in patients with arginase deficiency, a 
rare condition in which the spastic diplegia is a much more common 
presenting feature rather than hyperammonemia. Arginine therapy is 
of no benefit if hyperammonemia is secondary to an organic acidemia. 
In a newborn infant with an initial episode of hyperammonemia, argi-
nine should be used until the diagnosis is established (see Table 105.6).

Benzoate, phenylacetate, and arginine may be administered together 
for maximal therapeutic effect. A priming dose of these compounds 
is followed by continuous infusion until recovery from the acute state 
occurs. Both benzoate and phenylacetate are usually supplied as con-
centrated solutions and should be properly diluted (1–2% solution) 
for IV use. The recommended therapeutic doses of both compounds 
deliver a substantial amount of sodium to the patient; this amount 
should be included in the calculation of the daily sodium requirement. 
Benzoate and phenylacetate (or the combined formulation) should be 
used with caution in newborn infants with hyperbilirubinemia because 
they may displace bilirubin from albumin; however, there are no docu-
mented cases of kernicterus (see Chapter 123.4) reported in neonates 
with hyperammonemia who have received such therapies. In infants at 
risk, it is advisable to monitor and manage bilirubin levels while con-
sidering IV administration of benzoate or phenylacetate.

If the initial ammonia level is <500 μmol/L and if the foregoing ther-
apies fail within 4-6 hours to produce any appreciable change in the 
blood ammonia level, hemodialysis should be considered. For patients 

Table 105.5    � Inborn Errors of Metabolism Causing  
Hyperammonemia

DEFICIENCIES OF THE UREA CYCLIC ENZYMES
Carbamyl phosphate synthetase 1
Ornithine transcarbamylase
Argininosuccinate synthetase
Argininosuccinate lyase
Arginase 1
N-acetylglutamate synthetase

ORGANIC ACIDEMIA
Propionic acidemia
Methylmalonic acidemia
Isovaleric acidemia
β-Ketothiolase deficiency
Multiple carboxylase deficiencies
Medium-chain fatty acid acyl-CoA dehydrogenase deficiency
Glutaric acidemia type I
3-Hydroxy-3-methylglutaric aciduria

OTHERS
Lysinuric protein intolerance
Hyperammonemia-hyperornithinemia-homocitrullinemia syndrome
Transient hyperammonemia of the newborn
Congenital hyperinsulinism with hyperammonemia
Carbonic anhydrase VA deficiency

Table 105.6    � Treatment of Acute Hyperammonemia in an 
Infant

	1.	� Provide adequate calories, fluid, and electrolytes intravenously 
(10% glucose, NaCl* and intravenous lipids 1 g/kg/day). Add minimal 
amounts of protein, preferably as a mixture of essential amino 
acids (0.25 g/kg/day) during the first 24 hr of therapy.

	2.	� Give priming doses of the following compounds (to be added to 
20 mL/kg of 10% glucose and infused within 1-2 hr):

	 •	 �Sodium benzoate 250 mg/kg†

	 •	 �Sodium phenylacetate 250 mg/kg†

	 •	 �Arginine hydrochloride 200-600 mg/kg as a 10% solution
	3.	� Continue infusion of sodium benzoate† (250-500 mg/kg/day), sodium 

phenylacetate† (250-500 mg/kg/day), and arginine (200-600 mg/kg/
day‡) following the above priming doses. These compounds should 
be added to the daily intravenous fluid.

	4.	� Initiate peritoneal dialysis or hemodialysis if above treatment fails 
to produce an appreciable decrease in plasma ammonia.

*The concentration of sodium chloride should be calculated to be 0.45–0.9%, including 
the amount of the sodium in the drugs.

†Sodium from these drugs should be included as part of the daily sodium requirement.
‡The higher dose of the range is recommended in the treatment of patients with  

citrullinemia and argininosuccinic aciduria. Arginine is not recommended in patients 
with arginase deficiency and in those whose hyperammonemia is secondary to 
organic acidemia. Sodium benzoate and sodium phenylacetate should be used with 
caution in patients with organic acidemias.
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A neonate has a suspected Zellweger spectrum disorder. Which gene group in the peroxisomal
classification table is involved in peroxisome biogenesis?

A. PEX genes

B. FMR1 only

C. CFTR only

D. HBB only

E. DMD only

Original table 106.2  |  Nelson printed p. 866  |  PDF p. 912
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and branched-chain fatty acid metabolism. The peroxisome biogenesis 
machinery then recognizes, binds, and targets PTS-containing proteins 
to the peroxisome. This process involves a complex series of reactions 
mediated by at least 23 distinct proteins. These proteins, referred to as 
peroxins, are encoded by the PEX genes. Pathogenic genetic variants in 
these genes are the cause of PBDs. 

Epidemiology
Except for X-linked adrenoleukodystrophy (ALD), all the peroxisomal 
disorders listed in Table 106.2 are inherited as autosomal recessive dis-
eases. ALD is the most common peroxisomal disorder, with an esti-
mated incidence of 1 in 17,000 live births. The combined incidence 
of the other peroxisomal disorders is estimated to be 1 in 50,000 live 
births, although with broader newborn screening, it is expected that 
the actual incidences of all the disorders of VLCFAs will be more accu-
rately established. 

Pathology
Absence or reduction in the number of peroxisomes is pathogno-
monic for disorders of peroxisome biogenesis. In most cases, a close 
examination of cells in these patients reveals membranous sacs that 
lack the normal complement of matrix proteins; these are peroxisome 
“ghosts,” and they indicate the inability of the cell to properly localize 
peroxisomal proteins. Pathologic changes are observed in most organs 
and include profound and characteristic defects in neuronal migra-
tion, micronodular cirrhosis of the liver, renal cysts, chondrodysplasia 
punctata, sensorineural hearing loss, retinopathy, congenital heart dis-
ease, and dysmorphic features. 

Pathogenesis
Clinical pathologic changes of the PBDs are secondary to the under-
lying peroxisome biogenesis defect. As a result, multiple peroxisomal 
enzymes fail to function in the PBDs (Table 106.3). PBDs include the 
Zellweger spectrum disorders (PBD-ZSD) and one form of rhizomelic 
chondrodysplasia punctata (PBD-RCDP), which are distinguished by 
clinical phenotype and differences in the extent of biogenesis abnor-
mality. In PBDs, enzymes that are synthesized cannot be properly 
located to the peroxisome and are thus degraded abnormally quickly 
because they are unprotected outside the peroxisome. However, it has 
yet to be clarified as to how specific peroxisome defects lead to each of 
the pathologic manifestations.

Pathogenic variants in 14 different PEX genes have been identi-
fied in PBDs. For PBD-RCDP, PEX7 pathogenic variants are the most 

common, but rarer PEX5 pathogenic variants are seen. The pattern 
and severity of pathologic features vary with the nature of the import 
defects and the degree of import impairment leading to the severity 
spectrum of PBD-ZSD. These gene defects lead to disorders named 
prior to recognizing their relationship to the peroxisome, namely, Zell-
weger syndrome, neonatal ALD, infantile Refsum disease, and RCDP. 
The first three disorders are considered to be a form of clinical continuum, 
with Zellweger syndrome the most severe (severe PBD-ZSD), infantile 
Refsum disease the least severe (mild PBD-ZSD), and neonatal ALD 
being intermediate (intermediate PBD-ZSD). For PBD-ZSD, 13 genes 
can be affected to result in autosomal recessive disease (PEX1, PEX2, 
PEX3, PEX5, PEX6, PEX10, PEX11B, PEX12, PEX13, PEX14, PEX16, 
PEX19, PEX26). Specific gene defects cannot be distinguished by clini-
cal features. Clinical severity varies with the degree to which protein 
import is impaired. Pathogenic variants that completely abolish import 
are often associated with the severe PBD-ZSD or Zellweger phenotype, 
whereas a missense variant, in which some degree of import function 
is retained, leads to the somewhat milder presentations. A defect in 
PEX7 or, very rarely, PEX5, which depend on peroxisomal import that 
use PTS2, is associated with RCDP. PEX7 defects that leave the import 
partially intact are associated with milder phenotypes, some of which 
resemble classic (adult) Refsum disease.

The genetic disorders that involve single peroxisomal enzymes usu-
ally have clinical manifestations that are more restricted and relate to 
the single biochemical defect. The primary adrenal insufficiency of 
ALD is caused by an accumulation of VLCFAs in the adrenal cortex, 
and the peripheral neuropathy in adult Refsum disease is caused by the 
accumulation of phytanic acid in Schwann cells and myelin.

PBD-ZSD
Newborn infants with severe PBD-ZSD, previously described as Zellweger 
syndrome, show striking and consistent recognizable abnormalities.  
Of central diagnostic importance are the typical facial appearance (large 
anterior fontanelle, wide sutures, high forehead, hypoplastic supraorbital 
ridges, flat face, and broad nasal bridge; Fig. 106.3), severe weakness 
and hypotonia, neonatal seizures, and eye abnormalities. Because of 
the hypotonia and craniofacial appearance, Down syndrome may be 
suspected in neonates. Infants with severe PBD-ZSD rarely live more 
than a few months. More than 90% show postnatal growth failure. 
Table 106.4 lists the main clinical abnormalities.

Patients with intermediate PBD-ZSD, previously described as neonatal 
ALD, show fewer, less prominent craniofacial features. Neonatal 
seizures occur frequently. Psychomotor developmental delay is pres-
ent; function remains in the range of severe intellectual disability, and 
development may regress after 3-5 years of age, likely from progressive 
leukodystrophy. Hepatomegaly, impaired liver function, pigmentary 
degeneration of the retina, and severely impaired hearing are invariably 
present. Adrenocortical function is usually impaired and may require 
adrenal hormone replacement. Chondrodysplasia punctata and renal 
cysts are absent.

Patients with mild PBD-ZSD, previously described as infantile 
Refsum disease, have survived to adulthood. They can walk, although 
gait may be ataxic and broad based. Cognitive function is generally 

Table 106.2    � Peroxisomal Disorder Classification,  
Disorders, and Genes

PEROXISOMAL BIOGENESIS  
DISORDERS GENES

Peroxisome biogenesis disorder–Zellweger 
spectrum disorders (PBD-ZSD)
Zellweger syndrome (severe PBD-ZSD)

Neonatal adrenoleukodystrophy 
(intermediate PBD-ZSD)

Infantile Refsum disease (mild PBD-ZSD)

PEX1, PEX2, PEX3, PEX5, 
PEX6, PEX10, PEX11B, 
PEX12, PEX13, PEX14, 
PEX16, PEX19, PEX26

Rhizomelic chondrodysplasia punctata, 
types 1 and 5 (RCDP1 and RCDP5)

PEX7 and PEX5, 
respectively

SINGLE-ENZYME DEFECTS
X-linked adrenoleukodystrophy ABCD1

Acyl-CoA oxidase deficiency ACOX1

D-Bifunctional protein deficiency HSD17B4

2-Methylacyl-CoA racemase deficiency AMACR

Rhizomelic chondrodysplasia punctata, 
types 2 and 3 (RCDP2 and RCDP3)

AGPS, GNPAT

Adult Refsum disease PHYH

Table 106.3    � Abnormal Laboratory Findings Common to 
Zellweger Spectrum Disorders

Defective oxidation and abnormal accumulation of very long chain 
fatty acids

Peroxisomes absent to reduced in number
Catalase in cytosol
Deficient synthesis and reduced tissue levels of plasmalogens
Deficient oxidation and age-dependent accumulation of phytanic 

acid
Defects in certain steps of bile acid formation and accumulation of 

bile acid intermediates
Defects in oxidation and accumulation of l-pipecolic acid
Increased urinary excretion of dicarboxylic acids
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A child with suspected Zellweger spectrum disorder undergoes biochemical testing. Which
abnormality from the table is most characteristic?

A. Accumulation of very-long-chain fatty acids

B. Marked depletion of all serum sodium in every case

C. Excess phenylalanine alone

D. Low blood lead alone

E. Isolated low serum urate
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and branched-chain fatty acid metabolism. The peroxisome biogenesis 
machinery then recognizes, binds, and targets PTS-containing proteins 
to the peroxisome. This process involves a complex series of reactions 
mediated by at least 23 distinct proteins. These proteins, referred to as 
peroxins, are encoded by the PEX genes. Pathogenic genetic variants in 
these genes are the cause of PBDs. 

Epidemiology
Except for X-linked adrenoleukodystrophy (ALD), all the peroxisomal 
disorders listed in Table 106.2 are inherited as autosomal recessive dis-
eases. ALD is the most common peroxisomal disorder, with an esti-
mated incidence of 1 in 17,000 live births. The combined incidence 
of the other peroxisomal disorders is estimated to be 1 in 50,000 live 
births, although with broader newborn screening, it is expected that 
the actual incidences of all the disorders of VLCFAs will be more accu-
rately established. 

Pathology
Absence or reduction in the number of peroxisomes is pathogno-
monic for disorders of peroxisome biogenesis. In most cases, a close 
examination of cells in these patients reveals membranous sacs that 
lack the normal complement of matrix proteins; these are peroxisome 
“ghosts,” and they indicate the inability of the cell to properly localize 
peroxisomal proteins. Pathologic changes are observed in most organs 
and include profound and characteristic defects in neuronal migra-
tion, micronodular cirrhosis of the liver, renal cysts, chondrodysplasia 
punctata, sensorineural hearing loss, retinopathy, congenital heart dis-
ease, and dysmorphic features. 

Pathogenesis
Clinical pathologic changes of the PBDs are secondary to the under-
lying peroxisome biogenesis defect. As a result, multiple peroxisomal 
enzymes fail to function in the PBDs (Table 106.3). PBDs include the 
Zellweger spectrum disorders (PBD-ZSD) and one form of rhizomelic 
chondrodysplasia punctata (PBD-RCDP), which are distinguished by 
clinical phenotype and differences in the extent of biogenesis abnor-
mality. In PBDs, enzymes that are synthesized cannot be properly 
located to the peroxisome and are thus degraded abnormally quickly 
because they are unprotected outside the peroxisome. However, it has 
yet to be clarified as to how specific peroxisome defects lead to each of 
the pathologic manifestations.

Pathogenic variants in 14 different PEX genes have been identi-
fied in PBDs. For PBD-RCDP, PEX7 pathogenic variants are the most 

common, but rarer PEX5 pathogenic variants are seen. The pattern 
and severity of pathologic features vary with the nature of the import 
defects and the degree of import impairment leading to the severity 
spectrum of PBD-ZSD. These gene defects lead to disorders named 
prior to recognizing their relationship to the peroxisome, namely, Zell-
weger syndrome, neonatal ALD, infantile Refsum disease, and RCDP. 
The first three disorders are considered to be a form of clinical continuum, 
with Zellweger syndrome the most severe (severe PBD-ZSD), infantile 
Refsum disease the least severe (mild PBD-ZSD), and neonatal ALD 
being intermediate (intermediate PBD-ZSD). For PBD-ZSD, 13 genes 
can be affected to result in autosomal recessive disease (PEX1, PEX2, 
PEX3, PEX5, PEX6, PEX10, PEX11B, PEX12, PEX13, PEX14, PEX16, 
PEX19, PEX26). Specific gene defects cannot be distinguished by clini-
cal features. Clinical severity varies with the degree to which protein 
import is impaired. Pathogenic variants that completely abolish import 
are often associated with the severe PBD-ZSD or Zellweger phenotype, 
whereas a missense variant, in which some degree of import function 
is retained, leads to the somewhat milder presentations. A defect in 
PEX7 or, very rarely, PEX5, which depend on peroxisomal import that 
use PTS2, is associated with RCDP. PEX7 defects that leave the import 
partially intact are associated with milder phenotypes, some of which 
resemble classic (adult) Refsum disease.

The genetic disorders that involve single peroxisomal enzymes usu-
ally have clinical manifestations that are more restricted and relate to 
the single biochemical defect. The primary adrenal insufficiency of 
ALD is caused by an accumulation of VLCFAs in the adrenal cortex, 
and the peripheral neuropathy in adult Refsum disease is caused by the 
accumulation of phytanic acid in Schwann cells and myelin.

PBD-ZSD
Newborn infants with severe PBD-ZSD, previously described as Zellweger 
syndrome, show striking and consistent recognizable abnormalities.  
Of central diagnostic importance are the typical facial appearance (large 
anterior fontanelle, wide sutures, high forehead, hypoplastic supraorbital 
ridges, flat face, and broad nasal bridge; Fig. 106.3), severe weakness 
and hypotonia, neonatal seizures, and eye abnormalities. Because of 
the hypotonia and craniofacial appearance, Down syndrome may be 
suspected in neonates. Infants with severe PBD-ZSD rarely live more 
than a few months. More than 90% show postnatal growth failure. 
Table 106.4 lists the main clinical abnormalities.

Patients with intermediate PBD-ZSD, previously described as neonatal 
ALD, show fewer, less prominent craniofacial features. Neonatal 
seizures occur frequently. Psychomotor developmental delay is pres-
ent; function remains in the range of severe intellectual disability, and 
development may regress after 3-5 years of age, likely from progressive 
leukodystrophy. Hepatomegaly, impaired liver function, pigmentary 
degeneration of the retina, and severely impaired hearing are invariably 
present. Adrenocortical function is usually impaired and may require 
adrenal hormone replacement. Chondrodysplasia punctata and renal 
cysts are absent.

Patients with mild PBD-ZSD, previously described as infantile 
Refsum disease, have survived to adulthood. They can walk, although 
gait may be ataxic and broad based. Cognitive function is generally 

Table 106.2    � Peroxisomal Disorder Classification,  
Disorders, and Genes

PEROXISOMAL BIOGENESIS  
DISORDERS GENES

Peroxisome biogenesis disorder–Zellweger 
spectrum disorders (PBD-ZSD)
Zellweger syndrome (severe PBD-ZSD)

Neonatal adrenoleukodystrophy 
(intermediate PBD-ZSD)

Infantile Refsum disease (mild PBD-ZSD)

PEX1, PEX2, PEX3, PEX5, 
PEX6, PEX10, PEX11B, 
PEX12, PEX13, PEX14, 
PEX16, PEX19, PEX26

Rhizomelic chondrodysplasia punctata, 
types 1 and 5 (RCDP1 and RCDP5)

PEX7 and PEX5, 
respectively

SINGLE-ENZYME DEFECTS
X-linked adrenoleukodystrophy ABCD1

Acyl-CoA oxidase deficiency ACOX1

D-Bifunctional protein deficiency HSD17B4

2-Methylacyl-CoA racemase deficiency AMACR

Rhizomelic chondrodysplasia punctata, 
types 2 and 3 (RCDP2 and RCDP3)

AGPS, GNPAT

Adult Refsum disease PHYH

Table 106.3    � Abnormal Laboratory Findings Common to 
Zellweger Spectrum Disorders

Defective oxidation and abnormal accumulation of very long chain 
fatty acids

Peroxisomes absent to reduced in number
Catalase in cytosol
Deficient synthesis and reduced tissue levels of plasmalogens
Deficient oxidation and age-dependent accumulation of phytanic 

acid
Defects in certain steps of bile acid formation and accumulation of 

bile acid intermediates
Defects in oxidation and accumulation of l-pipecolic acid
Increased urinary excretion of dicarboxylic acids
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A child has elevated very-long-chain fatty acids and reduced plasmalogens. Which category in
the comparison table best matches the combined pattern?

A. Zellweger spectrum peroxisomal biogenesis disorder

B. Isolated X-linked adrenoleukodystrophy

C. A normal biochemical profile

D. Classic type 1 diabetes

E. Simple iron deficiency
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Complications
Patients with severe PBD-ZSD have multiple disabilities involving 
muscle tone, swallowing, cardiac abnormalities, liver disease, and sei-
zures. These conditions are treated symptomatically, but the prognosis 
is poor, and most patients succumb in the first years of life. Similarly, 
individuals with RCDP have multiple systemic and neurologic issues. 
In addition, they may develop spinal cord compression at any level of 
the spine. 

Treatment
The most effective therapy is the dietary treatment of adult Refsum dis-
ease with a phytanic acid–restricted diet. However, this only applies to 
this specific condition.

For patients with the somewhat milder variants of the peroxisome 
import disorders, success has been achieved with multidisciplinary 
early intervention, including physical and occupational therapy, hear-
ing aids or cochlear implants, augmentative and alternative communi-
cation, nutrition, and support for the families. Although most patients 
continue to function in the impaired range, some make significant 
gains in self-help skills, and several are in stable condition in their teens 
or even early 20s.

Attempts to mitigate some of the secondary biochemical abnormali-
ties include the oral administration of docosahexaenoic acid (DHA). The 
DHA level is greatly reduced in patients with disorders of peroxisome 
biogenesis, and this therapy normalizes DHA plasma levels. Although 
there were anecdotal reports of clinical improvement with DHA therapy, 
a randomized placebo-controlled study failed to find benefit. 

Genetic Counseling
Most of these disorders can be diagnosed prenatally. Prenatal testing 
using chorionic villus sampling or amniocentesis enables genetic test-
ing when the alteration is known, but biochemical measurements may 
be made using the same tests as described for postnatal diagnosis (see 
Table 106.5). Because of the 25% recurrence risk with autosomal reces-
sive inheritance, couples with an affected child should be advised about 
the availability of prenatal and preconception diagnosis. 

ADRENOLEUKODYSTROPHY
ALD is an X-linked disorder associated with the accumulation of satu-
rated VLCFAs and a progressive dysfunction of the adrenal cortex and 
nervous system. It is the most common peroxisomal disorder.

Etiology
The key biochemical abnormality in ALD is the tissue accumulation of 
saturated VLCFAs, with a carbon chain length of 24 or more. Excess 
hexacosanoic acid (C26:0) is the most striking and characteristic fea-
ture. This accumulation of fatty acids is caused by genetically deficient 
peroxisomal degradation of fatty acid. The defective gene (ABCD1) 
codes for a peroxisomal membrane protein (ALDP, the ALD protein). 
Many alterations in ABCD1 have been determined to be pathogenic, 

with over half these being private or unique to the family. There is no 
genotype-phenotype correlation, as wide ranges of clinical severity can 
occur within a family across multiple individuals with the same patho-
genic variant. A curated database of pathogenic variants is maintained 
(www.x-ald.nl). The mechanism by which the ALDP defect leads to 
VLCFA accumulation appears to be a disruption of transport of satu-
rated fatty acids into the peroxisome, with resultant continued progres-
sive elongation of fatty acids. 

Epidemiology
The incidence of ALD in males is 1 in 21,000, and the combined inci-
dence of ALD males and heterozygous females in the general popu-
lation is estimated to be 1 in 17,000. All ethnicities are affected. The 
various phenotypes often occur in members of the same kindred. 

Pathology
Characteristic lamellar cytoplasmic inclusions can be demonstrated 
on electron microscopy in adrenocortical cells, testicular Leydig cells, 
and nervous system macrophages. These inclusions probably consist of 
cholesterol esterified with VLCFA. They are most prominent in cells of 
the zona fasciculata of the adrenal cortex, which at first are distended 
with lipids and subsequently atrophy.

The nervous system displays two types of ALD lesions. In the severe 
cerebral form, demyelination is associated with an inflammatory 
response manifested by the accumulation of perivascular lymphocytes 
that is most intense in the involved region. In the slowly progressive 
adult form, adrenomyeloneuropathy (AMN), the main finding is a 
distal axonopathy that affects the long tracts in the spinal cord. In this 
form the inflammatory response is mild or absent. 

Pathogenesis
The adrenal dysfunction is probably a direct consequence of the accu-
mulation of VLCFAs. The cells in the adrenal zona fasciculata are 
distended with abnormal lipids. Cholesterol esterified to VLCFA is 
relatively resistant to adrenocorticotropic hormone (ACTH)–stimu-
lated cholesterol ester hydrolases, and this limits the capacity to con-
vert cholesterol to active steroids. In addition, C26:0 excess increases the 
viscosity of the plasma membrane, which may interfere with receptor 
and other cellular functions.

There is no defined correlation between the neurologic phenotype 
and the nature of the pathogenic variant or the severity of the biochem-
ical defect as assessed by plasma VLCFA levels or between the degree 
of adrenal involvement and nervous system involvement. The severity 
of the illness and rate of progression correlate with the intensity of the 
inflammatory response. The inflammatory response may be partially 
cytokine mediated and may involve an autoimmune response triggered 
in an unknown way by the excess of VLCFAs. Mitochondrial damage 
and oxidative stress also appear to contribute. Approximately half the 
patients do not experience the inflammatory response, although the 
basis of this difference is not understood. 

Table 106.5    � Diagnostic Biochemical Abnormalities in Peroxisomal Disorders

DISORDER VLCFA PHYTANIC ACID PRISTANIC ACID PLASMALOGENS

PBD-ZSD ↑↑ ↑* ↑* ↓

RCDP Nl ↑ Nl ↓↓

ALD ↑ Nl Nl Nl

ACoX ↑ Nl Nl Nl

Bifunctional enzyme deficiency ↑ ↑ ↑ Nl

AMACR Nl ↑ ↑ Nl

Refsum disease Nl ↑ ↑ Nl

*Phytanic acid and pristanic acid accumulation is age dependent, and normal (Nl) levels may be seen in infants and young children.
VLCFA, Very long chain fatty acids; ZSD, Zellweger spectrum disorder; RCDP, rhizomelic chondroplasia punctata; ALD, adrenoleukodystrophy; ACoX, acyl-CoA oxidase deficiency; 

AMACR, 2-methylacyl-CoA racemase deficiency.
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A laboratory identifies a large triglyceride-rich particle formed in the intestine with
apolipoprotein B-48. Which lipoprotein is this?

A. Chylomicron

B. LDL

C. HDL

D. Lipoprotein(a)

E. IDL
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back into the circulation, or secreted as bile acids. Normally, all dietary 
fat is disposed of within 8 hours after the last meal, an exception being 
individuals with a disorder of chylomicron metabolism. Postprandial 
hyperlipidemia is a risk factor for atherosclerosis. Abnormal transport 
of chylomicrons and their remnants may result in their absorption into 
the blood vessel wall as foam cells, caused by the ingestion of choles-
teryl esters by macrophages, the earliest stage in the development of 
fatty streaks. 

Transport of Endogenous Lipids from the Liver
The formation and secretion of VLDL from the liver and its catabolism 
to IDL and LDL particles describe the endogenous lipoprotein path-
way. Fatty acids used in the hepatic formation of VLDL are derived 
primarily by uptake from the circulation. VLDL appears to be trans-
ported from the liver as rapidly as it is synthesized, and it consists of 
triglycerides, cholesteryl esters, phospholipids, and apoB-100. Nascent 
particles of VLDL secreted into the circulation combine with apoC and 
apoE. The size of the VLDL particle is determined by the amount of 
triglyceride present, progressively shrinking in size as triglyceride is 
hydrolyzed by the action of LPL, yielding free fatty acids for utilization 
or storage in muscle and adipose tissue. Hydrolysis of approximately 
80% of the triglyceride present in VLDL particles produces IDL par-
ticles containing an equal amount of cholesterol and triglyceride. The 
remaining remnant IDL is converted to LDL for delivery to peripheral 
tissues or to the liver. ApoE is attached to the remnant IDL particle to 
allow binding to the cell and subsequent incorporation into the lyso-
some. Individuals with a deficiency of either apoE2 or hepatic triglyc-
eride lipase accumulate IDL in the plasma.

LDL particles account for approximately 70% of the plasma choles-
terol in normal individuals. LDL receptors are present on the surfaces 
of nearly all cells. Most LDL is taken up by the liver, and the rest is 
transported to peripheral tissues such as the adrenal glands and gonads 
for steroid synthesis. Dyslipidemia is greatly influenced by LDL-R 
activity. The efficiency with which VLDL is converted into LDL is also 
important in lipid homeostasis. The normal newborn LDL level of 50 
mg/dL is probably adequate for steroid synthesis throughout the life 
cycle. 

High-Density Lipoprotein and Reverse Cholesterol 
Transport
Because hepatic secretion of lipid particles into the bile is the only 
mechanism by which cholesterol can be removed from the body, trans-
port of excess cholesterol from the peripheral cells is a vitally impor-
tant function of HDL. HDL is heavily laden with apoA-I–containing 
lipoproteins, which is nonatherogenic, in contrast to B lipoproteins. 
Cholesterol-poor nascent HDL particles secreted by the liver and small 
intestine are esterified to more mature HDL-2 particles by the action of 
the enzyme lecithin-cholesterol acyltransferase (LCAT), which facili-
tates movement of chylomicrons and VLDL into the HDL core. HDL-2 
may transfer cholesteryl esters back to apoB lipoproteins mediated by 

cholesteryl ester transfer protein (CETP), or the cholesterol-rich par-
ticle may be removed from the plasma by endocytosis, completing 
reverse cholesterol transport. Low HDL may be genetic (deficiency of 
apoA-I) or secondary to increased plasma triglyceride.

LCAT deficiency results in diminished maturation of HDL par-
ticles, affecting their ability to do reverse cholesterol transport. This 
reduces its protective effect on atherosclerosis. There are rare reports, 
however, of less-than-expected severity of atherosclerosis despite low 
HDL secondary to LCAT deficiency, suggesting that the relationship 
may, for unknown reasons, be variable. 

HYPERLIPOPROTEINEMIAS
Hypercholesterolemia
See Table 106.7.

Familial Hypercholesterolemia
Familial hypercholesterolemia (FH) is a monogenic autosomal domi-
nant disorder characterized by strikingly elevated LDL cholesterol 
(LDL-C), premature cardiovascular disease (CVD), and tendon xan-
thomas. It is predominantly associated with defects of LDL-R activ-
ity but also includes defects in the genes for apoB (APOB) and the 
proprotein convertase subtilisin/kexin type 9 (PCSK-9), a protein 
important in LDL endocytosis. Of the almost 1,200 LDLR pathogenic 
variants described, some result in failure of synthesis of the LDL-R 
(receptor negative) and others cause defective binding or release at the 
lipoprotein-receptor interface. Receptor-negative pathogenic variants 
result in more severe phenotypes than receptor-defective pathogenic 
variants. Data from the Netherlands has confirmed the importance 
of LDL reduction in FH; the major adverse coronary event risk for 
affected siblings with statin treatment begun at age 10 years mirrored 
that of unaffected siblings rather than the risk profile of the affected 
parent. 

Homozygous Familial Hypercholesterolemia
FH homozygotes inherit two abnormal LDL receptor genes, resulting 
in markedly elevated plasma cholesterol levels ranging between 500 
and 1,200 mg/dL. Triglyceride levels are normal to mildly elevated, and 
HDL levels may be slightly decreased. The condition occurs in 1 in 
500,000 persons. Receptor-negative patients have <2% normal LDL-R 
activity, whereas those who are receptor defective may have as much as 
25% normal activity and consequently a better prognosis.

However, the prognosis is poor regardless of the specific LDL-R 
aberration. Severe atherosclerosis involving the aortic root and coro-
nary arteries is present by early to middle childhood. These children 
usually present with xanthomas, which may cause thickening of the 
Achilles tendon or extensor tendons of the hands, or cutaneous lesions 
on the hands, elbows, knees, or buttocks (Figs. 106.10-106.12). Corneal 
arcus may be present. Family history is informative because prema-
ture heart disease is strongly prevalent among relatives of both parents. 
The diagnosis may be confirmed genetically or by measuring LDL-R 

Table 106.6    � Characteristics of the Major Lipoproteins

LIPOPROTEIN SOURCE SIZE (nm) DENSITY (g/mL)

COMPOSITION

PROTEIN (%) LIPID (%) APOLIPOPROTEINS

Chylomicrons Intestine 80-1,200 <0.95 1-2 98-99 C-I, C-II, C-III, E, A-I, A-II, 
A-IV, B-48

Chylomicron remnants Chylomicrons 40-150 <1.0006 6-8 92-94 B-48, E

VLDL Liver, intestine 30-80 0.95-1.006 7-10 90-93 B-100, C-I, C-II, C-III

IDL VLDL 25-35 1.006-1.019 11 89 B-100, E

LDL VLDL 18-25 1.019-1.063 21 79 B-100

HDL Liver, intestine VLDL, 
chylomicrons

5-20 1.125-1.210 32-57 43-68 A-I, A-II, A-IV C-I, C-II, 
C-III D, E

HDL, High-density lipoproteins; IDL, intermediate-density lipoproteins; LDL, low-density lipoproteins; VLDL, very low-density lipoproteins.
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A teenager has elevated LDL, tendon xanthomas, and family coronary disease. Which listed
inherited lipid disorder is most likely?

A. Familial hypercholesterolemia

B. Primary chylomicronemia

C. Abetalipoproteinemia

D. Simple transient postmeal lipemia

E. Isolated HDL deficiency
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activity in cultured skin fibroblasts. Phenotypic expression of the dis-
ease may also be assessed by measuring receptor activity on the surface 
of lymphocytes by using cell-sorting techniques.

Untreated homozygous patients rarely survive to adulthood. Symp-
toms of coronary insufficiency may occur early, and sudden death is 
common. LDL apheresis to remove LDL particles selectively from the 

Table 106.7    � Hyperlipoproteinemias

DISORDER
LIPOPROTEINS 

ELEVATED CLINICAL FINDINGS GENETICS ESTIMATED INCIDENCE

Familial hypercholesterolemia LDL Tendon xanthomas, CHD AD 1 in 500

Familial defective ApoB-100 LDL Tendon xanthomas, CHD AD 1 in 1,000

Autosomal recessive hypercholesterolemia LDL Tendon xanthomas, CHD AR <1 in 1,000,000

Sitosterolemia LDL Tendon xanthomas, CHD AR <1 in 1,000,000

Polygenic hypercholesterolemia LDL CHD 1 in 30?

Familial combined hyperlipidemia LDL, TG CHD AD 1 in 200

Familial dysbetalipoproteinemia LDL, TG Tuberoeruptive xanthomas, 
peripheral vascular 
disease

AD 1 in 10,000

Familial chylomicronemia (Frederickson type I) TG ↑↑ Eruptive xanthomas, 
hepatosplenomegaly, 
pancreatitis

AR 1 in 1,000,000

Familial hypertriglyceridemia (Frederickson type IV) TG ↑ ±CHD AD 1 in 500

Familial hypertriglyceridemia (Frederickson type V) TG ↑↑ Xanthomas ± CHD AD —

Familial hepatic lipase deficiency VLDL CHD AR <1 in 1,000,000

AD, Autosomal dominant; AR, autosomal recessive; CHD, coronary heart disease; LDL, low-density lipoproteins, TG, triglycerides; VLDL, very low-density lipoproteins.

A

B

C

Fig. 106.10  Homozygous familial hypercholesterolemia. Tendon xan-
thomas in a 5-year-old boy with homozygous FH noted at the knee (A), 
wrist (B), and Achilles (C). (Modified from Macchiaiolo M, Gagliardi MG, 
Toscano A, et al. Homozygous familial hypercholesterolaemia. Lancet. 
2012;379:1330.)

Fig. 106.11  Striate palmar xanthomata. (From Durrington P. Dyslipi-
daemia, Lancet. 2003;362:717–731.)

Fig. 106.12  Eruptive xanthomata on extensor surface of forearm. 
(From Durrington P. Dyslipidaemia, Lancet. 2003;362:717–731.)
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A child has newly detected hypercholesterolemia and symptoms of thyroid deficiency. Which
secondary cause in the table warrants evaluation?

A. Hypothyroidism

B. Isolated seasonal allergies

C. Postural dizziness

D. Primary speech delay

E. Uncomplicated dental caries
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sugars, and carbohydrates, accompanied by increased physical activity. 
In such patients the aim is to prevent episodes of pancreatitis. The com-
mon use of fibrates (fenofibric acid) and niacin in adults with hypertri-
glyceridemia is not recommended in children. HMG-CoA reductase 
inhibitors are variably effective in lowering triglyceride levels, and 
there is considerably more experience documenting the safety and effi-
cacy of this class of lipid-lowering medications in children. In adults, 
the U.S. Food and Drug Administration (FDA) has approved prescrip-
tion (Lovaza, Vascepa) and nonprescription fish oils as adjuncts to diet 
in the treatment of severe hypertriglyceridemias. 

Hepatic Lipase Deficiency
Hepatic lipase deficiency is a very rare autosomal recessive condition 
caused by pathogenic variants in LMF1 resulting in elevation in both 
plasma cholesterol and triglycerides. Hepatic lipase hydrolyzes tri-
glycerides and phospholipids in VLDL remnants and IDL, preventing 
their conversion to LDL. HDL-C levels tend to be increased rather 
than decreased, suggesting the diagnosis. Laboratory confirmation 
is established by measuring hepatic lipase activity in heparinized 
plasma. 

Disorders of High-Density Lipoprotein Metabolism
Primary Hypoalphalipoproteinemia
Isolated low HDL-C is a familial condition that often follows a pattern 
suggestive of autosomal dominant inheritance but may occur indepen-
dent of family history. It is the most common disorder of HDL metabo-
lism. It is defined as HDL-C <10th percentile for gender and age with 
normal plasma triglycerides and LDL-C. Whether it is associated with 
more rapid atherosclerosis is uncertain. Primary hypoalphalipopro-
teinemia appears to be related to a reduction in apoA-I synthesis and 
increased catabolism of HDL. Secondary causes of low HDL-C, such 
as metabolic syndrome, and rare diseases such as LCAT deficiency and 
Tangier disease must be ruled out. 

Familial Hyperalphalipoproteinemia
This is an unusual condition conferring decreased risk for CHD among 
family members. Plasma levels of HDL-C exceed 80 mg/dL. 

Familial Apolipoprotein A-I Deficiency
Pathogenic variants in the APOA1 gene may result in complete absence 
of plasma HDL. Nascent HDL is produced in the liver and small 
intestine. Free cholesterol from peripheral cells is esterified by LCAT, 
enabling formation of mature HDL particles. ApoA-I is required for 
normal enzymatic functioning of LCAT. The resultant accumulation of 
free cholesterol in the circulation eventually leads to corneal opacities, 
planar xanthomas, and premature atherosclerosis. Some patients, how-
ever, may have pathogenic variants of APOA1 that result in very rapid 
catabolism of the protein not associated with atherogenesis, despite 
HDL-C levels in the 15-30 mg/dL range. 

Tangier Disease
This autosomal dominant disease is associated with HDL-C levels <5 
mg/dL. It is caused by pathogenic variants in ABCA1, which encodes 
a protein that facilitates the binding of cellular cholesterol to apoA-I. 
This results in free cholesterol accumulation in the reticuloendothe-
lial system, manifested by tonsillar hypertrophy of a distinctive orange 
color and hepatosplenomegaly. Intermittent peripheral neuropathy 
may occur from cholesterol accumulation in Schwann cells. Diagno-
sis should be suspected in children with enlarged orange tonsils and 
extremely low HDL-C levels. 

Familial Lecithin–Cholesterol Acyltransferase  
Deficiency
Pathogenic variants of LCAT interfere with the esterification of cho-
lesterol, thereby preventing formation of mature HDL particles. This 
is associated with rapid catabolism of apoA-I. Free circulating choles-
terol in the plasma is greatly increased, which leads to corneal opacities 
and HDL-C levels <10 mg/dL. Partial LCAT deficiency is known as 
“fish-eye” disease because of the corneal opacities. Complete deficiency 
causes hemolytic anemia and progressive renal insufficiency early in 
adulthood. This rare disease is not thought to cause premature ath-
erosclerosis. Laboratory confirmation is based on a demonstration of 
decreased cholesterol esterification in the plasma. 

Cholesteryl Ester Transfer Protein Deficiency
Pathogenic variants of the CETP gene result in cholesteryl ester transfer 
protein (CETP) deficiency. CETP facilitates the transfer of lipoproteins 
from mature HDL to and from VLDL and chylomicron particles, thus 
ultimately regulating the rate of cholesterol transport to the liver for 
excretion in the bile. About half of mature HDL-2 particles are directly 
removed from the circulation by HDL receptors on the surface of the 
liver. The other half of cholesteryl esters in the core of HDL exchange 
with triglycerides in the core of apoB lipoproteins (VLDL, IDL, LDL) 
for transport to the liver. Homozygous deficiency of CETP has been 
observed in subsets of the Japanese population with extremely high 
HDL-C levels (>150 mg/dL). 

Conditions Associated with Low Cholesterol
Disorders of apoB-containing lipoproteins and intracellular cholesterol 
metabolism are associated with low plasma cholesterol.

Abetalipoproteinemia
This rare autosomal recessive disease is caused by pathogenic variants 
in the MTTP gene that encodes the microsomal triglyceride trans-
fer protein necessary for the transfer of lipids to nascent chylomi-
crons in the small intestine and VLDL in the liver. This results in an 
absence of chylomicrons, VLDL, LDL, and apoB and very low levels 
of plasma cholesterol and triglycerides. Fat and fat-soluble vitamin 
malabsorption, diarrhea, and failure to thrive present in early child-
hood. Spinocerebellar degeneration, secondary to vitamin E defi-
ciency, manifests in loss of deep tendon reflexes progressing to ataxia 
and lower-extremity spasticity by adulthood. Patients with abetalipo-
proteinemia also acquire a progressive pigmented retinopathy associ-
ated with decreased night and color vision and eventual blindness. The 
neurologic symptoms and retinopathy may be mistaken for Friedreich 
ataxia. Differentiation from Friedreich ataxia is suggested by the pres-
ence of malabsorption and acanthocytosis on peripheral blood smear 

Table 106.10    � Secondary Causes of Hyperlipidemia

HYPERCHOLESTEROLEMIA
Hypothyroidism
Nephrotic syndrome
Cholestasis
Anorexia nervosa
Drugs: progesterone, thiazides, carbamazepine (Tegretol), 

cyclosporine

HYPERTRIGLYCERIDEMIA
Glycogen storage disease type 1
Obesity
Type 2 diabetes
Alcohol
Renal failure
Sepsis
Stress
Cushing syndrome
Pregnancy
Hepatitis
AIDS, protease inhibitors
Drugs: anabolic steroids, β blockers, estrogen, thiazides, Accutane

REDUCED HIGH-DENSITY LIPOPROTEIN
Smoking
Obesity
Type 2 diabetes
Malnutrition
Drugs: β blockers, anabolic steroids
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A child has microcephaly, toe II-III syndactyly, and genital anomalies. Which syndrome in the
table fits the constellation?

A. Smith-Lemli-Opitz syndrome

B. Turner syndrome

C. Marfan syndrome

D. Phelan-McDermid syndrome

E. Classic galactosemia
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in abetalipoproteinemia. Many of the clinical manifestations of the dis-
ease are a result of malabsorption of fat-soluble vitamins, such as vita-
mins E, A, and K. Early treatment with supplemental vitamins, especially 
E, may significantly slow the development of neurologic sequelae. Vita-
min E is normally transported from the small intestine to the liver by 
chylomicrons, where it is dependent on the endogenous VLDL path-
way for delivery into the circulation and peripheral tissues. Parents of 
children with abetalipoproteinemia have normal blood lipid and apoB 
levels. 

Familial Hypobetalipoproteinemia
Familial homozygous hypobetalipoproteinemia is associated with 
symptoms very similar to those of abetalipoproteinemia, but the inher-
itance pattern is autosomal dominant caused by pathogenic variants in 
APOB. It is distinguishable from abetalipoproteinemia in that hetero-
zygous parents of probands have plasma LDL-C and apoB levels less 
than half of normal. However, few symptoms or sequelae are associated 
with the heterozygous condition.

The selective inability to secrete apoB-48 from the small intestine 
results in a condition resembling abetalipoproteinemia or homozygous 
hypobetalipoproteinemia. Sometimes referred to as Anderson disease 
or chylomicron retention disease, caused by recessive alterations of 
the SAR1B gene, the failure of chylomicron absorption causes steator-
rhea and fat-soluble vitamin deficiency. The blood level of apoB-100, 
derived from normal hepatocyte secretion, is normal in this condition. 

Smith-Lemli-Opitz Syndrome
Smith-Lemli-Opitz syndrome (SLOS) is an autosomal recessive dis-
order that includes microcephaly, polydactyly, holoprosencephaly, 
seizures and developmental delay. Phenotypic variance ranges from 
microcephaly, cardiac and brain malformation, and multiorgan sys-
tem failure to only subtle dysmorphic features and mild developmen-
tal delay. It is associated with low plasma cholesterol and accumulated 
precursors (Tables 106.11 and 106.12) (see Chapter 628.2). Pathogenic 
variants in the DHCR7 (7-dehydrocholesterol-Δ7 reductase) gene 
result in deficiency of the microsomal enzyme DHCR7, which is nec-
essary to complete the final step in cholesterol synthesis. Hypotheses 
to connect the role of cholesterol synthesis in SLOS congenital malfor-
mations have implicated the ligand sonic hedgehog (SHH), for which 
developmental signaling activity is dependent on cholesterol modifi-
cation. The incidence of SLOS is estimated to be 1 in 20,000-60,000 
births.

Spontaneous abortion of SLOS fetuses may occur. Type II SLOS often 
leads to death by the end of the neonatal period. Survival is unlikely 
when the plasma cholesterol level is <20 mg/dL. Laboratory measure-
ment should be performed by gas chromatography, because standard 
techniques for lipoprotein assay include measurement of cholesterol 
precursors, which may yield a false-positive result. Milder cases may not 
present until late childhood. Treatment includes supplemental dietary 
cholesterol (egg yolk) and HMG-CoA reductase inhibition to prevent 
the synthesis of toxic precursors proximal to the enzymatic block. 

Disorders of Intracellular Cholesterol Metabolism
Cerebrotendinous Xanthomatosis
This autosomal recessive disorder presents in late adolescence with 
tendon xanthomas, cataracts, and progressive neurodegeneration. It 
is caused by tissue accumulation of bile acid intermediates that are 
shunted into production of cholestanol that in turn result from patho-
genic variants in the gene for sterol 27-hydroxylase (CYP27A1). This 
enzyme is necessary for normal mitochondrial synthesis of bile acids 
in the liver. Early treatment with chenodeoxycholic acid reduces cho-
lesterol levels and prevents the development of symptoms. 

Wolman Disease and Cholesterol Ester Storage  
Disease
These autosomal recessive disorders are caused by pathogenic variants 
in LIPA that result in lack of lysosomal acid lipase. After LDL choles-
terol is incorporated into the cell by endocytosis, it is delivered to lyso-
somes, where it is hydrolyzed by lysosomal lipase. Failure of hydrolysis 

because of complete absence of the enzyme causes accumulation of 
cholesteryl esters within the cells. Hepatosplenomegaly, steatorrhea, 
and failure to thrive occur during early infancy, leading to death by the 
end of the first year. In cholesterol ester storage disease, a less severe 
form than Wolman disease, there is low but detectable acid lipase activ-
ity (see Chapter 106.4). 

Niemann-Pick Disease Type C
This disorder of intracellular cholesterol transport is characterized by 
accumulation of cholesterol and sphingomyelin in the CNS and reticu-
loendothelial system. Death from this autosomal recessive neurologic 
disease usually occurs by adolescence (see Chapter 106.4). 

Lipoprotein Patterns in Children and Adolescents
Derived primarily from the Lipid Research Clinics Population Stud-
ies, Table 106.9 shows the distribution of lipoprotein levels in Ameri-
can youth at various ages. Total plasma cholesterol rises rapidly from 
a mean of 68 mg/dL at birth to a level approximately twice that by the 
end of the neonatal period. A very gradual rise in total cholesterol level 
occurs until puberty, when the mean level reaches 160 mg/dL. Total 
cholesterol falls transiently during puberty in males because of a small 
decrease in HDL-C and in females secondary to a slight fall in LDL-C. 
Blood cholesterol levels track reasonably well as individuals age.

High blood cholesterol tends to aggregate in families, a reflection of 
genetic and environmental influences.

Acceptable total cholesterol among children and adolescents is <170 
mg/dL; borderline is 170-199 mg/dL; and high is >200 mg/dL. Accept-
able LDL-C is <110 mg/dL; borderline is 110-129 mg/dL; and high is 
>130 mg/dL. HDL-C should be >40 mg/dL. 

Blood Cholesterol Screening
A lipid profile should be checked for all children between ages 9 and 11 
years and then another between ages 17 and 21 years because choles-
terol levels may vary after puberty. However, if a child would have met 
the selective criteria from the previous risk-based guidelines (prema-
ture coronary artery disease [CAD] in a parent or grandparent, a par-
ent with cholesterol >240 mg/dL), screening can occur as early as age 2 

Table 106.11    � Major Clinical Characteristics of Smith- 
Lemli-Opitz Syndrome: Frequent Anomalies 
(>50% of Patients)

CRANIOFACIAL
Microcephaly
Blepharoptosis
Anteverted nares
Retromicrognathia
Low-set, posteriorly rotated ears
Midline cleft palate
Broad maxillary alveolar ridges
Cataracts (<50%)

SKELETAL ANOMALIES
Syndactyly of toes II/III
Postaxial polydactyly (<50%)
Equinovarus deformity (<50%)

GENITAL ANOMALIES
Hypospadias
Cryptorchidism
Sexual ambiguity (<50%) or XY sex reversal

DEVELOPMENT
Prenatal and postnatal growth retardation
Feeding problems
Intellectual disability
Behavioral abnormalities

From Haas D, Kelley RI, Hoffmann GF. Inherited disorders of cholesterol biosynthesis. 
Neuropediatrics. 2001;32:113–122.
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A severely affected infant with Smith-Lemli-Opitz syndrome is found to have renal hypoplasia.
Which organ category in the table includes this anomaly?

A. Urinary tract

B. Skin appendages

C. Pulmonary alveoli only

D. Peripheral blood leukocytes

E. Auditory ossicles
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years. Data also suggest that obtaining a nonfasting lipid profile can be 
just as useful in detecting severe genetic dyslipidemias as a fasting lipid 
profile and thus can be used as first-line screening in children. Fasting 
lipid profiles may also be used depending on parental, child, and clini-
cian preference, especially if there is concern for hypertriglyceridemia, 
because triglycerides are affected more by fasting status. Abnormal 
lipid panels should be repeated, and especially when the concern is the 
triglycerides, the second panel should be obtained ≥2 weeks later in the 
fasted state. Treatment other than lifestyle modification is not initiated 
based on a single lipid panel determination.

Risk Assessment and Treatment of Hyperlipidemia
The NCEP recommends a population-based approach toward a healthy 
lifestyle applicable to all children and an individualized approach 
directed at those children at high risk (Fig. 106.14). The important 
focus on maintenance of a healthy lifestyle rather than aggressive 
weight reduction is recommended by the American Academy of Pedi-
atrics (AAP).

All children with dyslipidemias are stratified according to the pres-
ence of high-level or moderate-level risk factors to determine their ulti-
mate treatment. High-level risk factors are defined as hypertension 
requiring drug therapy (blood pressure ≥99th percentile + 5 mm Hg), 
current cigarette smoker, BMI at the ≥97th percentile, the presence of 
type 1 or type 2 diabetes mellitus, chronic kidney disease, postorthop-
tic heart transplant, and/or Kawasaki disease with current aneurysms. 
Moderate-level risk factors are defined as hypertension that does not 
require drug therapy, BMI at the ≥95th percentile but <97th percen-
tile, HDL-C <40 mg/dL, Kawasaki disease (and possibly multisystem 
inflammatory syndrome in children [MIS-C]) with regressed coronary 
aneurysms, chronic inflammatory disease, HIV infection, and/or the 
presence of nephrotic syndrome.

The initial treatment for dyslipidemia in a child always begins with a 
6-month trial of lifestyle modification, namely, improvements in dietary 
and physical activity patterns. Being overweight confers a special risk 
of CVD because of the strong association with insulin resistance syn-
drome (metabolic syndrome). Although there is no standardized 
definition of metabolic syndrome for youth, it is likely that half of all 
severely obese children are insulin resistant. Data from the CARDIAC 
project noted that 49% of fifth-grade children with the hyperpigmented 
rash, acanthosis nigricans, had three or more factors for insulin resis-
tance syndrome when using the definition classically used for adults, 
including evidence of insulin resistance, hypertension, HDL-C <40 
mg/dL, and triglycerides >150 mg/dL, in addition to obesity.

The Cardiovascular Health Integrated Lifestyle Diet-1 (CHILD-1)  
diet is the first level of dietary change to be recommended for all chil-
dren with dyslipidemias. The CHILD-1 diet is specially designed for 
children with risk factors for CAD and focuses on limiting dietary 
cholesterol to 300 mg/day, limiting sugary drink consumption, using 
reduced-fat/skim milk, avoiding foods high in trans-type fats, limit-
ing foods high in sodium, and encouraging consumption of foods high 
in fiber. Specific recommendations depend on the child’s age. Ameri-
can Heart Association (AHA) diet guidelines for all persons of all ages 
recommend these measures plus avoidance of highly processed foods. 
Specific amounts or percentages of saturated vs monosaturated or 
polyunsaturated fats are not addressed.

The use of the Cardiovascular Health Integrated Lifestyle Diet-2 
(CHILD-2) diet is recommended if the CHILD-1 diet alone is unsuc-
cessful. Although similar in many aspects to the CHILD-1 diet, the 
CHILD-2 diet is geared toward a specific dyslipidemia type; the 
CHILD-2 LDL diet is recommended for children with elevated LDL 
levels and the CHILD-2 TG diet for those presenting with elevated tri-
glycerides. The basic recommendations of calorie consumption for the 
CHILD-2 diet are as follows: only 25–30% of calories from fat, ≤7% of 
calories from saturated fat, 10% of calories from monounsaturated fat, 
and <200 mg/day of cholesterol. If the CHILD-2 LDL diet is recom-
mended, the use of plant sterols and water-soluble fiber is emphasized. 
If the CHILD-2 TG diet is recommended, increasing consumption of 
omega-3 fatty acids and complex rather than simple carbohydrates is 
emphasized.

If followed, these dietary recommendations will provide adequate 
calories for optimal growth and development without promoting obe-
sity. Compliance on the part of children and their caregivers is chal-
lenging. Children learn eating habits from their parents. Successful 
adoption of a healthier lifestyle is much more likely to occur if meals 
and snacks in the home are applicable to the entire family rather than 
an individual child. A regular time for meals together as a family is 
desirable. Grandparents and other nonparental caregivers sometimes 
need to be reminded not to indulge the child who is on a restricted diet. 
Additionally, the rise in obesity is prompting some school districts to 
restrict sweetened drink availability and offer more nutritious cafeteria 
selections.

Changes in physical activity habits are also an important part of the 
initial lifestyle modification. The National Association for Sport and 
Physical Education recommends that children should accumulate at 
least 60 minutes of age-appropriate physical activity on most days of 
the week. Extended periods (≥2 hr) of daytime inactivity are discour-
aged, as is >2 hours of television and other forms of screen time.

Pharmacologic Therapy.  See Tables 106.13 and 106.14.
Pharmacologic therapy with cholesterol-lowering medication is the 

cornerstone of treatment for children who fail to respond to 6 months 
of rigorous lifestyle modification. It should be considered when one of 
the following conditions are met (also shown in Fig. 106.14):
	•	 �LDL cholesterol remains >190 mg/dL
	•	 �LDL cholesterol remains >160 mg/dL with the presence of one high-

level risk factor and/or at least two moderate-level risk factors
	•	 �LDL cholesterol remains >130 mg/dL with the presence of at least 

two high-level risk factors, one high-level risk factor, and at least two 
moderate-level risk factors, or evidence of CAD
HMG-CoA reductase inhibitors, also known as “statins,” are 

remarkably effective in lowering LDL-C levels and reducing plaque 

Table 106.12    � Characteristic Malformations of Internal  
Organs in Severely Affected Smith-Lemli-Opitz 
Patients

CENTRAL NERVOUS SYSTEM
Frontal lobe hypoplasia
Enlarged ventricles
Agenesis of corpus callosum
Cerebellar hypoplasia
Holoprosencephaly

CARDIOVASCULAR
Atrioventricular canal
Secundum atrial septal defect
Patent ductus arteriosus
Membranous ventricular septal defect

URINARY TRACT
Renal hypoplasia or aplasia
Renal cortical cysts
Hydronephrosis
Ureteral duplication

GASTROINTESTINAL
Hirschsprung disease
Pyloric stenosis
Refractory dysmotility
Cholestatic and noncholestatic progressive liver disease

PULMONARY
Pulmonary hypoplasia
Abnormal lobation

ENDOCRINE
Adrenal insufficiency

From Haas D, Kelley RI, Hoffmann GF. Inherited disorders of cholesterol biosynthesis. 
Neuropediatrics. 2001;32:113–122.
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A teen with markedly elevated LDL needs drug therapy after specialist assessment. Which
class in the lipid-treatment table decreases cholesterol synthesis and increases hepatic LDL
receptors?

A. Statins

B. Fibrinolytics

C. Benzodiazepines

D. Opioids

E. Macrolide antibiotics

Original table 106.13  |  Nelson printed p. 883  |  PDF p. 929

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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inflammation, thereby reducing the likelihood of a sudden coronary 
event in an at-risk adult within weeks of starting the medication. As 
a class, they work by blocking the intrahepatic biosynthesis of choles-
terol, thereby stimulating the production of more LDL receptors on the 
cell surface and facilitating the uptake of LDL-C from the bloodstream. 
The NCEP Adult Treatment Panel advocates aggressive lowering of 
LDL to <70 mg/dL in individuals with known CAD. This informa-
tion is relevant because a child who fulfills criteria for consideration of 

cholesterol-lowering medication will almost always have inherited the 
condition from one of the child’s parents. Not infrequently, when pro-
viding care for the child, questions arise about screening and treatment 
of parents or grandparents. Statins are equally effective in children, 
capable of lowering LDL-C levels by 50% when necessary. They are 
considered first-line therapy for children who meet criteria for phar-
macologic therapy. They also will effect a modest reduction in triglyc-
erides and an inconsistent increase in HDL-C. Their side effect profile, 
mainly liver dysfunction and rarely rhabdomyolysis with secondary 
renal failure, should be taken into consideration before prescribing 
the drug. However, there has been no evidence that complications are 
any more frequent in children than in adults, and skeletal muscle dis-
comfort seems to be somewhat less of a problem. Drug interactions 
may occur as well, so careful attention should be paid to a child’s active 
prescriptions to avoid potentiation of the side effects. Children should 
have liver enzymes monitored regularly and creatine phosphokinase 
measured if muscle aches or weakness occurs. Liver (muscle) enzymes 
may be allowed to rise threefold before discontinuing the drug. There 
is a suggested link between the use of statins and increased risk of 
developing type 2 diabetes mellitus in adults, but these results have not 
been replicated in children. Sex hormones have been measured in chil-
dren receiving statins and are unchanged. It should be reemphasized 
that children with modest elevations in cholesterol, such as that seen 
in polygenic hypercholesterolemia, are not, as a rule, candidates for 
statins because of their side effect profile and the childhood response to 
lifestyle modifications. Statins should be started at the lowest effective 
dose and allowed at least 8 weeks to achieve their peak effect. If LDL 
levels are not at goal, which in children who are treated is generally 
established to be <130 mg, the medication may be titrated upward with 
careful monitoring of side effects.

Other cholesterol-lowering medications, such as nicotinic acid and 
fibrates, have been used far less often in children than bile acid seques-
trants and statins. Nicotinic acid and fibrates have been used selectively 
in children with marked hypertriglyceridemia (>500 mg/dL) at risk for 
acute pancreatitis, though dietary restriction of complex sugars (stress-
ing elimination of sugar-sweetened beverages) and carbohydrates will 
usually result in significant lowering of triglyceride levels. Guidelines 
recommend treatment of LDL-C as the initial priority, and after LDL 
levels are at goal, then if triglycerides remain between 200 and 499 mg/
dL and non-HDL cholesterol ≥145 mg/dL, pharmacologic treatment 
to reduce triglyceride levels is indicated. Omega-3 fatty acid supple-
mentation, available in both over-the-counter and prescription form, 
is a safe and useful treatment thought to reduce triglyceride levels by 
decreasing the hepatic synthesis of triglycerides. LDL-C levels in adults 

Table 106.13    � Drugs Used for the Treatment of Hyperlipidemia

DRUG MECHANISM OF ACTION INDICATION STARTING DOSE

HMG-CoA reductase inhibitors 
(statins)

↓ Cholesterol and VLDL synthesis Elevated LDL 5-80 mg every night at bedtime
↑ Hepatic LDL receptors

Bile acid sequestrants: ↑ Bile and excretion Elevated LDL
  Cholestyramine 4-32 g daily
  Colestipol 5-40 g daily

Nicotinic acid ↓ Hepatic VLDL synthesis Elevated LDL 100-2,000 mg three times daily
Elevated TG

Fibric acid derivatives: ↑ LPL Elevated TG 600 mg twice daily
  Gemfibrozil ↓ VLDL

Fish oils ↓ VLDL production Elevated TG 3-10 g daily

Cholesterol absorption inhibitors:

  Ezetimibe ↓ Intestinal absorption cholesterol Elevated LDL 10 mg daily

PCSK-9 inhibitor
  Evolocumab

Upregulation of hepatic LDL 
receptors to enhance removal of 
LDL from circulation

Refractory or intolerant to statin 140 mg every 2 weeks or 420 mg 
subcutaneous injection monthly

LDL, Low-density lipoprotein(s); LPL, lipoprotein lipase; TG, triglycerides; VLDL, very-low-density lipoprotein.

Table 106.14    � Adverse Effects of Cholesterol-Lowering 
Drugs

STATINS
Myalgia, myositis, transaminase elevations, hepatic dysfunction, 

increased risk of diabetes mellitus
Rare: Rhabdomyolysis, hemorrhagic stroke

EZETIMIBE
Diarrhea, arthralgia, rhabdomyolysis, hepatitis, pancreatitis,  

thrombocytopenia

PCSK9 INHIBITORS
Nasopharyngitis, upper respiratory tract infection, influenza, back 

pain, injection site reactions, rash, allergic skin reactions, cognitive 
effects, antidrug antibodies

BILE ACID SEQUESTRANTS
Constipation, heartburn, nausea, eructation, bloating
Adverse effects are more common with colestipol and cholestyramine 

and may diminish over time.

FIBRIC ACID DERIVATIVES
Gastrointestinal (GI) disturbances, cholelithiasis, hepatitis, myositis

NIACIN
Skin flushing, pruritus, GI disturbances, blurred vision, fatigue, 

glucose intolerance, hyperuricemia, hepatic toxicity, exacerbation 
of peptic ulcers

Adverse effects, especially flushing, occur more frequently with 
immediate-release products.

Rare: Dry eyes, hyperpigmentation

FISH OIL
Eructation, dyspepsia, unpleasant aftertaste

From The Medical Letter. Lipid-lowering drugs. Med Lett. 2016;58:133–140, Table 2, p. 136.
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A teenager receiving statin treatment reports new muscle pain and weakness. Which
recognized adverse effect in the table should be evaluated?

A. Myopathy or myositis

B. Acute cataract in every case

C. Obligatory hypoglycemia

D. Isolated tooth eruption

E. Primary hyperammonemia

Original table 106.14  |  Nelson printed p. 883  |  PDF p. 929

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 13

 Chapter 106  u  Defects in Metabolism of Lipids  883

inflammation, thereby reducing the likelihood of a sudden coronary 
event in an at-risk adult within weeks of starting the medication. As 
a class, they work by blocking the intrahepatic biosynthesis of choles-
terol, thereby stimulating the production of more LDL receptors on the 
cell surface and facilitating the uptake of LDL-C from the bloodstream. 
The NCEP Adult Treatment Panel advocates aggressive lowering of 
LDL to <70 mg/dL in individuals with known CAD. This informa-
tion is relevant because a child who fulfills criteria for consideration of 

cholesterol-lowering medication will almost always have inherited the 
condition from one of the child’s parents. Not infrequently, when pro-
viding care for the child, questions arise about screening and treatment 
of parents or grandparents. Statins are equally effective in children, 
capable of lowering LDL-C levels by 50% when necessary. They are 
considered first-line therapy for children who meet criteria for phar-
macologic therapy. They also will effect a modest reduction in triglyc-
erides and an inconsistent increase in HDL-C. Their side effect profile, 
mainly liver dysfunction and rarely rhabdomyolysis with secondary 
renal failure, should be taken into consideration before prescribing 
the drug. However, there has been no evidence that complications are 
any more frequent in children than in adults, and skeletal muscle dis-
comfort seems to be somewhat less of a problem. Drug interactions 
may occur as well, so careful attention should be paid to a child’s active 
prescriptions to avoid potentiation of the side effects. Children should 
have liver enzymes monitored regularly and creatine phosphokinase 
measured if muscle aches or weakness occurs. Liver (muscle) enzymes 
may be allowed to rise threefold before discontinuing the drug. There 
is a suggested link between the use of statins and increased risk of 
developing type 2 diabetes mellitus in adults, but these results have not 
been replicated in children. Sex hormones have been measured in chil-
dren receiving statins and are unchanged. It should be reemphasized 
that children with modest elevations in cholesterol, such as that seen 
in polygenic hypercholesterolemia, are not, as a rule, candidates for 
statins because of their side effect profile and the childhood response to 
lifestyle modifications. Statins should be started at the lowest effective 
dose and allowed at least 8 weeks to achieve their peak effect. If LDL 
levels are not at goal, which in children who are treated is generally 
established to be <130 mg, the medication may be titrated upward with 
careful monitoring of side effects.

Other cholesterol-lowering medications, such as nicotinic acid and 
fibrates, have been used far less often in children than bile acid seques-
trants and statins. Nicotinic acid and fibrates have been used selectively 
in children with marked hypertriglyceridemia (>500 mg/dL) at risk for 
acute pancreatitis, though dietary restriction of complex sugars (stress-
ing elimination of sugar-sweetened beverages) and carbohydrates will 
usually result in significant lowering of triglyceride levels. Guidelines 
recommend treatment of LDL-C as the initial priority, and after LDL 
levels are at goal, then if triglycerides remain between 200 and 499 mg/
dL and non-HDL cholesterol ≥145 mg/dL, pharmacologic treatment 
to reduce triglyceride levels is indicated. Omega-3 fatty acid supple-
mentation, available in both over-the-counter and prescription form, 
is a safe and useful treatment thought to reduce triglyceride levels by 
decreasing the hepatic synthesis of triglycerides. LDL-C levels in adults 

Table 106.13    � Drugs Used for the Treatment of Hyperlipidemia

DRUG MECHANISM OF ACTION INDICATION STARTING DOSE

HMG-CoA reductase inhibitors 
(statins)

↓ Cholesterol and VLDL synthesis Elevated LDL 5-80 mg every night at bedtime
↑ Hepatic LDL receptors

Bile acid sequestrants: ↑ Bile and excretion Elevated LDL
  Cholestyramine 4-32 g daily
  Colestipol 5-40 g daily

Nicotinic acid ↓ Hepatic VLDL synthesis Elevated LDL 100-2,000 mg three times daily
Elevated TG

Fibric acid derivatives: ↑ LPL Elevated TG 600 mg twice daily
  Gemfibrozil ↓ VLDL

Fish oils ↓ VLDL production Elevated TG 3-10 g daily

Cholesterol absorption inhibitors:

  Ezetimibe ↓ Intestinal absorption cholesterol Elevated LDL 10 mg daily

PCSK-9 inhibitor
  Evolocumab

Upregulation of hepatic LDL 
receptors to enhance removal of 
LDL from circulation

Refractory or intolerant to statin 140 mg every 2 weeks or 420 mg 
subcutaneous injection monthly

LDL, Low-density lipoprotein(s); LPL, lipoprotein lipase; TG, triglycerides; VLDL, very-low-density lipoprotein.

Table 106.14    � Adverse Effects of Cholesterol-Lowering 
Drugs

STATINS
Myalgia, myositis, transaminase elevations, hepatic dysfunction, 

increased risk of diabetes mellitus
Rare: Rhabdomyolysis, hemorrhagic stroke

EZETIMIBE
Diarrhea, arthralgia, rhabdomyolysis, hepatitis, pancreatitis,  

thrombocytopenia

PCSK9 INHIBITORS
Nasopharyngitis, upper respiratory tract infection, influenza, back 

pain, injection site reactions, rash, allergic skin reactions, cognitive 
effects, antidrug antibodies

BILE ACID SEQUESTRANTS
Constipation, heartburn, nausea, eructation, bloating
Adverse effects are more common with colestipol and cholestyramine 

and may diminish over time.

FIBRIC ACID DERIVATIVES
Gastrointestinal (GI) disturbances, cholelithiasis, hepatitis, myositis

NIACIN
Skin flushing, pruritus, GI disturbances, blurred vision, fatigue, 

glucose intolerance, hyperuricemia, hepatic toxicity, exacerbation 
of peptic ulcers

Adverse effects, especially flushing, occur more frequently with 
immediate-release products.

Rare: Dry eyes, hyperpigmentation

FISH OIL
Eructation, dyspepsia, unpleasant aftertaste

From The Medical Letter. Lipid-lowering drugs. Med Lett. 2016;58:133–140, Table 2, p. 136.
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A child has progressive neurodegeneration, and testing supports GM1 gangliosidosis. Which
clinical feature is present across the infantile, late-infantile, and juvenile forms in the
comparison table?

A. Cognitive decline

B. Coarse facial features in every form

C. Cherry-red spot in every form

D. Congenital heart block in every form

E. Normal cognition in every form

Original table 106.17  |  Nelson printed p. 893  |  PDF p. 939
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adulthood and progresses with age. Severely affected individuals may 
experience significant pulmonary compromise by 15-20 years of age. 
Such patients have low Po2 values and dyspnea on exertion. Life-
threatening bronchopneumonias may occur, and cor pulmonale has 
been described. Severely affected patients may have liver involvement 
leading to life-threatening cirrhosis, portal hypertension, and ascites. 
Clinically significant pancytopenia caused by secondary hypersplen-
ism may require partial or complete splenectomy; this should be 
avoided if possible because splenectomy frequently causes progres-
sion of pulmonary disease, which can be life-threatening. In general, 
type B patients do not have neurologic involvement and have a nor-
mal IQ. Some patients with type B disease have cherry red maculae 
or haloes and subtle neurologic symptoms that can include peripheral 
neuropathy.

Type C NPD patients often present with prolonged neonatal jaundice, 
appear normal for 1-2 years, and then experience a slowly progressive 
and variable neurodegenerative course. Their hepato¬splenomegaly 
is less severe than that of patients with types A or B NPD, and they 
may survive into adulthood. The underlying biochemical defect in type 
C patients is an abnormality in cholesterol transport, leading to the 
accumulation of sphingomyelin and cholesterol in their lysosomes and 
a secondary partial reduction in acid sphingomyelinase activity (see 
Chapter 106.3).

In type B NPD patients, splenomegaly is usually the first manifesta-
tion detected. The splenic enlargement is noted in early childhood. In 
very mild disease, the enlargement may be subtle and detection may 
be delayed until adolescence or adulthood. The presence of the charac-
teristic NPD cells in bone marrow aspirates supports the diagnosis of 

type B NPD. Patients with type C NPD, however, also have extensive 
infiltration of NPD cells in the bone marrow, and thus all suspected 
cases should be evaluated genetically or enzymatically to confirm the 
clinical diagnosis by measuring the acid sphingomyelinase activity 
level in peripheral leuko¬cytes, cultured fibroblasts, or lymphoblasts, 
or a combination of these cells. Patients with types A and B NPD have 
markedly decreased enzyme levels (1–10%), whereas patients with 
type C NPD have normal or mildly decreased acid sphingomyelinase 
activities. Without known genetic causes, the enzymatic identification 
of NPD carriers is problematic. In families in which the specific genetic 
lesion has been identified, however, family members can be accurately 
tested for heterozygote status by DNA analysis. Prenatal diagnosis of 
types A and B NPD can be made by genetic testing and reliably by the 
measurement of acid sphingomyelinase activity in cultured amniocytes 
or chorionic villi. Historically, the diagnosis of Niemann-Pick type C 
has relied on the demonstration of the cholesterol transport defect in 
cultured fibroblasts by filipin staining but is now readily accomplished 
by genetic testing of the NPC1 and NPC2 genes and the measurement 
of oxidative cholesterol metabolites. There is no conclusive treatment 
for types A and B NPD. Orthotopic liver transplantation in an infant 
with type A disease and amniotic cell transplantation in several type B 
NPD patients have been attempted with little or no success. Bone mar-
row transplantation in a small number of type B NPD patients has been 
shown to be successful in reducing the spleen and liver volumes, the 
sphingomyelin content of the liver, the number of Niemann-Pick cells 
in the marrow, and radiologically detected infiltration of the lungs. In 
one patient, liver biopsies taken up to 33 months after transplantation 
showed only a moderate reduction in stored sphingomyelin. Lung 
transplantation has not been performed in any severely compromised 
patient with type B disease, although two patients who underwent 
whole lung lavages with variable results have been reported. Enzyme 
replacement therapy (ERT) with recombinant human acid sphingo-
myelinase (olipudase alpha) is in clinical trials for the treatment of 
NPD type B. A 26-week phase 1b study in adult patients with NPD 
B established initial proof of concept in this patient group. In a phase 
1/2 pediatric trial (ASCEND-Peds/NCT02292654) in children with 
chronic acid sphingomyelinase deficiency (ASMD), olipudase alfa was 
generally well-tolerated with improvements in disease pathology, and 
a phase 1/2 clinical trial in pediatric patients and a randomized phase 
2/3 trial in adults (ASCEND) with ASMD documented improvement 
in lung function and spleen size.

Clinical trials of miglustat (Actelion, Basel, Switzerland) have been 
performed, and the drug has been approved in Europe for the treat-
ment of type C disease. Treatment of type A disease with bone marrow 
transplantation has not been successful, presumably because of severe 
neurologic involvement. 

Table 106.17    � Symptoms and Biochemical Signs in Three Clinical Forms of GM1 Gangliosidosis

SYMPTOMS AND SIGNS INFANTILE FORM LATE-INFANTILE FORM JUVENILE FORM

CLINICAL SYMPTOMS
Coarse facial features + – –
Cherry red macula spot –/+ – –
Cardiomyopathy –/+ –/+ –
Hepatosplenomegaly –/+ – –
Cognitive decline + + +
Dystonia –/+ –/+ –/+
Ataxia –/+ –/+ –/+
Pyramidal signs + + –

LABORATORY SIGNS
Increased oligosaccharides + –/+ –/+
Increased ASAT –/+ –/+ –
Increased chitotriosidase activity >1,000 >100–1,000 na

na, Not applicable.
From Arash-Kaps L, Komlosi K, Seegräber M, et al. The clinical and molecular spectrum of GM1 gangliosidosis. J Pediatr. 2019;215:152–157, Table II.

Fig. 106.19  Cells from the spleen of a patient with Gaucher disease. 
A characteristic spleen cell is shown engorged with glucocerebroside.
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A young child with a family history of Fabry disease has gastrointestinal discomfort and
episodic distal extremity pain. Which interpretation does the pediatric table support?

A. Fabry symptoms can occur in early childhood

B. Symptoms only begin in late adulthood

C. All young carriers are asymptomatic

D. Fabry disease causes only isolated visual loss

E. Symptoms exclude a metabolic disorder

Original table 106.18  |  Nelson printed p. 894  |  PDF p. 940

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 15

894  Part IX  u  Metabolic Disorders

FABRY DISEASE
Fabry disease is an X-linked inborn error of glycosphingolipid 
metabolism characterized by angiokeratomas (telangiectatic skin 
lesions); hypohidrosis; corneal and lenticular opacities; acropares-
thesias; and vascular disease of the kidney, heart, and/or brain (see 
Table 106.15). The classic phenotype is caused by deficient activity 
of the enzyme α-galactosidase A and has an estimated prevalence 
of approximately 1/50,000 males. Later-onset affected males with 
residual α-galactosidase A activity may present with cardiac and/or 
renal disease, including hypertrophic cardio¬myopathy and renal 
failure, and is more prevalent than the classic phenotype. Heterozy-
gous females for the classic phenotype can be either asymptomatic 
or as severely affected as the males—the variability is a result of 
random X-inactivation. The disease results from pathogenic vari-
ants in α-galactosidase A encoded by the X-linked GLA gene. The 
enzymatic defect leads to the systemic accumulation of neutral 
glycosphingolipids, primarily globotriaosylceramide, particularly 
in the plasma and lysosomes of vascular endothelial and smooth 
muscle cells. The progressive vascular glycosphingolipid deposition 
in classically affected males results in ischemia and infarction, lead-
ing to the major disease manifestations. The cDNA and genomic 
sequences encoding α-galactosidase A have identified more than 
500 different pathogenic variants in the α-galactosidase A gene 
that are responsible for this lysosomal storage disease, including 
amino acid substitutions, gene rearrangements, and mRNA splic-
ing defects.

Affected males with the classic phenotype have the skin lesions, 
acroparesthesias, hypohidrosis, and ocular changes, whereas males 
with the later-onset phenotypes lack these findings and present 
with cardiac and/or renal disease in adulthood (Table 106.18). The 
classic angiokeratomas usually occur in childhood and may lead to 
early diagnosis (Fig. 106.20). They increase in size and number with 
age and range from barely visible to several millimeters in diam-
eter. The lesions are punctate, dark red to blue-black, and flat or 
slightly raised. They do not blanch with pressure, and the larger 
ones may show slight hyperkeratosis. Characteristically, the lesions 
are most dense between the umbilicus and knees, in the “bathing 
trunk area,” but may occur anywhere, including the oral mucosa. 
The hips, thighs, buttocks, umbilicus, lower abdomen, scrotum, and 
glans penis are common sites, and there is a tendency toward sym-
metry. Variants without skin lesions have been described. Sweating 
is usually decreased or absent. Corneal opacities and characteristic 
lenticular lesions, observed under slit-lamp examination, are pres-
ent in affected males and in about 90% of heterozygotes. Conjunc-
tival and retinal vascular tortuosity is common and results from the 
systemic vascular involvement.

Pain is the most debilitating symptom in childhood and adoles-
cence. Fabry crises, lasting from minutes to several days, consist of 
agonizing, burning pain in the hands, feet, and proximal extremi-
ties and are usually associated with exercise, fatigue, fever, or a 
combination of these factors. These painful acroparesthesias usu-
ally become less frequent in the third and fourth decades of life, 
although in some men, they may become more frequent and severe. 
Attacks of abdominal or flank pain may simulate appendicitis or 
renal colic.

The major morbid symptoms result from the progressive involve-
ment of the vascular system. Early in the course of the disease, 
casts, red cells, and lipid inclusions with characteristic birefringent 
“Maltese crosses” appear in the urinary sediment. Proteinuria, isos-
thenuria, and gradual deterioration of renal function and devel-
opment of azotemia occur in the second through fourth decades. 
Cardiovascular findings may include hypertension, left ventricular 
hypertrophy, anginal chest pain, myocardial ischemia or infarction, 
and heart failure. Mitral insufficiency is the most common valvu-
lar lesion. Abnormal electrocardiographic and echocardiographic 
findings are common. Cerebrovascular manifestations result from 
multifocal small vessel involvement. Other features may include 

chronic bronchitis and dyspnea, lymphedema of the legs with-
out hypoproteinemia, episodic diarrhea, osteoporosis, retarded 
growth, and delayed puberty. Death most often results from ure-
mia or vascular disease of the heart or brain. Before hemodialysis 
or renal transplantation, the mean age at death for affected men 
was 40 years. Patients with the later-onset phenotype with residual 
α-galactosidase A activity have cardiac and/or renal disease. The 

Table 106.18    � Summary of Reported Clinical Manifestations 
in Fabry Patients (Newborn to 4 Yr)

FABRY-RELATED SIGNS AND  
SYMPTOMS

EARLIEST REPORT OF 
SYMPTOM

Storage of globotriaosylceramide found 
in organs on biopsy

Prenatal

Corneal whorls/verticillata Prenatal/newborn

Gastrointestinal problems, including 
nausea, vomiting, diarrhea, 
constipation, and abdominal pain

1.0 yr

Slow growth in boys (mean height/
weight <50th percentile)

2.0 yr

Intermittent acroparesthesia/
neuropathic pain triggered by stress, 
heat, fatigue, or exercise

2.0 yr

Hypohidrosis or anhidrosis 2.5 yr

Fabry crises of agonizing neuropathic 
pain typically begin in the hands and 
feet and may radiate proximally

2.5 yr

Heat, cold, and/or exercise intolerance 3.5 yr

Retinal vascular tortuosity 4.0 yr

Tinnitus/vertigo 4.0 yr

Low glomerular filtration rate 4.0 yr

T-wave inversion on electrocardiogram 4.0 yr

Trivial cardiac valve disease 4.0 yr

Angiokeratoma 4.4 yr

From Laney DA, Peck DS, Atherton AM, et al. Fabry disease in infancy and early child-
hood: A systematic literature review. Genetics Med. 2015;17(5):323–330, Table 2.

Fig. 106.20  Typical angiokeratomas. Angiokeratomas are quite 
large and easily recognizable, but if only a few lesions exist or they 
are restricted only to the genitals or umbilical regions, they can be 
easily missed. (From Zarate VA, Hopkin RJ. Fabray’s disease. Lancet. 
2008;372:1427.)
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An adolescent with Fabry disease has burning distal pain and is initially labeled as having a
rheumatologic pain syndrome. Which point from the misdiagnoses table is relevant?

A. Fabry disease may mimic inflammatory or neuropathic conditions

B. A rheumatologic label definitively excludes Fabry disease

C. Fabry disease never affects peripheral nerves

D. Only a skin biopsy can identify any symptom

E. Family history is always irrelevant
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cardiac manifestations include hypertrophy of the left ventricular 
wall and interventricular septum and electrocardiographic abnor-
malities consistent with cardiomyopathy. Others have had hyper-
trophic cardiomyopathy or myocardial infarction, or both.

The diagnosis in classically affected males is most readily made 
from the history of painful acroparesthesias, hypohidrosis, the 
presence of characteristic skin lesions, and the observation of the 
characteristic corneal opacities and lenticular lesions. The disor-
der is often misdiagnosed as rheumatic fever, erythromelalgia, or 
neurosis (Table 106.19). The skin lesions must be differentiated 
from the benign angiokeratomas of the scrotum (Fordyce disease) 
or from angiokeratoma circumscriptum. Angiokeratomas identical 
to those of Fabry disease have been reported in fucosidosis, aspar-
tylglycosaminuria, late-onset GM1 gangliosidosis, galactosialidosis, 
α-N-acetylgalactosaminidase deficiency, and sialidosis. Later-onset 

patients have been identified among patients on hemodialysis and 
among patients with hypertrophic cardiomyopathy or who have suf-
fered cryptogenic strokes. Later-onset patients lack the early classic 
manifestations such as the angiokeratomas, acroparesthesias, hypo-
hidrosis, and corneal opacities. The diagnosis of classic and later-
onset patients is confirmed biochemically by the demonstration of 
markedly decreased α-galactosidase A activity in plasma, isolated 
leukocytes, or cultured fibroblasts or lymphoblasts.

Heterozygous females may have corneal opacities, isolated skin 
lesions, and intermediate activities of α-galactosidase A in plasma 
or cells. Rare female heterozygotes may have manifestations as 
severe as those in affected males. Asymptomatic at-risk females in 
families affected by Fabry disease, however, should be optimally 
diagnosed by the direct analysis of their family’s specific pathogenic 
variant. Prenatal detection of affected males can be accomplished 
by the demonstration of deficient α-galactosidase A activity or the 
family’s specific gene pathogenic variant in chorionic villi obtained 
in the first trimester or in cultured amniocytes obtained by amnio-
centesis in the second trimester of pregnancy. Fabry disease can be 
detected by newborn screening, and pilot studies have been con-
ducted in Italy and Taiwan.

Treatment for Fabry disease may include the use of phenytoin and/
or carbamazepine to decrease the frequency and severity of the chronic 
acroparesthesias and the periodic crises of excruciating pain. Renal 
transplantation and long-term hemodialysis are lifesaving procedures 
for patients with renal failure.

Recombinant α-galactosidase is a safe and effective ERT of choice for 
Fabry disease at a dose of 1 mg/kg every other week. It has been shown 
to clear microvascular endothelial deposits of globotriaosylceramide 
from the kidneys, heart, and skin in patients with Fabry disease with 
stabilization of renal disease, regression of hypertrophic cardiomyopa-
thy, reduction of pain, and improvement in quality of life. Migalastat, a 
protein-folding chaperone therapy, is an oral treatment for Fabry that 
can both be used as a first-line therapy in ERT-naïve patients and as an 
alternative to ERT in patients with a migalastat-amenable pathogenic 
variant. 

FUCOSIDOSIS
This is a rare autosomal recessive disorder caused by the deficient 
activity of α-fucosidase and the accumulation of fucose-containing 
glycosphingolipids, glycoproteins, and oligosaccharides in the 
lysosomes of the liver, brain, and other organs (see Table 106.15). 
α-Fucosidase is encoded by the FUCA1 gene, and specific patho-
genic variants are known. Although the disorder is panethnic, most 
affected patients are from Italy and the United States. There is wide 
variability in the clinical phenotype, with the most severely affected 
patients presenting in the first year of life with developmental delay 
and somatic features similar to those of the mucopolysaccharidoses. 
These features include frontal bossing, hepatosplenomegaly, facial 
features, and macroglossia. The CNS storage results in a relent-
less neurodegenerative course, with death in childhood. Patients 
with milder disease have angiokeratomas and longer survival. No 
specific therapy exists for the disorder, which can be diagnosed by 
the demonstration of pathogenic variants in FUCA1 or deficient α-
fucosidase activity in peripheral leukocytes or cultured fibroblasts. 
Carrier identification studies and prenatal diagnosis are possible 
by determination of the enzymatic activity or the specific family 
pathogenic variants. 

SCHINDLER DISEASE
Schindler disease is an autosomal recessive neurodegenera-
tive disorder that results from the deficient activity of α-N-
acetylgalactosaminidase and the accumulation of sialylated and 
asialoglycopeptides and oligosaccharides (see Table 106.15). The 
enzyme is encoded by the gene NAGA. The disease is clinically 
heterogeneous, and two major phenotypes have been identified. 
Type I disease is an infantile-onset neuroaxonal dystrophy. Affected 

Table 106.19    � Common Misdiagnoses for Fabry Disease

INFLAMMATORY
Systemic lupus erythematous
Rheumatic fever
Fibromyalgia
Dermatomyositis
Raynaud phenomenon
Raynaud syndrome
C1 esterase deficiency
TNF receptor–associated periodic syndrome (TRAPS)
Joint and recurrent fever syndromes (juvenile idiopathic arthritis, 

familial Mediterranean fever)
Erythromelalgia

NEUROLOGIC
Porphyria
Guillain-Barre syndrome
Hereditary neuropathies
Nutritional neuropathies
Uremic neuropathy
Diabetic neuropathy
Polyneuropathy
Meniere disease
Complex regional pain syndromes
Multiple sclerosis
Mitochondrial disorders
Migraine

MELAS
CADASIL
GASTROINTESTINAL/NUTRITION
Irritable bowel syndrome
Appendicitis
Metabolic bone disease (rickets, uremia, scurvy)
Crohn disease
Celiac disease
Peptic ulcer disease

OTHER
Growing pains
Chronic overlapping pain syndrome
Malingering
Coronary heart disease
Osler-Weber-Rendu disease
Cardiomyopathy
Gaucher disease

MELAS, Mitochondrial encephalopathy lactic acidosis, strokelike symptoms; CADASIL, 
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy.
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A child receiving a beta-adrenergic agonist has elevated lactate without evidence of tissue
hypoxia. Which type B lactic-acidosis category in the table includes this exposure?

A. Drug-associated type B2

B. Hypoxic type A only

C. Isolated respiratory alkalosis

D. Normal lactate physiology

E. Inherited type B3 by definition
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Table 107.2    � Causes of Type B Lactic Acidosis

TYPE B1—UNDERLYING DISEASES
Renal failure
Hepatic failure
Diabetes mellitus
Malignancy
Systemic inflammatory response syndrome
Human immunodeficiency virus

TYPE B2—DRUGS AND TOXINS
Acetaminophen
Alcohols: ethanol, methanol, diethylene glycol, isopropanol, and 

propylene glycol
Antiretroviral nucleoside analogs—zidovudine, didanosine, and 

lamivudine
β-Adrenergic agonists: epinephrine, ritodrine, and terbutaline
Biguanides: phenformin and metformin
Cocaine, methamphetamine
Cyanogenic compounds: cyanide, aliphatic nitriles, and nitroprusside
Diethyl ether
Fluorouracil
Halothane
Iron
Isoniazid
Linezolid
Nalidixic acid
Niacin

Propofol
Salicylates
Strychnine
Sugars and sugar alcohols: fructose, sorbitol, and xylitol
Sulfasalazine
Total parenteral nutrition
Valproic acid
Vitamin deficiencies: thiamine and biotin

TYPE B3—INBORN ERRORS OF METABOLISM
Glucose-6-phosphatase deficiency (von Gierke disease)
Fructose-1,6-diphosphatase deficiency
Phosphoenolpyruvate carboxykinase deficiency
Pyruvate carboxylase deficiency
Pyruvate dehydrogenase complex (PDHC) deficiency
Krebs cycle defects
Methylmalonic aciduria and other organic acidemias
Kearns-Sayre syndrome
Pearson syndrome
Barth syndrome
Mitochondrial DNA depletion syndromes
Nuclear DNA respiratory chain defects
Mitochondrial DNA respiratory defects
Mitochondrial encephalomyopathy, lactic acidosis, and strokelike 

episodes (MELAS)
Myoclonic epilepsy with ragged red fibers (MERRF)

Adapted from Vernon C, LeTourneau JL. Lactic acidosis: recognition, kinetics, and associated prognosis. Crit Care Clin. 2010;26:255–283, Box 1.
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Fig. 107.5  Algorithm of the differential diagnosis of lactic acidosis.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 257 / 300

257



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 18 / 30

A child with suspected mitochondrial disease has developmental delay, exercise intolerance,
multisystem findings, and elevated lactate. Which bedside tool in the table combines clinical,
metabolic, and morphologic evidence?

A. Simplified mitochondrial disease criteria

B. NEXUS

C. A neonatal pain scale

D. Gomez malnutrition grading

E. A single ECG rhythm strip

Original table 107.4  |  Nelson printed p. 919  |  PDF p. 965
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 Chapter 107  u  Defects in Metabolism of Carbohydrates  919

clinical testing panels that are used to diagnose mitochondrial disor-
ders. An important consideration is that many genetic and multifacto-
rial conditions have been associated with defects in one or more of the 
four complexes assayed in mitochondrial oxidative phosphorylation 
testing; these latter conditions feature so-called secondary mitochon-
drial dysfunction because the conditions are not considered to be caus-
ative for primary mitochondrial dysfunction.

Treatment remains largely symptomatic and nonspecific and does 
not cure or significantly alter the outcome of disease. Mitochondrial 
drugs are mainly medicinal/nutritional supplements designed to sus-
tain and boost the mitochondrial residual oxidative phosphorylation 
function, while also reducing oxidative stress. Although there is no 
consensus on which vitamins and cofactors should be used to treat 
mitochondrial disease, the main supplementations used are CoQ10, l-
carnitine, creatine, alpha-lipoic acid (ALA), and B vitamins. Additional 
medications/supplements are indicated based on the genetic diagnosis 
and clinical symptoms of the patient. For example, arginine (IV, oral) 
can be prescribed in patients with MELAS for treatment and preven-
tion of metabolic strokes. Citrulline and taurine have also been used 
with some success in ongoing clinical trials and case reports demon-
strating promising results. Patients with mitochondrial disease should 
be encouraged to exercise regularly. Patients with mitochondrial dis-
orders are at a greater risk of developing anesthesia-related complica-
tions. Avoiding prolonged fasting and receiving dextrose-containing 
IV fluids before, during, and after procedures and operations are criti-
cal for avoiding catabolism. There are an increasing number of clinical 
studies evaluating various therapeutic approaches, including mito-
chondrial augmentation therapy in pediatric children with Pearson 
syndrome (NCT03384420) and AAV gene therapy in individuals with 
Leber hereditary optic neuropathy (LHON) (NCT02161380). 

Leigh Syndrome (Subacute Necrotizing 
Encephalomyelopathy)
Leigh syndrome is a heterogeneous neurologic disease historically 
diagnosed based on neuropathologic findings of demyelination, glio-
sis, necrosis, relative neuronal sparing, and capillary proliferation in 
specific brain regions (see Chapter 638.2). Leigh syndrome is charac-
terized by decompensation (neurodevelopmental regression and lactic 
acidosis) initiated by viral infection or other metabolic stress. Patients 
frequently present with feeding and swallowing problems, failure to 
thrive, and developmental delay. The presentation is highly variable 
and may include seizures, altered consciousness, movement disor-
ders, nystagmus, ophthalmoplegia, cerebellar ataxia, and peripheral 

neuropathy. Extraneurologic manifestations may include pericardial 
effusion, cardiomyopathy, renal tubulopathy, liver involvement, hyper-
trichosis, and muscle weakness. Diagnosis is usually confirmed by 
radiologic evidence of symmetric lesions affecting the basal ganglia, 
brainstem, and subthalamic nuclei. Patients with Leigh syndrome have 
defects in several enzyme complexes. Dysfunction in cytochrome-c 
oxidase (complex IV) is the most commonly reported defect, followed 
by NADH–coenzyme Q reductase (complex I), PDHC, and pyruvate 
carboxylase (see Chapter 108). Pathogenic variants in the nuclear 
SURF1 gene, which encodes an assembly factor involved in the bio-
genesis of cytochrome-c oxidase, and mitochondrial DNA variants in 
the adenosine triphosphatase 6 (MT-ATP6) coding region have been 
reported in patients with Leigh syndrome in association with complex 
IV deficiency. The most common mitochondrial DNA variant in Leigh 
syndrome is the m.8993T>G variant in MT-ATP6. The prognosis for 
Leigh syndrome is poor. In a study of 14 cases, there were 7 fatalities 
before age 1.5 years. Pathogenic variants in MTFMT had a milder clini-
cal phenotype and disease progression, according to recent research.

Lactic acidosis and encephalopathy have also been reported in 
patients with thiamine transporter 2 (THTR2) deficiency and with 
pyridoxine-dependent epilepsy. Thiamine, either alone or in combina-
tion with biotin, is required for the treatment of THTR2 deficiency, 
whereas pyridoxine is used to treat pyridoxine-dependent epilepsy.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

107.5  Defects in Pentose Metabolism
Ghada Hijazi and Priya S. Kishnani

Approximately 90% of glucose metabolism in the body is generated via 
the glycolytic pathway, with the remaining 10% generated via the hex-
ose monophosphate pathway. The hexose monophosphate shunt leads 
to the formation of pentose and provides NADPH. One of the metabo-
lites of this alternative pathway is ribose-5-phosphate, which is used in 
the biosynthesis of ribonucleotides and deoxyribonucleotides. Through 
the transketolase and transaldolase reactions, pentose phosphates can 
be converted back to fructose-6-phosphate and glucose-6-phosphate.

ESSENTIAL PENTOSURIA
Essential pentosuria is a benign asymptomatic disorder encountered 
principally in the Ashkenazi Jewish population and is inherited in an 

Table 107.4    � Mitochondrial Disease Criteria (Simplified Version for Bedside Use)*

I. CLINICAL SIGNS AND SYMPTOMS, 1 POINT/SYMPTOM (max. 4 points)

A. MUSCULAR  
PRESENTATION (max. 2 points)

B. CNS PRESENTATION 
(max. 2 points)

C. MULTISYSTEM  
DISEASE (max. 3 points)

II. METABOLIC/IMAGING 
STUDIES (max. 4 points)

III. MORPHOLOGY  
(max. 4 points)

Ophthalmoplegia† Developmental delay Hematology Elevated lactate† Ragged red/blue fibers‡

Facies myopathica Loss of skills GI tract Elevated L/P ratio COX-negative fibers‡

Exercise intolerance Stroke-like episode Endocrine/growth Elevated alanine† Reduced COX staining‡

Muscle weakness Migraine Heart Elevated CSF lactate† Reduced SDH staining
Rhabdomyolysis Seizures Kidney Elevated CSF protein SDH positive blood vessels†

Abnormal EMG Myoclonus Vision Elevated CSF alanine† Abnormal mitochondria/EM†

Cortical blindness Hearing Urinary TA excretion†

Pyramidal signs Neuropathy Ethylmalonic aciduria
Extrapyramidal signs Recurrent/familial Strokelike picture/MRI
Brainstem involvement Leigh syndrome/MRI†

Elevated lactate/MRS

*Score 1: unlikely mitochondrial disorder; score 2-4: possible mitochondrial disorder; score 5-7: probable mitochondrial disorder; score ≥8: definite mitochondrial disorder.
†This specific symptom scores 2 points.
‡This symptom in a higher percentage scores 4 points.
GI, Gastrointestinal; L/P, lactate/pyruvate; COX, cytochrome C oxidase; SDH, succinate dehydrogenase; EM, electron microscopy; EMG, electromyography; TA, tricarbon acid.
From Morava E, van den Heuvel L, Hol F, et al. Mitochondrial disease criteria – diagnostic applications in children. Neurology. 2006;67:1823–1826.
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A child has recurrent strokelike episodes whose MRI lesions do not follow vascular territories,
along with a lactate peak on MR spectroscopy. Which diagnostic category in the table is
suggested?

A. Mitochondrial disease

B. Uncomplicated migraine in every case

C. Isolated refractive error

D. Vasovagal syncope alone

E. Provisional tic disorder
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autosomal recessive fashion. The urine contains l-xylulose, which is 
excreted in increased amounts because of a block in the conversion of 
l-xylulose to xylitol as a result of xylitol dehydrogenase deficiency. 
The condition is usually discovered incidentally in a urine test for 
reducing substances. No treatment is required. 

TRANSALDOLASE DEFICIENCY
Transaldolase deficiency is a rare autosomal recessive inborn error of 
the pentose phosphate pathway. It is more common in Middle East-
ern countries and can manifest in three distinct phenotypes. Prena-
tal intrauterine growth restriction (IUGR), oligohydramnios, and/or 
hydrops fetalis occur with the most severe phenotype. The second is 
a neonatal phenotype, where patients may have dysmorphic facial fea-
tures (triangular-shaped face, low-set ears, wide mouth, and thin lips), 
cardiovascular abnormalities (ventricular and atrial septal defects), 
anemia, thrombocytopenia, and hepatosplenomegaly noted in the 
newborn period. In some cases, hepatic dysfunction was described 
associated with fibrosis and/or cirrhosis, and transplantation of the 
liver was indicated in a number of patients. Endocrine abnormalities 
(abnormal genitalia, vitamin D insufficiency, hypergonadotrophic 

hypogonadism), renal tubulopathy, and skin abnormalities (cutis laxa, 
wrinkled skin, capillary hemangioma) have been observed. A third, 
milder phenotype is described as presenting later in life. Biochemi-
cal abnormalities reveal elevated levels of the polyols arabitol, ribitol, 
and erythritol and the seven-carbon sugars sedoheptitol, perseitol, 
sedoheptulose, mannoheptulose, and sedoheptulose-7P in the urine. 
The diagnosis is established with the detection of biallelic pathogenic 
variants in the TALDO1 gene. When genetic testing is inconclusive, 
low transaldolase activity in lymphoblasts, fibroblasts, and liver tissue 
can be used to confirm the diagnosis. The available treatment is symp-
tomatic. Supportive management of the disease manifestations (e.g., 
hepatic dysfunction) is needed. Transplantation of the liver may be 
indicated. Regular follow-up and monitoring for complications such 
as anemia and thrombocytopenia is required. N-acetylcysteine (NAC) 
supplementation delayed the progression of disease and restored nor-
mal alpha fetoprotein levels in a research trial. Additional long-term 
studies are required to evaluate the broader effectiveness of NAC 
supplementation. 

RIBOSE-5-PHOSPHATE ISOMERASE DEFICIENCY
Only four cases of ribose-5-phosphatase isomerase deficiency disorder 
have been reported. Affected patients may present with psychomotor 
delay or regression, epilepsy, peripheral neuropathy, and leukoenceph-
alopathy. Magnetic resonance spectroscopy (MRS) and urine analysis 
usually reveal elevated levels of polyols arabitol and ribitol in these 
patients. Confirmation of diagnosis is established by identification 
of biallelic RPIA pathogenic variants or by enzyme assay in cultured 
fibroblasts.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

107.6 � Disorders of Glycoprotein  
Degradation and Structure
Margaret M. McGovern and Robert J. Desnick

The disorders of glycoprotein degradation and structure include sev-
eral lysosomal storage diseases that result from defects in glycoprotein 
degradation and the congenital disorders of glycosylation (see Chapter 
107.7). Glycoproteins are macromolecules composed of oligosaccha-
ride chains linked to a peptide backbone. They are synthesized by two 
pathways: the glycosyltransferase pathway, which synthesizes oligosac-
charides linked O-glycosidically to serine or threonine residues, and 
the dolichol, lipid-linked pathway, which synthesizes oligosaccharides 
linked N-glycosidically to asparagine.

The glycoprotein lysosomal storage diseases result from the defi-
ciency of the enzymes that normally participate in the degradation of 
oligosaccharides and include sialidosis, galactosialidosis, aspartylglu-
cosaminuria, and α-mannosidosis. In some instances, the underlying 
abnormality that leads to glycoprotein accumulation also results in 
abnormal degradation of other classes of macromolecules that con-
tain similar oligosaccharide linkages, such as certain glycolipids and 
proteoglycans. In these cases the underlying enzymatic deficiency 
results in the accumulation of both glycoproteins and glycolipids. The 
classification of these types of disorders as lipidoses or glycoproteinoses 
depends on the nature of the predominantly stored substance. In gen-
eral, the glycoprotein disorders are characterized by autosomal reces-
sive inheritance and a progressive disease course with clinical features 
that resemble those seen in the mucopolysaccharidoses.

SIALIDOSIS AND GALACTOSIALIDOSIS
Sialidosis is an autosomal recessive disorder that results from the pri-
mary deficiency of neuraminidase because of pathogenic variants in 
the gene (NEU1) that encodes this protein. In contrast, galactosialido-
sis is caused by the deficiency of two lysosomal enzymes—neuramini-
dase and β-galactosidase. The loss of these enzymatic activities results 
from pathogenic variants in a single gene, CTSA, that encodes the 

Table 107.5    � Clues to the Diagnosis of Mitochondrial 
Disease

NEUROLOGIC
Cerebral strokelike lesions in a nonvascular pattern
Basal ganglia disease
Encephalopathy, recurrent or with low/moderate dosing of valproate
Neurodegeneration
Epilepsia partialis continua
Myoclonus
Ataxia
MRI findings consistent with Leigh syndrome
Characteristic MRS peaks
Lactate peak at 1.3 ppm TE (time to echo) at 35 and 135
Succinate peak at 2.4 ppm

CARDIOVASCULAR
Hypertrophic cardiomyopathy with rhythm disturbance
Unexplained heart block in a child
Cardiomyopathy with lactic acidosis (>5 mM)
Dilated cardiomyopathy with muscle weakness
Wolff-Parkinson-White arrhythmia

OPHTHALMOLOGIC
Retinal degeneration with signs of night blindness, color vision  

deficits, decreased visual acuity, or pigmentary retinopathy
Ophthalmoplegia/paresis
Fluctuating, dysconjugate eye movements
Ptosis
Sudden- or insidious-onset optic neuropathy/atrophy

GASTROENTEROLOGIC
Unexplained or valproate-induced liver failure
Severe dysmotility
Pseudoobstructive episodes

OTHER
A newborn, infant, or young child with unexplained hypotonia,  

weakness, failure to thrive, and a metabolic acidosis (particularly 
lactic acidosis)

Exercise intolerance that is not in proportion to weakness
Hypersensitivity to general anesthesia
Episodes of acute rhabdomyolysis
Elevated GDF-15 level

MRI, Magnetic resonance imaging, MRS, magnetic resonance spectroscopy; GDF, 
growth and differentiation factor.

From Haas RH, Parikh S, Falk MJ, et al. Mitochondrial disease: a practical approach for 
primary care physicians. Pediatrics. 2007;120:1326–1333, Table 1.
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An infant with hypotonia, strabismus, and cerebellar hypoplasia has an abnormal transferrin
isoform profile. Which group of disorders in the table is relevant?

A. Congenital disorders of glycosylation

B. Isolated speech sound disorders

C. Primary vasovagal syncope

D. Simple lactose intolerance

E. Acquired myopia
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Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20

924  Part IX  u  Metabolic Disorders

Fluorescence-activated cell sorting (FACS) analysis of the 
membrane-anchored markers CD16 and CD24 in leukocytes is highly 
suggestive for a GPI-anchor abnormality, especially when alkaline 
phosphatase in the blood is significantly elevated. Enzyme analysis in 

blood is only available for a few, more common CDGs (PMM2-CDG, 
MPI-CDG, PGM1-CDG); it is more reliable in fibroblasts. Dystrogly-
canopathies can be confirmed based on abnormal immunohistochem-
istry in a muscle biopsy.

Table 107.6    � Clinical and Laboratory Features in Common Congenital Disorders of Glycosylation (CDGs), with Clinically  
Recognizable Phenotype and Abnormal Glycosylation, Detectable by Serum Transferrin Isoform Analysis (TIEF)

DEFECTIVE 
GENE

MOST FREQUENT CLINICAL  
FEATURES SUGGESTIVE FEATURES

LABORATORY  
ABNORMALITIES

OTHER BIOCHEMICAL 
ANOMALIES

PMM2 Strabismus, nystagmus, smooth philtrum, 
large ears, vomiting, diarrhea, FTT,  
axial hypotonia, cerebellar vermis 
hypoplasia, ataxia, psychomotor  
disability, seizures, spasticity,  
neuropathy, pigmentary retinitis

Inverted nipples and/
or abnormal fat pads, 
strokelike episodes

Elevated serum 
transaminases; 
hypoalbuminemia, 
decreased factor IX, 
XI, and AT activity; low 
serum ceruloplasmin and 
TBG levels

Type 1 serum TIEF,  
decreased PMM activity 
in leukocytes and  
fibroblasts

MPI Cholestasis, hepatomegaly, feeding  
difficulties, recurrent vomiting, 
chronic diarrhea, ascites, recurrent 
thrombosis, gastrointestinal bleeding

Hyperinsulinism, protein-
losing enteropathy

Normal intelligence and 
absence of neurologic 
features

Elevated transaminases; 
hypoalbuminemia;  
hypoglycemia; 
decreased factor IX, XI, 
and AT-III activity

Type 1 serum TIEF,  
decreased PMI activity in 
leukocytes and  
fibroblasts

ALG6 Hypotonia, muscle weakness, seizures, 
ataxia, intellectual disability, behavioral 
abnormalities

Distal limb malformations Elevated serum 
transaminases; 
hypoalbuminemia; 
decreased factor IX, 
XI, and AT activity; low 
serum IgG level

Type 1 serum TIEF, 
abnormal LLO results in 
fibroblasts

DPAGT1 Microcephaly, brain malformations, 
hypotonia, severe psychomotor 
disability, seizures, spasticity, proximal 
weakness, failure to thrive, joint 
contractures

Congenital myasthenia 
phenotype

In multisystem phenotype: 
cataract

Decreased AT, protein C, 
and protein S activity; 
increased creatine kinase; 
hypoalbuminemia; 
normal creatine kinase in 
myasthenia

Type 1 serum TIEF

SRD5A3 Developmental delay, hypotonia, 
ataxia, cerebellar vermis hypoplasia, 
intellectual disability, speech delay, 
visual loss

Congenital cataract, retinal 
and iridic coloboma, 
glaucoma, optic nerve 
dysplasia, ichthyosis

Low anticoagulation  
factors (AT, protein C, 
and protein S activity),  
increased serum 
transaminases

Type 1 serum TIEF but 
reported false-negative 
TIEF

ATP6V0A2 Generalized cutis laxa, hypotonia, 
strabismus, characteristic facial 
features, joint laxity, seizures, motor 
and language developmental delay, 
spontaneous improvement of cutis 
laxa by aging

Cobblestone-like brain 
dysgenesis

Mild coagulation  
abnormalities, increased 
serum transaminase levels

Type 2 serum TIEF but 
reported false-negative 
TIEF

Abnormal apoC-III IEF, 
characteristic MALDI 
TOF profile (Note 
abnormal skin histology)

ATP6V1A and 
ATP6V1E1

Cardiovascular anomalies Mild coagulation  
abnormalities and  
increased serum 
transaminase levels, 
hypercholesterolemia

PGM1 Pierre Robin sequence, cholestasis, 
short stature, dilated cardiomyopathy

Cleft palate, 
hyperinsulinism, normal 
intelligence

Hypoglycemia, increased 
serum transaminase 
levels, decreased AT

Mixed type 1/ serum TIEF, 
decreased fibroblast 
PGM1 activity

MAN1B1 Developmental delay, speech delay,  
intellectual disability, muscle  
weakness

Obesity, autistic features, 
inverted nipples,  
characteristic face

Increased serum 
transaminase levels, low 
AT

Type 2 serum TIEF, 
abnormal apoC-III IEF, 
diagnostic MALDI TOF 
profile

TMEM199 Cholestasis, hepatomegaly, liver 
steatosis, liver fibrosis, liver failure, 
spontaneous bleedings, motor  
developmental delay

Normal intelligence Decreased serum 
ceruloplasmin, 
increased serum 
transaminase levels, 
hypercholesterolemia, 
high AP

Type 2 serum TIEF, 
abnormal apoC-III IEF, 
characteristic MALDI 
TOF profile

CCDC115 Hepatomegaly

ATP6AP1 and 
ATP6AP2

Immune deficiency

SLC39A8 Seizures, hypsarrhythmia, hypotonia, 
developmental and speech delay, 
FTT

Dwarfism, craniosynostosis, 
rhizomelia, Leigh disease

Decreased serum 
manganese, high serum 
transaminases, abnormal 
coagulation

Type 2 serum TIEF,  
abnormal apoC-III,  
characteristic MALDI 
TOF profile

AP, Alkaline phosphatase; AT, antithrombin; apoC-III: apolipoprotein C-III; FTT, failure to thrive; LLO, lipid-linked oligosaccharides; MALDI-TOF, matrix-assisted laser desorption/ 
ionization time of flight; TBG, thyroxine-binding globulin; TIEF, transferrin isoelectric focusing.
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A child with confirmed MPI-CDG has gastrointestinal symptoms, coagulopathy, and
hypoglycemia. Which targeted nutrient therapy is listed?

A. Oral mannose

B. Elimination of all carbohydrate

C. Unrestricted alcohol

D. High-dose iron as the only treatment

E. Oral potassium iodide
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phenotype, indistinguishable from other genetic congenital myas-
thenias. CK levels are normal. These patients have a relatively good 
prognosis, especially with early myasthenia therapy. The other 
patients show a multisystem phenotype with microcephaly, brain 
malformations, hypotonia, severe psychomotor disability, seizures, 
spasticity, failure to thrive, joint contractures, and cataracts. 

Pathophysiology
The DPAGT1 defect leads to very early arrest of glycan synthesis 
outside the ER membrane by slowing the addition of the second 
GlcNAc sugar to the phosphorylated dolichol arm. Abnormal 
receptor glycosylation in the neuromuscular junction leads to 
myasthenia. Hypoglycosylation in the multisystem type leads to 

Table 107.7    � Effective Therapies in CDG

CDG TREATMENT
RECOMMENDED 

DOSE CLINICAL EFFECTS SIDE EFFECTS

MPI-CDG Mannose 600-1200 mg/kg BW/ 
day in 4-6 oral doses

Improvement of digestive symptoms (13/14), 
coagulopathy (12/12), and hypoglycemia 
(9/9); no long-term effect on liver symptoms

Abdominal pain and diarrhea 
(5/10; responding to dose 
adjustment)

PGM1-CDG Galactose 1 g/kg/day (500-2500 
mg/kg/day; max 50 
g/day), divided in up 
to 6 oral doses per 
day

Improvement of hepatopathy (15/18), muscle 
symptoms (14/14), coagulopathy (10/12), 
hypoglycemia (10/13), and pubertal delay 
(2/2); minimal effect on growth (1/8), ID 
(0/2), and cardiologic symptoms (0/2)

Not reported

SLC35C2-CDG Galactose 1.5 g/kg/day (up to 3 
g/kg/day), divided 
in up to 5 oral doses 
per day

Improvement of psychomotor development 
(5/10), growth (n.s.), gastrointestinal  
symptoms (n.s.), and seizures (3/5)

Not reported

SLC35C1-CDG Fucose 400 mg/kg/day (up 
to 1.2 g/kg/day 
in severe cases), 
divided into 2-3 oral 
doses per day

Normalization of neutrophil count (5/5),  
decreased incidence of severe infections 
(3/3), improvement of psychomotor  
development (1/5), no effect on adult form 
of the disease (ID, ataxia, epilepsy, autism)

Autoimmune neutropenia and 
hemolysis (responding to 
dose adjustment)

CAD-CDG Uridine 100 mg/kg/day in 4 
oral doses

Cessation of pharmacoresistant seizures 
(3/3), significant developmental progress 
(3/3), resolution of anemia (2/2), and 
anisopoikilocytosis (3/3)

Not reported

SLC39A8-CDG Manganese 15-20 mg MnSO4/kg  
BW/day in 5 oral 
doses

Improvement of glycosylation (2/2), motor 
abilities (2/2), epilepsy (1/1), ataxia (1/1), 
and hearing (1/1)

Not reported, risk of manganism

Galactose 500-3750 mg/kg BW/
day in 5 oral doses

Improvement of glycosylation (2/2), no 
clinical improvement reported

Not reported

TMEM165-CDG Galactose 1000 mg/kg/day orally Improvement of glycosylation (2/2), 
hepatopathy (2/2), coagulopathy (2/2), and 
IGF1 levels (2/2) (clinical improvement not 
mentioned)

Not reported

GFPT1-CDG Pyridostigmine  
(cholinesterase  
inhibitors)

2.5-15 mg/kg/day in 3 
oral doses

Improvement of muscle weakness (52/56) Muscle twitching, depression, 
and anxiety (2/56)

ALG2-CDG Pyridostigmine  
(cholinesterase  
inhibitors)

Oral, dose n.s. Improvement of muscle weakness (1/1) Not reported

ALG14-CDG Pyridostigmine  
(cholinesterase  
inhibitors)

5-8 mg/kg/day in 2-6 
oral doses

Improvement of muscle weakness (4/4, in 1 
patient the effect was only temporary)

Not reported

PIGM-CDG Sodium butyrate 60-90 mg/kg/day in 3 
oral doses

Effect on seizures (3/3), developmental delay 
(2/2), and increase in the expression of GPI-
linked blood cell surface markers (2/4)

Not reported

PMM2-CDG Acetazolamide 7-17 mg/kg/day in 2 
oral doses

Effect on cerebellar symptoms (20/23), 
speech (20/23), anxiety (20/23), some 
coagulation parameters (20/23), stereotypic 
movements (5/5), and SLE (1/1). No 
improvement of ID and non-neurologic 
symptoms.

Acidosis with significant 
decrease of serum 
bicarbonate (9/23), asthenia 
(4/23), and paresthesia 
(2/23) responding to 
dose adjustments; risk of 
urolithiasis, osteopenia

BW, Body weight; GPI, glycosylphosphatidylinositol; ID, intellectual disability; IGF1, insulin-like growth factor 1; n.s., not specified; SLE, strokelike episodes.
Modified from Ondruskova N, Cechova A, Hansikova H, et al. Congenital disorders of glycosylation: still “hot” in 2020. Biochim Biophys Acta Gen Subj. 2021;1865(1):129751, Table 2.
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A child with possible mitochondrial disease has myopathy, dystonia, growth failure, and
hearing impairment. Which feature of the criteria table explains the diagnostic approach?

A. Evidence is assessed across muscular, neurologic, and multisystem domains

B. Only a single serum sodium value is scored

C. Normal hearing is obligatory

D. Every diagnosis requires a malformation at birth

E. Only one organ system may be affected

Original table 108.2  |  Nelson printed p. 934  |  PDF p. 980
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feeding and/or growth problems, pseudoobstruction, malabsorption, and 
constipation. Endocrine abnormalities are also common but underappre-
ciated in many patients, including pituitary, adrenal, thyroid, and pancre-
atic dysfunction.

Such careful phenotyping of patients with suspected mitochondrial 
disease can thus provide reassurance that the common, and poten-
tially treatable, clinical aspects of mitochondrial disease are not present 
although they may develop over time, or conversely if identified, increase 
diagnostic suspicion and direct further diagnostic evaluation. A screen-
ing tool for mitochondrial diseases is noted in Table 108.2. The differ-
ential diagnosis of mitochondrial disorders is extensive (Table 108.3). 

MITOCHONDRIAL DISEASE INHERITANCE
Primary mitochondrial disease may result from variants in either nuclear 
genes or mtDNA genes, which may be inherited from a parent or occur 
de novo in an affected individual (for a list of genes curated for their asso-
ciation with primary mitochondrial disease, visit https://search.clinical-
genome.org/kb/affiliate/10027). Thus all mendelian (autosomal recessive, 
autosomal dominant, X-linked) or maternal (mtDNA) inheritance pat-
terns can be consistent with mitochondrial diseases. Obtaining a detailed, 
three-generation pedigree is important to potentially highlight the specific 
inheritance pattern in a family. Individuals with inherited mtDNA disor-
ders may report family members related through their maternal lineage 
(both males and females may be affected, but only affected individuals 
will be connected through the female germline), with a range of func-
tional problems in different organs, such as migraines, fatigue, exercise 
intolerance, stroke, diabetes mellitus, thyroid dysfunction, irritable bowel 
syndrome, mood disorder, or vision and hearing problems (for a list of 
curated mtDNA variants, visit https://erepo.clinicalgenome.org). Inherited 
X-linked disorders typically present with symptoms only or, more severely, 
in males related through unaffected or minimally affected females. Auto-
somal recessive disorders are common in pediatric mitochondrial disease, 
particularly in consanguineous pedigrees, where a rare variant in the gen-
eral population becomes enriched and passed down through both mater-
nal and paternal lineages to become homozygous in the affected proband 
and also affect multiple individuals in a given generation without having 
affected individuals in earlier generations. Autosomal dominant vari-
ants may occur de novo or are passed on from either parent to their child, 
although many disorders may have reduced penetrance, which may make 
the genetic disorder appear to skip a generation. Identifying a likely inheri-
tance pattern through pedigree analysis can inform accurate interpretation 
of large-scale genetic diagnostic evaluations, such as multigene sequencing 
and deletion/duplication analysis panels and exome or genome sequenc-
ing. Establishing a correct genetic diagnosis for mitochondrial disease in 
an affected individual is essential to enable reliable recurrence risk counsel-
ing and testing options in a given family, whether in a future pregnancy by 
chorionic villus sampling (CVS, typically performed at 10-12 weeks’ ges-
tation) or amniocentesis (typically performed at 16-20 weeks’ gestation) 
or in the in vitro fertilization (IVF) setting with preimplantation genetic 
testing (PGT) for a specific disease-causing variant. Of note, PGT is read-
ily available to families for known nuclear gene disorders but remains of 
limited availability in known pathogenic mtDNA variants.

Special mention is warranted to consider the unique aspects of mater-
nal inheritance that typify mtDNA disorders. More than 300 disease-
causing mtDNA variants have been identified, with extensive variation 
in disease manifestations and features. Most disease-causing variants 
are present in only a portion of an individual’s mtDNA genomes, a 
concept known as heteroplasmy. For heteroplasmic mtDNA variants, 
the precise pathogenic variant level (percent) can vary between an 
individual’s different tissues and can change over time, with symptom 
severity corresponding to different threshold pathogenic variant levels 
that can be difficult to define and that typically vary between organs. 
An individual’s mtDNA genome background set of fixed sequence 
variants, known as a haplogroup, can also influence the penetrance 
or severity of an mtDNA disease. When a novel or rare mtDNA vari-
ant is identified in a given individual, it may be helpful to use highly 
sensitive sequencing methods to test the levels of that pathogenic vari-
ant (which may be accurate to detect 1% of pathogenic variant levels) 
in their different tissues (blood, urine, buccal, skin cells, muscle), as 
well as tissues from their mother or maternal relatives, to accurately 

determine whether it may be causal of disease in that family. Research-
based functional testing may also be necessary to characterize fully the 
effects of a newly recognized mtDNA variant. When it is not known 
whether an mtDNA variant is maternally inherited or occurs de novo, 
the recurrence risk to future offspring of their asymptomatic parent is 
empirically estimated at 1 in 25 (4%), although the empirical recur-
rence risk rises to 1 in 2 (50%) when the mother is symptomatic. 

Table 108.2    � Mitochondrial Disease Criteria

FEATURES

Muscular Myopathy
Abnormal EMG

Maximal score for 
muscle is 2

Motor developmental delay
Exercise intolerance

Neurologic Developmental delay or ID
Speech delay

Maximal score for 
neurologic is 2

Dystonia
Ataxia
Spasticity
Neuropathy
Seizures or encephalopathy

Multisystem Any gastrointestinal tract 
disease

Maximal score for 
multisystem is 3

Growth delay or failure to thrive
Endocrine
Immune
Eye (vision) or hearing
Renal tubular acidosis
Cardiomyopathy

Total clinical Total maximal 
clinical score is 4

Metabolic Lactate high at least 2×: (score 2)
Alanine high at least 2×
Krebs cycle intermediatesa

Ethyl malonic and methyl 
malonic acid

3 methyl glutaconic acid
CSF lactate, alanine

Imaging/other Leigh disease (score 2)
Strokelike episodes (score 2)
Lactate peak on MRS
Leukoencephalopathy with 

brainstem and spinal cord 
involvementb

Cavitating 
leukoencephalopathyb

Leukoencephalopathy with 
thalamus involvementb

Deep cerebral white matter 
involvement and corpus  
callosum agenesisb

Total metabolic 
and MRI maximal 
score is 4

Total MDC 
score (clinical, 
metabolic, 
imaging)

Total maximal 
score is 8

aKrebs cycle intermediates: alpha-ketoglutarate, succinate, fumarate.
bNumerous MRI patterns characteristic of mitochondrial disease have been described 

in addition to Leigh syndrome and basal ganglia with brainstem involvement. We 
include leukoencephalopathy with brainstem and spinal cord involvement (DARS2), 
cavitating leukoencephalopathy (LYRM7), leukoencephalopathy with thalamus 
involvement (EARS2), and deep cerebral white matter involvement and corpus  
callosum agenesis (NUBPL).

Every element scores 1 unless indicated differently. The severity of each finding is not taken 
into account because of the progressive nature of the disease. A total score of 1 indicates 
unlikely mitochondrial disorder; score 2–4, possible mitochondrial disorder; score 5–7, 
probable mitochondrial disorder; and score ≥8, definite mitochondrial disorder.

COX, Cytochrome c oxidase; EMG, electromyography; L/P, lactate/pyruvate; SDH,  
succinate dehydrogenase.

From Witters P, Saada A, Honzik T, et al. Revisiting mitochondrial diagnostic criteria in 
the new era of genomics. Genetics Med. 2018;20(4):444–451, Table 2.
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A child with dystonia is evaluated for suspected mitochondrial disease. Which treatable mimic
in the differential table should be considered?

A. Biotinidase deficiency

B. Simple seasonal allergic rhinitis

C. Primary dental caries

D. Uncomplicated myopia

E. Isolated circumcision status
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Table 108.3    � Differential Diagnosis of Selected Phenotypes Commonly Associated with Mitochondrial Disease

PHENOTYPE MITOCHONDRIAL CAUSE LIMITED DIFFERENTIAL DIAGNOSIS

Dystonia Leigh syndrome, deafness-dystonia  
syndrome, other mitochondrial  
encephalomyopathies

Biotinidase deficiency, thiamine transporter deficiency 
2, ADAR pathogenic variants (Aicardi-Goutières syndrome 
6), organic acidemias (especially glutaric aciduria type I), 
NBIA, acute (viral) necrotizing encephalopathy, pathogenic 
variants in NUP62, RANBP2, and PDE8B, primary genetic 
dystonias

Epileptic encephalopathy Alpers-Huttenlocher syndrome, many other 
mitochondrial disorders

Many genetic epileptic encephalopathies, including Dravet 
syndrome and KCNQ2 pathogenic variants, pyridoxine-
dependent epilepsies (antiquitin deficiency, PNPO  
deficiency), viral encephalitis

Progressive myoclonic epilepsy MERRF Ramsay Hunt syndrome, Unverricht-Lundborg disease, Lafora 
body disease, sialidosis, PRICKLE1 pathogenic variants

Leukoencephalopathy Complex I deficiency, complex II deficiency, 
SURF1 deficiency (rarely), disorders of 
mitochondrial translation and Fe-S cluster 
assembly

Vanishing white matter disease, lysosomal storage  
disorders, Canavan disease, Alexander disease,  
Pelizaeus-Merzbacher(-like), hypo/dysmyelination

Ataxia ADCK3 pathogenic variants, ataxia-
neuropathy syndromes, for example, SCAE, 
MIRAS, MERRF, NARP, disorders of  
coenzyme Q10 biosynthesis

Spinocerebellar ataxias, CAPOS syndrome

Demyelination MNGIE ADEM, multiple sclerosis

Peripheral neuropathy Pathogenic variants in POLG, MPV17, 
KARS, and SURF1; part of multisystem  
disease in many mitochondrial disorders, 
for example, MNGIE

Other nonmitochondrial genetic causes of Charcot-Marie-
Tooth syndromes, riboflavin transporter deficiency, toxic 
neuropathies, critical illness

Ptosis and ophthalmoplegia PEO, KSS, MNGIE, MELAS Some congenital myopathies, pseudo-upgaze impairment 
in OPMD, horizontal gaze palsy and scoliosis (ROBO3  
pathogenic variant)

Optic neuropathy LHON, ADOA, Leigh syndrome Toxic optic neuropathy (e.g., methanol, cyanide, tobacco)

Hypertrophic cardiomyopathy 
with lactic acidosis

Complex I deficiency, TMEM70 pathogenic 
variants, Sengers syndrome (AGK 
deficiency), disorders of mitochondrial 
translation

Viral infection

Dilated cardiomyopathy with 
lactic acidosis

Barth syndrome, disorders of mitochondrial 
phospholipid remodeling, other 
mitochondrial cardiomyopathies

Viral infection

Exocrine pancreatic insufficiency Pearson syndrome Cystic fibrosis

Diabetes and deafness MIDD, other mtDNA pathogenic variants Type 2 diabetes mellitus with incidental nonsyndromic  
deafness

Sideroblastic anemia Pearson syndrome, MLASA, TRNT1 
deficiency, PUS1 or YARS2 pathogenic variants

Blackfan-Diamond syndrome, Schwachman-Diamond  
syndrome, X-linked sideroblastic anemia

B-cell immune deficiency TRNT1 deficiency Primary immunodeficiency disorder

Liver failure Mitochondrial DNA (mtDNA) depletion 
syndromes

NBAS, LARS, and IARS deficiencies, viral infection, lysosomal 
storage disorders, other syndromic genetic conditions

Renal tubulopathy/failure Pearson and Kearns-Sayre  
syndromes, RMND1-related disease

Gitelman syndrome, Fanconi Bickel (SLC2A2 pathogenic 
variants) syndrome, other syndromic genetic conditions

Myopathy Part of multisystem disease in many  
mitochondrial disorders, especially mtDNA 
depletion syndromes

Congenital muscular dystrophies, myositis, many other 
disorders

Rhabdomyolysis Mitochondrial myopathies  
(e.g., MTCO1, MTCO2, MTCO3, and  
MTCYB pathogenic variants)

LPIN1 pathogenic variants, fatty acid oxidation defects 
(VLCAD, LCHAD), TANGO deficiency, glycolytic defects, 
toxic, postexercise

Low copper Cytochrome oxidase deficiency Menkes, SLC33A1 pathogenic variants

Complex multisystem disorders Many mitochondrial disorders, particularly in 
childhood

Congenital disorders of glycosylation, peroxisomal disorders, 
lysosomal storage disorders, other syndromic genetic  
conditions

ADEM, Acute disseminated encephalomyelitis; ADOA, autosomal dominant optic atrophy; CAPOS, cerebellar ataxia, areflexia, pes cavus, optic atrophy and sensorineural hearing 
loss; Fe-S, iron-sulfur; KSS, Kearns-Sayre syndrome; LHON, Leber hereditary optic neuropathy; MERRF, myoclonic epilepsy with ragged red fibers; MIDD, maternally inherited  
diabetes and deafness; MIRAS, mitochondrial recessive ataxia syndrome; MLASA, myopathy, lactic acidosis, sideroblastic anemia; MNGIE, mitochondrial neurogastrointestinal 
encephalomyopathy; NBIA, neurodegeneration with brain iron accumulation; PEO, progressive external ophthalmoplegia; SCAE, spinocerebellar ataxia with epilepsy.

Modified from Parikh S, Karaa A, Goldstein A, et al. Diagnosis of “possible” mitochondrial disease: an existential crisis. J Med Genet. 2019;56(3):123–130, Table 1.
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A child has coarse facies, corneal clouding, joint contractures, and developmental impairment.
Which mucopolysaccharidosis pattern in the table is especially compatible?

A. MPS I Hurler syndrome

B. MPS III with no ocular findings

C. MPS IV with no skeletal findings

D. Isolated phenylketonuria

E. Turner syndrome
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of lambdoid and sagittal sutures, shallow orbits, enlarged J-shaped 
sella, and abnormal spacing of teeth with dentigerous cysts. 

Hurler-Scheie Disease
The clinical phenotype of the Hurler-Scheie form of MPS-I (MPS 
I-H/S) is intermediate between Hurler and Scheie diseases and is 
characterized by progressive somatic involvement, including dysos-
tosis multiplex with little or no intellectual dysfunction. The onset of 
symptoms is usually observed between 3 and 8 years of age, and sur-
vival to adulthood is common. Cardiac involvement and upper airway 
obstruction contribute to clinical morbidity. Some patients have spon-
dylolisthesis, which may cause cord compression. 

Scheie Syndrome
MPS I-S is a comparatively mild disorder characterized by joint 
stiffness, aortic valve disease, corneal clouding, and mild dysostosis 

multiplex. Onset of significant symptoms is usually after age 5 years, 
with diagnosis made between 10 and 20 years. Patients with Scheie 
syndrome have normal intelligence and stature but have signifi-
cant joint and ocular involvement. A carpal tunnel syndrome often 
develops. Ophthalmic features include corneal clouding, glaucoma, 
and retinal degeneration. Obstructive airway disease, causing sleep 
apnea, develops in some patients, necessitating tracheotomy. Aortic 
valve disease is common and has required valve replacement in some 
patients. 

Mucopolysaccharidosis II
Hunter disease (MPS-II) is an X-linked disorder caused by the defi-
ciency of iduronate 2-sulfatase (IDS). The gene encoding IDS is located 
on Xq28. Single-nucleotide variants or small deletions of IDS have 
been detected in approximately 50% of patients with MPS-II. Major 
deletions or rearrangements of IDS have been found in the rest, usually 
associated with a more severe and complex clinical phenotype. As an 
X-linked recessive disorder, Hunter syndrome manifests almost exclu-
sively in males. However, it has been observed in females because of 
unfavorable skewing of inactivation of the normal X chromosome car-
rying the normal gene.

Marked molecular heterogeneity explains the wide clinical spec-
trum of Hunter disease. Patients with severe MPS-II have features 
similar to those of Hurler disease, except for the lack of corneal 
clouding and the somewhat slower progression of somatic and cen-
tral nervous system (CNS) deterioration. Coarse facial features, short 
stature, dysostosis multiplex, joint stiffness, and intellectual disabil-
ity manifest between 2 and 4 years of age. Grouped skin papules are 
present in some patients. Extensive congenital dermal melanocytosis 
(Mongolian spots) present at birth have been observed in African and 
Asian patients and may be an early marker of the disease. Gastroin-
testinal (GI) storage may produce chronic diarrhea. Communicating 
hydrocephalus and spastic paraplegia may develop due to thickened 
meninges. In severely affected patients, extensive, slowly progressive 
neurologic involvement precedes death, which usually occurs at age 
10-15 years.

Patients with the mild form have a near-normal or normal life span, 
minimal CNS involvement, and slow progression of somatic deteriora-
tion with preservation of cognitive function in adult life. Survival to 
ages 65 and 87 years has been reported, and some patients have had 
children. Somatic features are Hurler-like but milder with a greatly 

Table 109.1    � Recognition Pattern of  
Mucopolysaccharidoses

MANIFESTATIONS

MUCOPOLYSACCHARIDOSIS (MPS) 
TYPE

I-H I-S II III IV VI VII

Intellectual disability + − ± + − − ±

Coarse facial features + (+) + + − + ±

Corneal clouding + + − − (+) + ±

Visceromegaly + (+) + (+) − + +

Short stature + (+) + − + + +

Joint contractures + + + − − + +

Dysostosis multiplex + (+) + (+) + + +

Leucocyte inclusions + (+) + + − + +

Mucopolysacchariduria + + + + + + +

I-H, Hurler syndrome; I-S, Scheie syndrome; II, Hunter syndrome; III, Sanfilippo 
syndrome; IV, Morquio syndrome; VI, Maroteaux-Lamy syndrome; VII, Sly syndrome, 
+, presence of manifestation, −, absence of manifestation; ±, possible presence of 
manifestation; (+), mild manifestation.

MPS-I MPS-II MPS-III MPS-IV MPS-VI

Fig. 109.2  Patients with various types of mucopolysaccharidoses. MPS-I: Hurler syndrome, age 3 years; MPS-II: Hunter syndrome, 12 years; MPS-
III: Sanfilippo syndrome, 4 years; MPS-IV: Morquio syndrome, 10 years; MPS-VI: Maroteaux-Lamy syndrome, 15 years.
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A child with adenine phosphoribosyltransferase deficiency develops recurrent renal stones.
Which treatment class in the table helps prevent stones and kidney failure?

A. Xanthine oxidoreductase inhibitor

B. An opioid antagonist

C. An inhaled bronchodilator alone

D. A proton pump inhibitor alone

E. A topical corticosteroid
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Table 110.1    � Disorders of Purines and Pyrimidines with Specific Treatments

DISORDER GENE SYMBOL TREATMENT OUTCOME

APRT deficiency APRT XOR inhibitor Prevents renal stones and renal failure

Uridine-responsive epileptic  
encephalopathy

CAD Uridine Suppresses seizures, reverses neurobehavioral and 
hematologic abnormalities

Familial juvenile hyperuricemic 
nephropathy

UMOD, REN, MUC, or 
HNF-1b

XOR inhibitor Prevents renal stones, renal failure, and gout

Renal hypouricemia SLC2A9 or SLC22A12 XOR inhibitor Prevents renal stones and renal failure

Hereditary orotic aciduria UMPS Uridine Reverses neurobehavioral and hematologic deficits

Hereditary xanthinurias
Type 1 XOR XOR inhibitor Prevents renal stones and renal failure

Type 2 MOCOS XOR inhibitor Prevents renal stones and renal failure

Molybdenum cofactor deficiencies MOCS1-3, GPHN XOR inhibitor Prevents renal stones and renal failure

MOCS1 deficiency MOCS1 cPMP Reverses neurobehavioral deficits

HPRT1-associated disorders HPRT1 XOR inhibitor Prevents renal stones, renal failure, and gout

PRPP synthetase hyperactivity PRPS1 XOR inhibitor Prevents renal stones, renal failure, and gout

Nucleotidase-associated pervasive 
developmental delay

Unknown Uridine Reverses neurobehavioral deficits

The most common XOR inhibitors include allopurinol, febuxostat, and topiroxostat.
cPMP, Cyclic pyranopterin monophosphate; XOR, xanthine oxidoreductase.
Copyright H.A. Jinnah.

derivatives (see Fig. 110.1). Like the purines, the pyrimidines are key 
ingredients for nucleic acids. Nucleotide derivatives of cytidine are used 
to make DNA and RNA. Nucleotide derivatives of thymidine are used in 
DNA, but nucleotide derivatives of uridine replace thymidine in RNA.

The pyrimidines also have additional functions; CTP is used to make 
CDP-choline, an important intermediate in the production of mem-
brane phospholipids such as phosphatidylcholine. UTP is used to make 
UDP-glucose, an intermediate used in the synthesis of glycogen, as well 
as other glycosylation reactions, to make glycolipids or glycoproteins. 
UTP is also used to make UDP-glucuronic acid, an intermediate used 
in the generation of glucuronide conjugates. Glucuronide conjugates of 
certain drugs and drug metabolites are excreted in the bile, and gluc-
uronide conjugates of other endogenous biomolecules such as steroid 
hormones facilitate transport between tissues in the body.

The body’s pyrimidine levels reflect a balance between synthesis, 
catabolism, and recycling. Pyrimidines are synthesized in a path-
way that involves three enzymes which carry out six steps lead-
ing to the central metabolite UMP (Fig. 110.3). UMP can then be 
directed toward the synthesis of other pyrimidines. Pyrimidines 
are catabolized via several routes. Cytidine and uridine deriva-
tives are both converted to uracil, and ultimately to β-alanine. 
Thymidine is converted to β-aminoisobutyrate. Both β-alanine 
and β-aminoisobutyrate serve as intermediates in the citric acid 
cycle. Free pyrimidines are also recycled at several steps by kinases 
that convert nucleosides to their corresponding nucleotides (see 
Fig. 110.3). Pyrimidine disorders are rare and clinically heteroge-
neous. The heterogeneity likely reflects the different functions of 
pyrimidines in different tissues combined with differences in the 
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Fig. 110.1  The structure of purines and pyrimidines. A, The fundamental purine base and its variants adenine and guanine. B, The fundamental 
pyrimidine base and its variants cytosine, thymine, and uracil. C, The major purine and pyrimidine derivatives. Nucleosides are composed of a purine 
or pyrimidine base attached to a pentose ring. The R moiety in the pentose ring can be either an OH group (ribose for RNA) or a hydrogen (deoxy-
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Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 265 / 300

265



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 26 / 30

A child with APRT deficiency forms radiolucent stones. Which stone constituent does the
purine-disorders table identify?

A. 2,8-Dihydroxyadenine

B. Cystine

C. Calcium carbonate only

D. Struvite

E. Silica
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The clinical features of the molybdenum cofactor deficiencies are 
more severe. Individuals often present with failure to thrive during 
infancy, difficulties feeding, intractable seizures, psychomotor delay, 
and microcephaly. Brain MRI may show diffuse atrophy or cerebellar 
hypoplasia, multicystic encephalomalacia, and signal abnormalities of 

the globus pallidus. Eye findings may include ectopic lens, spheropha-
kia, and nystagmus. Most die in early childhood.

Because uric acid is included in many routine blood chemistry 
screening panels, the diagnosis of the hereditary xanthinurias often 
starts with serendipitous identification of low or absent uric acid. 
Instead, urinary xanthine and hypoxanthine are elevated. However, 
xanthine is elevated more than hypoxanthine, because the latter can 
be recycled by HGprt or cleared by the kidneys. In individuals with 
hereditary xanthinuria type II with combined deficiency of XOR and 
aldehyde oxidase, urinary methyl-2-pyridone-carboxamide also is low 
or absent. The characteristic pattern observed among individuals with 
the molybdenum cofactor deficiencies includes low uric acid in serum 
and urine along with high urinary xanthine, hypoxanthine, sulfite, and 
S-sulfocysteine. Enzymatic tests for XOR are feasible but not com-
monly used for clinical diagnosis. They require biopsy of the liver or 
small bowel where the amounts of this enzyme reach high enough lev-
els for measurement. A convenient test for aldehyde oxidase involves 
assessing its ability to oxidize a test dose of allopurinol to oxypurinol. 
Sulfite oxidase and molybdenum cofactor can be measured in liver or 
fibroblasts. A molecular diagnosis can be made by finding pathogenic 
variants in one of the relevant genes. 

Treatment and Prognosis
The treatment of all hereditary xanthinurias involves generous hydra-
tion to constantly flush xanthine from the renal collecting system to 
avoid stone formation. Hydration is sometimes combined with a low-
purine diet.

Aside from palliative care, minimal success has been achieved with 
numerous approaches to the treatment of the molybdenum cofactor 
deficiencies. However, cyclic pyranopterin monophosphate (fosdenop-
terin) can have a life-changing impact on the normally serious conse-
quences of molybdenum cofactor deficiency associated with MOCS1. 
Treatment has been reported to normalize metabolic measures and 
allow near-normal development among individuals who start it at a 
very early age before there is significant brain damage. It is approved 
for use in individuals with MOCS1 defects by the U.S. Food and Drug 
Administration (FDA). 

HPRT1-ASSOCIATED DISORDERS
Disorders associated with the HPRT1 gene are rare, with an overall 
prevalence of approximately three cases per million. Inheritance is 
X-linked and recessive, although sporadic cases are not uncommon. 
The gene encodes hypoxanthine-guanine phosphoribosyl transferase 
(HGprt), an enzyme responsible for two different reactions (see Fig. 
110.2). In one reaction, the cosubstrate phosphoribosyl pyrophosphate 
(PRPP) is combined with the purine base hypoxanthine to produce 
IMP. In the other reaction, PRPP is combined with guanine to pro-
duce GMP. IMP and GMP are then recirculated into the nucleotide 
pools. When HGprt activity is impaired, its substrates accumulate. 
Accumulation of PRPP leads to excessive drive of purine synthesis, 
because PRPP is also used in the first and rate-limiting reaction of the 
de novo synthetic pathway. The substrates hypoxanthine and guanine 
also accumulate, and they are ultimately catabolized to uric acid. The 
combination of accelerated purine synthesis and increased catabolism 
of hypoxanthine and guanine results in a marked overproduction of 
uric acid. This overproduction of uric acid is responsible for several 
clinical features of HPRT1-associated disorders, including hyperurice-
mia, nephrolithiasis, gout, and tophi.

Overproduction of uric acid is not responsible for all the clinical 
features of HGprt deficiency. Reduced HGprt activity also leads to 
impaired recycling of hypoxanthine and guanine, with purine wasting. 
This loss of purines may lead to purine deficiency, especially in tissues 
where the synthetic pathway cannot compensate for purines lost due to 
the failure of recycling. Erythrocytes lack a fully operational synthetic 
pathway, so they are dependent on recycling purines taken up from the 
blood to maintain purines. These observations may account for macro-
cytic anemia, which is common in HPRT1-associated disorders.

A similar mechanism may occur in the brain, where purine recycling 
is important because purine synthesis is relatively low. In individuals 

Table 110.2    � Disorders Influencing Uric Acid

DISORDER
GENE 

SYMBOL
SERUM 

URIC ACID
URINARY 

URIC ACID

Hereditary xanthinurias
Type I XOR ↓↓ ↓↓
Type II MOCOS
Molybdenum cofactor 

deficiencies
MOCS1-3, 

GPHN

HPRT1-associated 
disorders

HPRT1 ↑ ↑↑

PRPP dysregulation 
disorders

PRPS1 ↑ ↑

Excretion disorders

Renal hypouricemia SLC22A12, 
SLC2A9

↓↓ ↑↑

Reduced gut excretion ABCG2 ↑ ↑

Carbohydrate disorders

Fructosemia ALDOB ↑ 
(chronic or 

exercise-
induced)

↑ 
(chronic or 

exercise-
induced)

Glucose-6-phosphatase 
deficiency

SLC37AY

Glycogen debranching 
deficiency

AGL

Glycogen phosphatase 
deficiency

PYGM

Phosphofructokinase 
deficiency

PFKM

Renal insufficiency NA ↑ ↓

Tumor lysis syndrome NA ↑↑ ↑↑

NA, not applicable. Copyright H.A. Jinnah.

Table 110.3    � Renal Stones in Disorders of Purines and 
Pyrimidines

DISORDER GENE SYMBOL STONES

APRT deficiency APRT Dihydroxy-
adenine

Familial juvenile hyper- 
uricemic nephropathy

UMOD, REN, 
MUC, or HNF-1b

Uric acid

Hereditary orotic aciduria UMPS Orotic acid

Hereditary xanthinurias
Type 1 XOR Xanthine
Type 2 MOCOS Xanthine
Molybdenum cofactor 

deficiencies
MOCS1-3, GPHN Xanthine

HPRT1-associated disorders HPRT1 Uric acid

PRPP synthetase hyperactivity PRPS1 Uric acid

Tumor lysis syndrome Not applicable Uric acid

Copyright H.A. Jinnah.
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An adolescent with suspected acute intermittent porphyria has recurrent severe abdominal
pain and neuropathic symptoms. Which screening test does the comparison table emphasize
during an acute attack?

A. Urinary porphobilinogen

B. A sweat chloride test

C. A stool ova-and-parasite examination alone

D. A serum IgE level

E. An audiogram
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nonblistering photosensitivity that occurs acutely after sun exposure. 
EPP is also the most common porphyria to become manifest before 
puberty.

First-Line Laboratory Diagnostic Testing
A few sensitive and specific first-line laboratory tests should be 
obtained whenever symptoms or signs suggest the diagnosis of por-
phyria. If a first-line or screening test is significantly abnormal, more 
comprehensive testing should follow to establish the type of porphyria. 
Overuse of laboratory tests for screening can lead to unnecessary 
expense and even delay in diagnosis. In patients who present with a 
past diagnosis of porphyria, laboratory reports that were the basis for 
the original diagnosis must be reviewed, and if these were inadequate, 
further testing considered.

Acute porphyria should be suspected in patients with neurovisceral 
symptoms such as abdominal pain after puberty, when initial clini-
cal evaluation does not suggest another cause. Urinary PBG should 
be measured. Urinary PBG is virtually always increased during acute 
attacks of AIP, HCP, and VP and is not substantially increased in any 
other medical conditions. Therefore this measurement is both sensi-
tive and specific. Results from spot (single-void) urine specimens are 
highly informative because very substantial increases are expected dur-
ing acute attacks of porphyria. A 24-hour collection can unnecessar-
ily delay diagnosis. The same spot urine specimen should be saved for 
quantitative determination of PBG (expressed relative to creatinine) to 
confirm the qualitative PBG result. ALA is often measured as well, but 
is usually less elevated than PBG in AIP, HCP, and VP. In ALA dehy-
dratase porphyria (ADP), urinary ALA and porphyrins, but not PBG, 
are greatly elevated. Measurement of urinary porphyrins in addition to 
PBG is recommended to screen for acute porphyrias because PBG is often 
less elevated and returns to normal more rapidly in HCP and VP than in 
AIP. Porphyrin measurement alone should be avoided for screening, how-
ever, because it is often increased in many disorders other than porphyr-
ias, such as liver diseases, and misdiagnoses of porphyria can result from 
increases in urinary porphyrins that have no diagnostic significance.

Blistering Cutaneous Porphyrias
Blistering skin lesions caused by porphyria are virtually always accom-
panied by increases in total plasma and urinary porphyrins. Porphy-
rins in plasma in VP are mostly covalently linked to plasma proteins 
and readily detected by a diagnostic peak in a fluorescence scan-
ning method. The normal range for plasma porphyrins is somewhat 
increased in patients with end-stage renal disease. 

Nonblistering Cutaneous Porphyria
Measurement of total erythrocyte protoporphyrin and, if the total 
amount is elevated, fractionation of protoporphyrin into its metal-free 
and zinc-chelated forms, is essential for diagnosis of EPP and XLP. 
Unfortunately, this is not offered by some major commercial laborato-
ries. Results of zinc protoporphyrin measurements are often recorded 
(even in the same report) as both protoporphyrin and free erythro-
cyte protoporphyrin, with each calculated differently, based on past 
practices for screening for lead poisoning (which only increases zinc 

protoporphyrin). Thus the obsolete term free protoporphyrin does not 
mean metal-free protoporphyrin, because it was defined as iron-free 
protoporphyrin and dates from before it was known that (except in 
protoporphyrias) protoporphyrin in erythrocytes is mostly zinc che-
lated. This unnecessary confusion makes diagnosis and reliable exclu-
sion of protoporphyrias difficult. Total plasma porphyrins are elevated 
in most, but not all, cases of protoporphyria, so a normal level should 
not be relied on to exclude protoporphyria when total erythrocyte pro-
toporphyrin is elevated.

Increases in erythrocyte total and zinc-chelated protoporphyrin 
occur in many other conditions, including iron deficiency, lead poi-
soning, hemolysis, anemia of chronic disease, and other erythrocyte 
disorders. Therefore the diagnosis of EPP must be confirmed by show-
ing a predominant increase in free and metal-free protoporphyrin. In 
XLP, both free and zinc protoporphyrin are elevated. 

Second-Line Testing
More extensive testing is well justified when a first-line test is positive. 
A substantial increase in PBG may be caused by AIP, HCP, or VP, and 
these can be distinguished by measuring urinary porphyrins (using the 
same spot urine sample), fecal porphyrins, and plasma porphyrins. The 
various porphyrias that cause blistering skin lesions are differentiated 
by measuring porphyrins in urine, feces, erythrocytes, and plasma. 
Confirmation by genetic testing is important once the diagnosis is estab-
lished by biochemical testing. 

Testing for Subclinical Porphyria
It is often difficult to diagnose or rule out porphyria in patients who 
had suggestive symptoms months or years in the past and in asymp-
tomatic relatives of patients with acute porphyrias because porphyrin 
precursors and porphyrins may be normal. More extensive testing and 
consultation with a specialist laboratory and physician may be needed. 
Before evaluating relatives, the diagnosis of porphyria should be firmly 
established in an index case and the laboratory results reviewed to 
guide the choice of tests for the family members. Identification of a 
disease-causing pathogenic variant in an index case greatly facilitates 
detection of additional gene carriers because biochemical tests in latent 
carriers may be normal. 

δ-AMINOLEVULINIC ACID DEHYDRATASE– 
DEFICIENT PORPHYRIA
ALA dehydratase–deficient porphyria (ADP) is sometimes termed 
Doss porphyria after the investigator who described the first cases. 
The term plumboporphyria emphasizes the similarity of this condi-
tion to lead poisoning, but incorrectly implies that it is caused by lead 
exposure.

Etiology
This porphyria results from a deficiency of ALA dehydratase (ALAD), 
which is inherited as an autosomal recessive trait. Only eight cases have 
been confirmed by pathogenic variant analysis. The prevalence of het-
erozygous ALAD deficiency was estimated to be <1% in Germany and 
approximately 2% in Sweden. 

Table 112.2    � The Three Most Common Human Porphyrias and Major Features

PRESENTING SYMPTOMS EXACERBATING FACTORS
MOST IMPORTANT 
SCREENING TESTS TREATMENT

Acute intermittent 
porphyria

Neurologic, adult onset Drugs (mostly P450 inducers), 
progesterone, dietary restriction

Urinary porphobilinogen Hemin, glucose,  
givosiran

Porphyria cutanea 
tarda

Skin blistering and fragility 
(chronic), adult onset

Iron, alcohol, smoking, estrogens, 
hepatitis C, HIV, halogenated 
hydrocarbons

Plasma or urine porphyrins Phlebotomy, low-dose 
hydroxychloroquine, 
direct acting antivirals  
(if hepatitis C is present)

Erythropoietic 
protoporphyria

Phototoxic pain and swelling 
(mostly acute), childhood 
onset

Sunlight exposure Total erythrocyte  
protoporphyrin with metal-
free and zinc protoporphyrin

Sun protection
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A teen has severe prolonged poorly localized abdominal pain and vomiting without fever or
peritoneal signs. Which disorder in the symptom table should remain in the differential?

A. Acute porphyria

B. Acute perforated viscus as the only possibility

C. Isolated chronic myopia

D. Primary tic disorder

E. Uncomplicated allergic rhinitis
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The risk of chronic hypertension and impaired renal function is 
increased in these patients, most often with evidence of interstitial 
nephritis. A nephrotoxic effect of ALA may contribute. This may prog-
ress to severe renal failure and require renal transplantation.

Patients with recurrent attacks may develop chronic neuropathic 
pain, although this has not been well characterized. Referral to a neu-
rologist is recommended for any patient with ongoing or residual neu-
rologic symptoms. In addition, depression and anxiety are common in 
these patients. 

Treatment
Hemin
Intravenous (IV) hemin is the treatment of choice for most acute 
attacks of porphyria. There is a favorable biochemical and clini-
cal response to early treatment with hemin, but less rapid clinical 
improvement if treatment is delayed. It is no longer recommended 
that therapy with hemin for a severe attack be started only after 
an unsuccessful trial of IV glucose for several days. Mild attacks 
without severe manifestations, such as paresis, seizures, hypona-
tremia, or pain requiring opioids, may be treated with IV glucose. 
After IV administration, hemin binds to hemopexin and albumin in 
plasma and is taken up primarily in hepatocytes, where it augments 
the regulatory heme pool in hepatocytes, represses the synthesis 
of hepatic ALAS1, and dramatically reduces porphyrin precursor 
overproduction.

Hemin* is available for IV administration in the United States as 
lyophilized hematin (Panhematin, Recordati). Degradation products 
begin to form as soon as the lyophilized product is reconstituted with 
sterile water, and these can cause infusion site phlebitis and a transient 
anticoagulant effect. Repeated treatment can lead to loss of venous 
access and iron overload. Reconstitution with 30% human albumin can 
enhance stability and prevent these adverse effects and is recommended 

* Hemin is the generic name for all heme preparations used for IV administration. Hemin is 
also a chemical term that refers to the oxidized (ferric) form of heme (iron protoporphyrin 
IX) and is usually isolated as hemin chloride. In alkaline solution, the chloride is replaced 
by the hydroxyl ion, forming hydroxyheme, or hematin.

especially if a peripheral vein is used for the infusion. Uncommon side 
effects of hemin include fever, aching, malaise, hemolysis, anaphylaxis, 
and circulatory collapse. Heme arginate, a more stable hemin prepara-
tion, is available in Europe and South Africa.

Hemin treatment should be instituted only after a diagnosis of 
acute porphyria has been initially confirmed by a marked increase 
in urinary PBG. When prior documentation of the diagnosis is 
available for review, it is not essential to confirm an increase in PBG 
with every recurrent attack if other causes of the symptoms are 
excluded clinically. The standard regimen of hemin for treatment 
of acute porphyric attacks is 3-4 mg/kg/day for 4 days. Lower doses 
have less effect on porphyrin precursor excretion and probably less 
clinical benefit.

Givosiran, an ALAS1-directed interfering RNA therapeutic, is effec-
tive for preventing frequent attacks in adults with acute hepatic por-
phyrias. Clinical trials have demonstrated rapid lowering of ALA and 
PBG, resulting in a reduction in attacks, chronic symptoms, and hemin 
utilization. 

General and Supportive Measures
Drugs that may exacerbate porphyrias (see Table 112.3) should be dis-
continued whenever possible, and other precipitating factors identified. 
Hospitalization is warranted, except for mild attacks; for treatment of 
severe pain, nausea, and vomiting; for administration of hemin and 
fluids; and for monitoring vital capacity, nutritional status, neurologic 
function, and electrolytes. Pain usually requires an opioid; there is low 
risk for addiction after recovery from the acute attack. Ondansetron 
or promethazine is needed for nausea and vomiting and short-acting 
benzodiazepines for anxiety and restlessness. β-Adrenergic block-
ing agents may be useful to control tachycardia and hypertension but 
may be hazardous in patients with hypovolemia and incipient cardiac 
failure. 

Carbohydrate Loading
The effects of carbohydrates on repressing hepatic ALAS1 and reduc-
ing porphyrin precursor excretion are weak compared with those 
of hemin. Therefore carbohydrate loading is recommended only for 

Table 112.4    � Common Presenting Symptoms and Signs of Acute Porphyria

SYMPTOMS AND SIGNS FREQUENCY (%) COMMENT

GASTROINTESTINAL
Abdominal pain 85–95 Usually unremitting (for hours or longer) and poorly localized but can be cramping.

Vomiting 43–88 Neurologic in origin and rarely accompanied by peritoneal signs, fever, or leukocytosis.

Constipation 48–84 Nausea and vomiting often accompany abdominal pain. May be accompanied by 
bladder paresis.

Diarrhea 5–12

NEUROLOGIC
Pain in extremities, back 50–70 Pain may begin in the chest or back and move to the abdomen. Extremity pain from 

the chest, neck, or head indicates involvement of sensory nerves; objective sensory 
loss reported in 10–40% of cases.

Paresis 42–68 May occur early or late during a severe attack. Muscle weakness usually begins proximally 
rather than distally and more often in the upper than lower extremities.

Respiratory paralysis 9–20 Preceded by progressive peripheral motor neuropathy and paresis.

Mental symptoms 40–58 May range from minor behavioral changes to agitation, confusion, hallucinations, and 
depression.

Convulsions 10–20 A central neurologic manifestation of porphyria or caused by hyponatremia, which 
often results from syndrome of inappropriate antidiuretic hormone secretion or 
sodium depletion.

CARDIOVASCULAR
Tachycardia 64–85 May warrant treatment to control rate, if symptomatic.

Systemic arterial hypertension 36–55 May require treatment during acute attacks, and sometimes becomes chronic.

From Anderson KE, Bloomer JR, Bonkovsky HL, et al. Desnick recommendations for the diagnosis and treatment of the acute porphyrias, Ann Intern Med. 2005;142(6):439–450.

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 268 / 300

268



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 29 / 30

A child with documented hypoglycemia becomes tremulous, sweaty, and tachycardic before
confusion develops. Which physiologic response explains the first group of symptoms?

A. Autonomic activation and epinephrine release

B. Isolated cerebral glucopenia only

C. Chronic vitamin A excess

D. A primary hearing deficit

E. Acute limb ischemia
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SIGNIFICANCE AND SEQUELAE
Brain metabolism uses the majority of endogenous hepatic glucose 
production in neonates, infants, and children. Because the brain grows 
most rapidly in the first year of life and a larger proportion of glucose 
turnover is used for brain metabolism, hypoglycemia in infants and 
children can affect brain development and function and can result in 
developmental delays and learning disabilities. The brain also has the 
capacity to absorb and oxidize ketone bodies. However, the capacity of 
the liver to produce ketone bodies is limited in the immediate newborn 
period. This is especially restricted in the presence of hyperinsulin-
ism (HI), which acutely inhibits hepatic glucose output, lipolysis, and 
ketogenesis, thereby depriving the brain of any alternative fuel sources. 
Furthermore, although the brain can metabolize ketones, these alter-
native fuels cannot completely replace glucose as an essential central 
nervous system (CNS) fuel. The deprivation of the brain’s major energy 
source during hypoglycemic events has predictable adverse conse-
quences on brain metabolism and growth. These arise from decreased 
brain oxygen consumption and increased breakdown of endogenous 
structural brain components, with impairment and loss of functional 
membrane integrity.

The major long-term sequelae of hypoglycemia are developmental 
delays, learning disabilities, epilepsy, and behavioral issues. A prospec-
tive cohort study of neonates at risk for hypoglycemia found that at 
4 years of age, children who had experienced symptomatic hypogly-
cemia during the neonatal period had a two- to threefold increased 
risk of low executive and visual-motor function with greater impair-
ment in children with severe or recurrent episodes. Cross-sectional 
studies in children with HI have found that 26–48% of children with 
both transient and persistent forms of HI have abnormal neurodevel-
opment. Children with HI have the highest risk of neurologic dam-
age given the severity of the hypoglycemia in the condition and their 
inability to generate ketones as an alternative fuel for the brain. In addi-
tion, hypoglycemia associated with hypoxic-ischemic encephalopathy 
increases the risk of CNS sequalae. However, there are no precise data 

relating the duration or severity of hypoglycemia to subsequent neu-
rologic development of children in a predictable manner. Nonetheless, 
early detection of hypoglycemia and effective treatment are critical to 
mitigating the risk of brain damage and developmental delays. Many 
neonates may have asymptomatic hypoglycemia identified by routine 
screening or laboratory testing. Although asymptomatic hypoglycemia 
in an otherwise healthy newborn is usually benign and transient, there 
remains a risk that if untreated (glucose gel, human milk, formula feed-
ings), the hypoglycemia may become symptomatic. Hypoglycemia in 
older children may also produce long-term neurologic defects through 
neuronal death, mediated in part by cerebral excitotoxins released dur-
ing hypoglycemia. 

PHYSIOLOGIC MECHANISMS OF GLUCOSE 
HOMEOSTASIS
Fetal glucose is derived entirely from the mother through placental-
facilitated diffusion; therefore fetal glucose concentration reflects, but 
is slightly lower than, maternal glucose levels. After birth, plasma glu-
cose decreases, reaching a nadir at about 2 hours of life and remaining 
below the normal adult range of 70-100 mg/dL for the first 3-4 days of 
life; this is known as transitional hypoglycemia. A study of healthy, full-
term infants found a mean plasma glucose concentration of 59 ± 11 
mg/dL during the first 48 hours of life, which then increased to 83 ± 13 
mg/dL during days 4-5 of life (Fig. 113.3). Transitional asymptomatic 
hypoglycemia is likely caused by a persistence of fetal pancreatic β-cell 
fuel metabolism, which allows for the secretion of insulin at lower glu-
cose concentrations to support insulin-mediated fetal growth. Beyond 
this transitional period, plasma glucose concentration and mecha-
nisms that regulate glucose homeostasis in neonates are the same as in 
older children and adults.

During fasting, mechanisms responsible for the maintenance of 
glucose homeostasis include glycogenolysis, gluconeogenesis, lipol-
ysis, and fatty acid oxidation, as well as the hormones that regulate 
the activation of these processes (see Fig. 113.1). Plasma glucose 
concentrations are maintained by both metabolism of the nutrients 
consumed in the immediate postprandial period and then by gly-
cogenolysis and gluconeogenesis starting 2-4 hours after the meal. 
The liver of a 10-kg child contains 20-25 g of glycogen, which is suf-
ficient to meet normal glucose requirements of 4-6 mg/kg/minute 
during an overnight fast. Glucose production during this time is 
augmented by gluconeogenesis (see Fig. 113.1). Defects in glycoge-
nolysis or gluconeogenesis may not be manifested in infants until 
the frequent feeding pattern at 3- to 4-hour intervals ceases and 
infants sleep through the night, a situation usually present by 3-6 
months of age.

With prolonged fasting, the glycogen stores are depleted, and 
energy metabolism is more dependent on fatty acid and ketone oxi-
dation. Lipolysis generates fatty acids, which undergo β-oxidation in 
the liver to generate ketone bodies. Peripheral tissues use free fatty 
acids (FFAs) and ketones, whereas the CNS can use ketones for a 

Table 113.1    � Manifestations of Hypoglycemia in Childhood

FEATURES ASSOCIATED WITH ACTIVATION OF AUTONOMIC 
NERVOUS SYSTEM AND EPINEPHRINE RELEASE*
Anxiety
Perspiration
Palpitation (tachycardia)
Pallor
Tremulousness
Weakness
Hunger
Nausea
Emesis

FEATURES ASSOCIATED WITH CEREBRAL GLUCOPENIA
Headache
Mental confusion
Visual disturbances (↓ acuity, diplopia)
Inability to concentrate
Dysarthria
Staring
Paresthesias
Dizziness
Amnesia
Ataxia
Refusal to feed
Somnolence, lethargy
Seizures
Coma
Stroke, hemiplegia, aphasia
Decerebrate or decorticate posture

*Some of these features will be attenuated if the patient is receiving β-adrenergic 
blocking agents.
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Fig. 113.3  Glucose percentiles in healthy term infants. (Modified 
from Harris DL, Weston PJ, Gamble GD, Harding JE. Glucose profiles in 
healthy term infants in the first 5 days: the Glucose Well Babies (GLOW) 
study. J Pediatr. 2020;223:34–41, Fig. 2.)
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A hypoglycemic newborn has macroglossia and is large for gestational age. Which diagnosis in
the clinical-clues table should be considered?

A. Beckwith-Wiedemann syndrome with hyperinsulinism

B. Isolated familial short stature

C. Turner syndrome

D. Simple allergic rhinitis

E. Isolated vasovagal syncope

Original table 113.2  |  Nelson printed p. 982  |  PDF p. 1028

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 30
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portion of its energy needs. Defects in β-oxidation and ketogenesis 
may not manifest until fasting exceeds the overnight period or, with 
illnesses, result in catabolism, fasting, and increased body energy 
requirements.

Amino acid precursors for gluconeogenesis are derived primarily 
from muscle protein. The muscle bulk of infants and small children is 
substantially smaller relative to body mass than that of adults, whereas 
glucose requirements per unit of body mass are greater in children. 
Therefore the ability to compensate for glucose deprivation by gluconeo-
genesis is more limited in infants and young children, as is the ability to 
withstand fasting for prolonged periods. The ability of muscle to generate 
alanine, the principal gluconeogenic amino acid, may also be limited.

The switch from glycogen synthesis during and immediately after 
meals to glycogen breakdown and later gluconeogenesis is governed 
by hormones, with insulin of central importance (see Fig. 113.1). 
After a meal, plasma insulin concentrations increase to peak levels 
of 5- to 10-fold greater than their normal baseline concentration, 
which serves to lower the plasma glucose through the enhancement 
of peripheral glucose uptake, activation of glycogen synthesis, and 
inhibition of gluconeogenesis. In addition, lipogenesis is stimu-
lated, whereas lipolysis and ketogenesis are curtailed. During fast-
ing, plasma insulin concentrations fall, and together with the rise of 
counter-regulatory hormones, result in maintenance of plasma glu-
cose concentration (see Fig. 113.1).

These counter-regulatory hormones—glucagon, growth hor-
mone, cortisol, and epinephrine—act synergistically and in concert 
to increase plasma glucose concentrations by activating glycogeno-
lytic enzymes (glucagon, epinephrine); inducing gluconeogenic 
enzymes (glucagon, cortisol); inhibiting glucose uptake by muscle 
(epinephrine, growth hormone, cortisol); mobilizing amino acids 
from muscle for gluconeogenesis (cortisol); activating lipolysis and 
thereby providing glycerol for gluconeogenesis and fatty acids for 
ketogenesis (epinephrine, cortisol, growth hormone, glucagon); and 
inhibiting insulin release and promoting growth hormone and gluca-
gon secretion (epinephrine). 

CLINICAL MANIFESTATIONS
Clinical features of hypoglycemia fall into two categories: (1) symp-
toms and signs associated with the activation of the autonomic ner-
vous system and epinephrine release (autonomic symptoms) and (2) 
symptoms and signs caused by decreased cerebral glucose use (neu-
roglycopenic symptoms) (see Table 113.1). In newborns and infants, 
symptoms and signs of hypoglycemia may be subtler and include 
cyanosis, apnea, hypothermia, hypotonia, irritability, jitteriness, poor 
feeding, lethargy, and seizures. It is important to note that neonates and 
infants are frequently asymptomatic when hypoglycemic. 

DIAGNOSIS
Infants and children with a suspected hypoglycemia disorder require a 
timely and comprehensive diagnostic workup to establish the underlying 
cause and to initiate specific treatment, prevent hypoglycemia, and mini-
mize the risk of brain damage and neurologic dysfunction. The Pediatric 
Endocrine Society provides guidelines that outline which children and 
adolescents should be evaluated for a hypoglycemia disorder:
	u	 �Older children and adolescents who demonstrate Whipple’s triad
	u	 �Infants and younger children (who cannot communicate symptoms) 

with plasma glucoses <60 mg/dL on laboratory-quality assays
	 u	 �Neonates at high risk of a persistent hypoglycemic disorder
	 u	 �Glucose screening is recommended for those born large for gesta-

tional age, a history of perinatal stress, premature or postmature 
delivery, infants of diabetic mothers, family history of hypoglyce-
mia disorder, or a congenital syndrome associated with hypogly-
cemia.

	 u	 �A persistent hypoglycemia disorder should be ruled out in those 
with severe hypoglycemia (symptomatic or requiring intravenous 
[IV] dextrose), inability to maintain plasma glucose >50 mg/dL (up 
to 48 hours of life) or >60 mg/dL (after 48 hours of life), family his-
tory of a genetic form of hypoglycemia, and those with a congenital 
syndrome associated with hypoglycemia.

The etiology of hypoglycemia varies based on the age of the child, 
associated clinical and laboratory features, and more detailed diagnos-
tic testing, including gene panels or whole exome sequencing (Tables 
113.2, 113.3, 113.4, and 113.5).

A thorough history and physical exam may provide clinical clues to 
the underlying diagnosis (see Table 113.2). Evaluation for hypoglyce-
mia disorders requires obtaining blood and urine at the time of hypo-
glycemia, ideally when the plasma glucose is <50 mg/dL. This “critical 
sample” is used to measure hormones, which regulate glucose metabo-
lism, and metabolic fuels (Table 113.6, Fig. 113.4). The critical sample 
can be obtained during a spontaneous episode of hypoglycemia or dur-
ing a supervised diagnostic fast. Given the likelihood of hypoglycemia, 
a diagnostic fast should be performed in a hospital setting with close 
supervision and placement of an IV catheter to facilitate obtaining the 
critical sample. Point-of-care glucose (and β-hydroxybutyrate if avail-
able) should be followed closely, so the samples can be obtained as soon 
as the plasma glucose falls below 50 mg/dL. The evaluation of neonates 
should not occur during the first 48-72 hours of life to avoid the period 
of transitional hypoglycemia.

After the critical sample is obtained and before the child is allowed 
to eat, a glucagon stimulation test should be performed to assess for 
hyperinsulinism. While the child is still hypoglycemic, 1 mg of gluca-
gon is administered, and glucose is measured by a point-of-care meter 
every 10 minutes for a total of 40 minutes. A greater than 30-point 
rise in plasma glucose concentration is consistent with insulin excess 
or hyperinsulinism. If children do not have an increase in their glucose 
during the first 20 minutes of the test, the test should be terminated and 
the child should be given juice or IV dextrose as rescue therapy.

The levels of alternative fuels at the time of hypoglycemia (β-
hydroxybutyrate, FFAs, and lactate) allow for the classification of the 
hypoglycemia disorders into four distinct groups (see Fig. 113.4). The 
results from the critical sample then allow for narrowing of the dif-
ferential and guide additional testing. Interpretation of the critical 
sample results has several important caveats. Low cortisol and growth 
hormone levels on the critical sample are not diagnostic of a hormone 
deficiency, and in most cases, the appropriate (specific) stimulation 
testing is needed if these levels are low. Additionally, a low or undetect-
able insulin level does not rule out hyperinsulinism. Insulin concentra-
tions can be affected by hemolysis, and assays have variable sensitivity 
for detecting insulin. Other biomarkers of insulin effect, such as β-
hydroxybutyrate (to evaluate ketogenesis), FFAs (to evaluate lipolysis), 
and the glycemic response to glucagon (to evaluate glycogenolysis), 
should be used to assess for hyperinsulinism. 

Table 113.2    � Clinical Features of Hypoglycemia Disorders

BIRTH HISTORY
  Large for gestational age Congenital HI, BWS
  Small for gestational age Perinatal stress HI
  Maternal gestational diabetes Infant of diabetic mother,  

dominant KATP -HI

FAMILY HISTORY
  Sudden infant death Fatty acid oxidation disorder
  Diabetes* HNF4A-HI, HNF1A-HI, dominant 

KATP -HI

PHYSICAL EXAM
  Hepatomegaly Glycogen storage disease
  Congenital heart disease Perinatal stress HI, Kabuki or 

Turner syndrome
  Midline defect Hypopituitarism
  Macroglossia BWS
  Hyperpigmentation Primary adrenal insufficiency
  Short stature Growth hormone deficiency, 

glycogen storage disease

*Specifically, non–type 1 diabetes diagnosed at a younger age in lean individuals.
HI, Hyperinsulinism; BWS, Beckwith-Wiedemann syndrome; KATP, ATP-sensitive potas-

sium channel; HNF, hepatocyte nuclear factor.
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A preterm newborn has transient low glucose shortly after birth that resolves as feeding is
established. Which category in the classification table is most consistent?

A. Neonatal transitional hypoglycemia

B. Persistent congenital hyperinsulinism

C. An inherited glycogen storage disease

D. Acquired insulinoma

E. Adult-onset type 2 diabetes

Original table 113.3  |  Nelson printed p. 983  |  PDF p. 1029

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 1
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Table 113.3    � Classification of Hypoglycemia in Infants and Children

NEONATAL TRANSITIONAL (ADAPTIVE) HYPOGLYCEMIA
Associated with inadequate substrate or immature enzyme function  

in otherwise normal neonates
Prematurity
Small for gestational age
Normal newborn

Transient Neonatal Hyperinsulinism
Infant of diabetic mother
Small for gestational age
Discordant twin
Birth asphyxia
Infant of toxemic mother

NEONATAL, INFANTILE, OR CHILDHOOD PERSISTENT  
HYPOGLYCEMIA
Hyperinsulinism (see Tables 113.4 and 113.5)
Counter-Regulatory Hormone Deficiency
Panhypopituitarism
Isolated growth hormone deficiency
Adrenocorticotropic hormone deficiency
Addison disease (including congenital adrenal hypoplasia, adrenal 

leukodystrophy, triple A syndrome, ACTH receptor deficiency, and 
autoimmune disease complex)

Epinephrine deficiency

Glycogenolysis and Gluconeogenesis Disorders
Glucose-6-phosphatase deficiency (GSD Ia)
Glucose-6-phosphate translocase deficiency (GSD Ib)
Amylo-1,6-glucosidase (debranching enzyme) deficiency (GSD III)
Liver phosphorylase deficiency (GSD VI)
Phosphorylase kinase deficiency (GSD IX)
Glycogen synthetase deficiency (GSD 0)
Fructose-1,6-diphosphatase deficiency
Pyruvate carboxylase deficiency
Galactosemia
Hereditary fructose intolerance

Lipolysis Disorders
Fatty Acid Oxidation Disorders
Carnitine transporter deficiency (primary carnitine deficiency)
Carnitine palmitoyltransferase-1deficiency
Carnitine translocase deficiency
Carnitine palmitoyltransferase-2 deficiency
Secondary carnitine deficiencies
Very long-, long-, medium-, and short-chain acyl-CoA dehydrogenase 

deficiency

OTHER ETIOLOGIES
Substrate-Limited Causes
Ketotic hypoglycemia
Poisoning—drugs

Salicylates
Alcohol
Oral hypoglycemic agents
Insulin
Propranolol
Pentamidine
Quinine
Disopyramide
Ackee fruit (unripe)—hypoglycin
Litchi-associated toxin (toxic hypoglycemic syndrome)
Vacor (rat poison)
Trimethoprim-sulfamethoxazole (with renal failure)
L-Asparaginase and other antileukemic drugs

Liver Disease
Reye syndrome
Hepatitis
Cirrhosis
Hepatoma

AMINO ACID AND ORGANIC ACID DISORDERS
Maple syrup urine disease
Propionic acidemia
Methylmalonic acidemia
Tyrosinosis
Glutaric aciduria
3-Hydroxy-3-methylglutaric aciduria

SYSTEMIC DISORDERS
Sepsis
Carcinoma/sarcoma (secreting—insulin-like growth factor II)
Heart failure
Malnutrition
Malabsorption
Antiinsulin receptor antibodies
Antiinsulin antibodies
Neonatal hyperviscosity
Renal failure
Diarrhea
Burns
Shock
Chiari malformation
Postsurgical complication
Pseudohypoglycemia (leukocytosis, polycythemia)
Excessive insulin therapy of insulin-dependent diabetes mellitus
Factitious disorder
Nissen fundoplication (dumping syndrome)
Falciparum malaria

GSD, Glycogen storage disease; HI, hyperinsulinemia; KATP, regulated potassium channel.

MANAGEMENT
Acute Treatment
A child presenting with hypoglycemia should be rapidly treated with 
oral carbohydrates or IV dextrose to normalize their plasma glucose 
(>70 mg/dL). If the child is asymptomatic or has mild symptoms and is 
capable of oral intake, the hypoglycemia can be treated with 15 grams 
of rapid-acting carbohydrates, such as 4 ounces of juice or two graham 
crackers. If a child is symptomatic or unable to tolerate oral intake (risk 
of aspiration, impending depressed level of consciousness), 2 mL/kg of 
dextrose 10% water (D10W) should be administered. After adminis-
tration of the bolus, the child should be placed on an IV dextrose infu-
sion (for infants, a glucose infusion rate of 5-6 mg/kg/minute and for 
older children 2-3 mg/kg/minute) to prevent recurrent hypoglycemia. 
Plasma glucose via point-of-care testing should be monitored every 15-
20 minutes until it is >70 mg/dL, and then checks may be spaced once 
stable levels are demonstrated.

In an asymptomatic child with a plasma glucose <50 mg/dL, a critical 
sample can be obtained if the appropriate supplies and tubes are readily 
available. Otherwise, treatment of the hypoglycemia should not be delayed. 

Table 113.4    � Endocrine and Metabolic Causes of 
Hyperinsulinemic Hypoglycemia

TRANSIENT
Infant of diabetic mother
Perinatal asphyxia
Rhesus hemolytic disease
Intrauterine growth restriction
HNF4A / HNF1A

CONGENITAL
ABCC8 / KCNJ11 / GCK / GDH / HADH / HNF4A / HNF1A / UCP2 / 

SLC16A1 / PMM2 / HK1 / PGM1 / FOXA2 / CACNA1D / EIF2S3

OTHERS
Postprandial hyperinsulinemic hypoglycemia
Insulinoma
Munchausen by proxy
Exercise-induced hyperinsulinemic hypoglycemia

Modified from Güemes M, Rahman SA, Kapoor RR, et al. Hyperinsulinemic hypoglyce-
mia in children and adolescents: recent advances in understanding of pathophysiology 
and management. Rev Endo Metab Dis. 2020;21:577–597, Table 1.
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A neonate of a mother with diabetes has hypoglycemia shortly after delivery with evidence of
excess insulin. Which mechanism group in the table applies?

A. Transient hyperinsulinemic hypoglycemia

B. Primary adrenal insufficiency only

C. Isolated fatty acid oxidation failure

D. A chronic insulinoma in every case

E. Primary renal glucose wasting

Original table 113.4  |  Nelson printed p. 983  |  PDF p. 1029

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 2
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Table 113.3    � Classification of Hypoglycemia in Infants and Children

NEONATAL TRANSITIONAL (ADAPTIVE) HYPOGLYCEMIA
Associated with inadequate substrate or immature enzyme function  

in otherwise normal neonates
Prematurity
Small for gestational age
Normal newborn

Transient Neonatal Hyperinsulinism
Infant of diabetic mother
Small for gestational age
Discordant twin
Birth asphyxia
Infant of toxemic mother

NEONATAL, INFANTILE, OR CHILDHOOD PERSISTENT  
HYPOGLYCEMIA
Hyperinsulinism (see Tables 113.4 and 113.5)
Counter-Regulatory Hormone Deficiency
Panhypopituitarism
Isolated growth hormone deficiency
Adrenocorticotropic hormone deficiency
Addison disease (including congenital adrenal hypoplasia, adrenal 

leukodystrophy, triple A syndrome, ACTH receptor deficiency, and 
autoimmune disease complex)

Epinephrine deficiency

Glycogenolysis and Gluconeogenesis Disorders
Glucose-6-phosphatase deficiency (GSD Ia)
Glucose-6-phosphate translocase deficiency (GSD Ib)
Amylo-1,6-glucosidase (debranching enzyme) deficiency (GSD III)
Liver phosphorylase deficiency (GSD VI)
Phosphorylase kinase deficiency (GSD IX)
Glycogen synthetase deficiency (GSD 0)
Fructose-1,6-diphosphatase deficiency
Pyruvate carboxylase deficiency
Galactosemia
Hereditary fructose intolerance

Lipolysis Disorders
Fatty Acid Oxidation Disorders
Carnitine transporter deficiency (primary carnitine deficiency)
Carnitine palmitoyltransferase-1deficiency
Carnitine translocase deficiency
Carnitine palmitoyltransferase-2 deficiency
Secondary carnitine deficiencies
Very long-, long-, medium-, and short-chain acyl-CoA dehydrogenase 

deficiency

OTHER ETIOLOGIES
Substrate-Limited Causes
Ketotic hypoglycemia
Poisoning—drugs

Salicylates
Alcohol
Oral hypoglycemic agents
Insulin
Propranolol
Pentamidine
Quinine
Disopyramide
Ackee fruit (unripe)—hypoglycin
Litchi-associated toxin (toxic hypoglycemic syndrome)
Vacor (rat poison)
Trimethoprim-sulfamethoxazole (with renal failure)
L-Asparaginase and other antileukemic drugs

Liver Disease
Reye syndrome
Hepatitis
Cirrhosis
Hepatoma

AMINO ACID AND ORGANIC ACID DISORDERS
Maple syrup urine disease
Propionic acidemia
Methylmalonic acidemia
Tyrosinosis
Glutaric aciduria
3-Hydroxy-3-methylglutaric aciduria

SYSTEMIC DISORDERS
Sepsis
Carcinoma/sarcoma (secreting—insulin-like growth factor II)
Heart failure
Malnutrition
Malabsorption
Antiinsulin receptor antibodies
Antiinsulin antibodies
Neonatal hyperviscosity
Renal failure
Diarrhea
Burns
Shock
Chiari malformation
Postsurgical complication
Pseudohypoglycemia (leukocytosis, polycythemia)
Excessive insulin therapy of insulin-dependent diabetes mellitus
Factitious disorder
Nissen fundoplication (dumping syndrome)
Falciparum malaria

GSD, Glycogen storage disease; HI, hyperinsulinemia; KATP, regulated potassium channel.

MANAGEMENT
Acute Treatment
A child presenting with hypoglycemia should be rapidly treated with 
oral carbohydrates or IV dextrose to normalize their plasma glucose 
(>70 mg/dL). If the child is asymptomatic or has mild symptoms and is 
capable of oral intake, the hypoglycemia can be treated with 15 grams 
of rapid-acting carbohydrates, such as 4 ounces of juice or two graham 
crackers. If a child is symptomatic or unable to tolerate oral intake (risk 
of aspiration, impending depressed level of consciousness), 2 mL/kg of 
dextrose 10% water (D10W) should be administered. After adminis-
tration of the bolus, the child should be placed on an IV dextrose infu-
sion (for infants, a glucose infusion rate of 5-6 mg/kg/minute and for 
older children 2-3 mg/kg/minute) to prevent recurrent hypoglycemia. 
Plasma glucose via point-of-care testing should be monitored every 15-
20 minutes until it is >70 mg/dL, and then checks may be spaced once 
stable levels are demonstrated.

In an asymptomatic child with a plasma glucose <50 mg/dL, a critical 
sample can be obtained if the appropriate supplies and tubes are readily 
available. Otherwise, treatment of the hypoglycemia should not be delayed. 

Table 113.4    � Endocrine and Metabolic Causes of 
Hyperinsulinemic Hypoglycemia

TRANSIENT
Infant of diabetic mother
Perinatal asphyxia
Rhesus hemolytic disease
Intrauterine growth restriction
HNF4A / HNF1A

CONGENITAL
ABCC8 / KCNJ11 / GCK / GDH / HADH / HNF4A / HNF1A / UCP2 / 

SLC16A1 / PMM2 / HK1 / PGM1 / FOXA2 / CACNA1D / EIF2S3

OTHERS
Postprandial hyperinsulinemic hypoglycemia
Insulinoma
Munchausen by proxy
Exercise-induced hyperinsulinemic hypoglycemia

Modified from Güemes M, Rahman SA, Kapoor RR, et al. Hyperinsulinemic hypoglyce-
mia in children and adolescents: recent advances in understanding of pathophysiology 
and management. Rev Endo Metab Dis. 2020;21:577–597, Table 1.
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A large-for-gestational-age infant has macroglossia, an abdominal-wall defect, and persistent
hyperinsulinemic hypoglycemia. Which syndrome in the table best fits?

A. Beckwith-Wiedemann syndrome

B. Turner syndrome

C. Marfan syndrome

D. Fragile X premutation

E. Classic phenylketonuria

Original table 113.5  |  Nelson printed p. 984  |  PDF p. 1030

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 3
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Ongoing Management
Treatment goals of hypoglycemia disorders include maintaining 
euglycemia (plasma glucose >70 mg/dL), promoting normal devel-
opment, and monitoring for medication side effects. Once the diag-
nostic evaluation identifies a specific hypoglycemia disorder, tailored 
treatment should be initiated promptly. Effective treatment allows the 
child to maintain euglycemia, both while eating an age-appropriate 
diet and fasting overnight. Continuous or forced feeds should not 
be used as treatment for hypoglycemia, as they result in long-term 
oral aversion and excessive weight gain. Additionally, hypoglycemia 
should not routinely be treated with steroids or cornstarch unless 
indicated as a treatment for specific disorders, such as adrenal insuf-
ficiency or glycogen storage disease. Home glucose monitoring is 
required for all children with hypoglycemia disorders and is particu-
larly important during times of illnesses, as this may provoke addi-
tional hypoglycemia.

Management of individual hypoglycemia disorders is given in more 
detail in the following sections and in Table 113.7. 

DISORDERS OF HYPOGLYCEMIA
Disorders of hypoglycemia can be classified by the metabolic fuel 
response to fasting (see Fig. 113.4).

Insulin-Mediated Disorders
Insulin-mediated disorders (see Table 113.4) are characterized by low 
plasma β-hydroxybutyrate and FFAs and a positive glycemic response 
to glucagon (Table 113.8).

Hyperinsulinism
HI is the most common cause of persistent hypoglycemia in infants and 
children. HI is caused by dysregulated insulin secretion by the pan-
creatic β-cells, resulting in severe and recurrent hypoglycemia (Fig. 
113.5). HI can be categorized into three main forms: (1) perinatal 
stress-induced, (2) congenital or monogenic (see Table 113.4), and (3) 
syndromic (see Table 113.5).

Perinatal stress-induced HI (PSHI), the most common form of HI, 
occurs in the setting of stress on the fetus in utero or during delivery. 

Table 113.5    � Syndromic Forms of Hyperinsulinemic Hypoglycemia*

SYNDROME NAME
GENETIC ETIOLOGY
GENE (LOCATION) CLINICAL CHARACTERISTICS

PRENATAL AND POSTNATAL OVERGROWTH (MACROSOMIA)
Beckwith-Wiedemann (11p15) Macroglossia, abdominal wall defects, ear lobe pits/creases,  

hemihypertrophy, tumor risk; IUGR if associated with 
placental  
mesenchymal dysplasia

Sotos NSD1 (5q35) Macrocephaly, frontal bossing, pointed chin, developmental 
delay, tumor risk

Simpson-Golabi-Behmel GPC3 (Xq26), GPC4 (Xp22) Coarse facial features, broad feet, polydactyly, cryptorchidism, 
hepatomegaly, tumor risk

Perlman DIS3L2 (2q37) Inverted V-shaped upper lip, prominent forehead, 
developmental delay, hypotonia, tumor risk

POSTNATAL GROWTH FAILURE (SHORT STATURE)
Kabuki KMT2D (12q13), KDM6A (Xp11.3) Arched eyebrows, long eyelashes, developmental delay, fetal 

finger pads, scoliosis, heart defects, hypotonia

Costello HRAS (11p15) Deep palmar/plantar creases, developmental delay, coarse 
facial features, heart abnormalities, papillomas, tumor risk

CHROMOSOMAL ABNORMALITY
Mosaic Turner Loss of X in some cells Milder Turner syndrome phenotype (short stature, coarctation 

of aorta, gonadal dysgenesis)

Patau Trisomy 13 Developmental delay, microphthalmia, heart and neural 
defects

CONGENITAL DISORDERS OF GLYCOSYLATION
Types 1a, 1b, and 1d PMM2 (16p13.2), MPI (15q24.1), ALG3 (3q27.1) Developmental delay, hypotonia, growth failure

CONTIGUOUS GENE DELETION AFFECTING THE ABCC8 GENE
Usher 11 genes Hearing loss, visual impairment

ABNORMALITIES IN CALCIUM HOMOEOSTASIS
Timothy CACNA1C (12p13.33) Long QT syndrome, syndactyly, developmental delay, immune 

deficiency

INSULIN RECEPTOR PATHOGENIC VARIANT
Insulin resistance syndrome 

(leprechaunism)
INS (19p13) Hypoglycemia and hyperglycemia, prenatal and postnatal 

growth restriction, elfin-like features, hirsutism

OTHER SYNDROMES
Congenital central 

hypoventilation syndrome
PHOX2B (4p13) Central hypoventilation, “box-shaped” face, 

neurocristopathies (Hirschsprung disease, tumor risk)

IUGR, intrauterine growth restriction.
*Various developmental syndromes have been described with the gene/s linked to the condition and the common clinical features.
Modified from Güemes M, Rahman SA, Kapoor RR, et al. Hyperinsulinemic hypoglycemia in children and adolescents: recent advances in understanding of pathophysiology and 
management. Rev Endo Metab Dis. 2020;21:577–597, Table 2.
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A child has recurrent unexplained hypoglycemia. Which diagnostic step in the table is most
informative if safely obtained during an episode?

A. Collect a critical sample while plasma glucose is low

B. Wait until after intravenous glucose and a full meal for every test

C. Measure only height at a routine visit

D. Use a random urine dipstick as the complete workup

E. Avoid ketone measurement

Original table 113.6  |  Nelson printed p. 985  |  PDF p. 1031
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In a study of 514 neonates at risk of hypoglycemia, 19% of late-preterm 
and small-for-gestational-age (SGA) infants had recurrent hypoglyce-
mia, which is concerning for PSHI. Common causes of PSHI include 
intrauterine growth restriction, being born SGA, maternal preeclamp-
sia, birth asphyxia, and congenital heart disease. Most infants with PSHI 
respond to diazoxide, although a subset, particularly those with liver 
dysfunction and hypoxic ischemic encephalopathy, may fail to respond. 
PSHI typically resolves within the first 3-6 months of life.

Congenital HI is the result of genetic defects in the insulin secre-
tory pathways of the β-cell. It is estimated to occur in 1:28,000-50,000 
live births but may be as high as 1:3,000 in populations with a high 
frequency of consanguinity. The most common and severe type of con-
genital HI is caused by inactivating pathogenic variants of ABCC8 and 
KCNJ11, which encode the ATP-sensitive potassium (KATP) channel of 
the β-cell. Infants born with KATP-HI are commonly large for gestation 
age and have high glucose requirements (glucose infusion rate [GIR] 
>10 mg/kg/min) (see Fig. 113.5). However, the spectrum of presen-
tation is wide, and some infants have normal birthweights and lower 
glucose requirements. In addition to fasting hypoglycemia, children 
with this type of HI have protein-induced hypoglycemia, in which 
isolated protein ingestion leads to increased insulin secretion and low 
plasma glucose. KATP-HI is most frequently unresponsive to treatment 

with diazoxide, the only approved drug for HI, which acts on the KATP 
channel.

KATP-HI has two distinct histologic forms: a diffuse form, in which 
β-cells throughout the pancreas show evidence of hyperactivity, and 
a focal form, characterized by a localized area of β-cell overgrowth 
or adenomatosis. The diffuse form is caused by biallelic recessive 
pathogenic variants in ABCC8 or KCNJ11 or, less commonly, mono-
allelic dominant pathogenic variants of these genes. Focal HI occurs 
as a result of a “two-hit” mechanism: a paternally inherited recessive 
pathogenic variant in ABCC8 or KCNJ11 combined with somatic loss 
of the maternal 11p15 region, resulting in paternal uniparental isodi-
somy. Infants with the focal form are cured with resection of the focal 
lesion. In contrast, those with the diffuse form may require a pal-
liative near-total pancreatectomy if intensive medical therapy fails to 
control the hypoglycemia (Fig. 113.6). Given the different treatment 
approaches and outcomes for the diffuse and focal forms of KATP-HI, 
distinguishing between the two is critical and is best done through 
genetic testing. A paternally inherited recessive pathogenic variant 
in ABCC8 or KCNJ11 has a 94% positive predictive value for focal 
KATP-HI.

In children with genetic testing consistent with the focal form, an 
18-fluoro L-3,4-dihydroxyphenylalanine positron emission tomogra-
phy (18F-DOPA PET) scan is used before surgery to localize the focal 
lesion (see Fig. 113.6). Frozen section evaluation of biopsies taken 
during surgery is used to confirm the presence of the focal lesion and 
guides the extent of the resection. Children with the focal form of HI 
should receive care at specialized centers with 18F-DOPA PET access 
and a multidisciplinary team of endocrinologists, surgeons, patholo-
gists, and radiologists with expertise in HI. Children with the diffuse 
form also benefit from care at these centers because their management 
and the decision to pursue intensive medical therapy or a near-total 
pancreatectomy are complex.

The second most common form of congenital HI is caused by domi-
nant activating pathogenic variants of GLUD1, which encodes glu-
tamate dehydrogenase (GDH). This protein regulates the first step of 
amino acid–stimulated insulin secretion in the β-cell. Children with 
GDH-HI or hyperinsulinism-hyperammonemia syndrome (HI/HA) 
have fasting hypoglycemia, significant protein-induced hypoglyce-
mia, and elevated plasma ammonia concentration. Seizures, attention-
deficit disorder, and learning disabilities also occur in this form of HI, 
and these neurologic issues do not seem to correlate with the degree of 
hypoglycemia or ammonia elevation. This form of HI responds well to 
diazoxide.

Activating pathogenic variants of GCK, which encodes glucoki-
nase, cause an autosomal dominant form of congenital HI. Glucoki-
nase is the key enzyme triggering glucose-mediated insulin secretion. 
Children with GCK-HI have fasting hypoglycemia of variable severity 
and diazoxide responsiveness. Severe cases may require a near-total 
pancreatectomy.

Pathogenic variants in HNF4A and HNF1A, which encode the tran-
scription factors hepatic nuclear factors 4-alpha and 1-alpha, cause a 
dominant form of diazoxide-responsive HI. These infants may be large 
for gestational age and have high GIR requirements at birth. The HI 
resolves within the first several years of life. However, some individu-
als experience progressive β-cell failure and progress to an early-onset 
diabetes, known as maturity-onset diabetes of the young (MODY).

Syndromes associated with HI are increasingly being recognized 
(see Table 113.5). Beckwith-Wiedemann syndrome (BWS), an imprint-
ing disorder, is characterized by macroglossia, lateralized overgrowth, 
omphalocele, and a predisposition to embryonal tumors (Fig. 113.7). 
Hyperinsulinism occurs in approximately 50% of infants with BWS, 
although most cases are mild and resolve within the first several weeks 
of life. These cases are typically responsive to diazoxide. Children 
with BWS caused by paternal uniparental isodisomy of 11p can have 
severe and persistent HI, which does not respond to diazoxide and may 

Table 113.6    � Hypoglycemia Diagnostic Evaluation

“CRITICAL SAMPLE” TO BE OBTAINED WHEN PLASMA  
GLUCOSE <50 MG/DL
LABORATORY TEST INTERPRETATION

Comprehensive  
metabolic panel

Low HCO3 suggests elevation of ketones 
or lactate

Elevated liver function tests may indicate 
GSD

β-hydroxybutyrate Low levels suggest insulin excess (most 
commonly HI) or FAO disorder

Elevated levels suggest GSD, hormone 
deficiency, or ketone utilization disorder

Insulin
C-peptide

Detectable levels consistent with insulin 
excess

Detectable insulin with undetectable 
c-peptide is consistent with exogenous 
insulin

Cortisol
Growth hormone

Low levels concerning for hormone 
deficiency; need stimulation testing to 
confirm

Lactate Elevated levels concerning for disorder of 
gluconeogenesis

Ammonia Elevation can be seen in forms of HI and 
in IEM

Acylcarnitine profile
Free and total carnitine
Urine organic acids

Abnormalities suggestive of FAO disorder

IGF-BP1 Low levels suggest insulin excess

GLUCAGON STIMULATION TEST
Administer 1 mg of glucagon IV or IM when plasma glucose <50 mg/dL
Check point-of-care glucose every 10 min for 40 min
If glucose does not increase 20 points in 20 min, terminate test and 

feed child
Interpretation: Increase in glucose by 30 points is consistent with 

insulin excess

HCO3, Bicarbonate; GSD, glycogen storage disorder; HI, hyperinsulinism; FAO, fatty 
acid oxidation; IEM, inborn errors of metabolism.
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A child with confirmed congenital hyperinsulinism needs pharmacologic therapy under
specialist care. Which table-listed agent is used to reduce insulin-driven hypoglycemia?

A. Diazoxide

B. Albuterol

C. Oral iron

D. Lidocaine cream

E. Cholestyramine
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tachyphylaxis. A long-acting analog, lanreotide, is administrated 
monthly in children greater than 1 year old and can be an effective 
and more convenient alternative to octreotide. Somatostatin ana-
logs should not be used in neonates or infants less than 2 months 
old because they are associated with fulminant necrotizing entero-
colitis. Continuous intragastric dextrose administered via gastros-
tomy tube is used in combination with a somatostatin analog and 
allows for an age-appropriate feeding schedule. 

Infants Born to Diabetic Mothers
See Chapter 147.1.

Gestational diabetes affects approximately 2% of pregnant 
women, and 1 in 1,000 pregnant women have insulin-dependent 
diabetes. Infants born to mothers with poorly controlled diabetes 
are born large for gestational age and with severe hypoglycemia 
resulting from a transient hyperinsulinemic state. Exposed to high 
glucose concentrations, the fetal islets compensate with increased 
insulin secretion that, during intrauterine life, leads to over-
growth and, after birth, results in hypoglycemia. The hypoglycemia 

resolves within the first 3-7 days of life. Mothers whose diabetes 
has been well controlled during pregnancy, labor, and delivery gen-
erally have infants near normal size who are less likely to develop 
hypoglycemia. 

Insulinoma
Older children and adolescents presenting with insulin-mediated 
hypoglycemia should be evaluated for an insulinoma, a rare islet cell 
tumor. These tumors may be insidious, slow growing, and difficult 
to localize with conventional imaging modalities. Surgical resection 
is curative. Children diagnosed with an insulinoma should undergo 
genetic testing for the tumor predisposition syndrome, multiple endo-
crine neoplasia type 1 (MEN1). 

Factitious Hypoglycemia
Surreptitious administration of insulin presents with abrupt onset 
and erratic hypoglycemia. In a younger child, a parent or guardian 
may provoke hypoglycemia (factitious disorder imposed on another: 
Munchhausen by proxy), but an adolescent may be self-administering 
insulin. The biochemical hallmark of exogenous insulin administra-
tion is a detectable insulin level with undetectable c-peptide. However, 
specialized assays may be needed to detect the analog insulins, such 
as aspart or glargine. Intentional or accidental ingestion of sulfonyl-
ureas also presents with hypoglycemia. In these cases, both insulin and 
c-peptide are detectable, and sulfonylurea blood levels are required for 
confirmation.

Defects of Fatty Acid Oxidation
Fatty acid oxidation disorders are characterized by low plasma β-
hydroxybutyrate and high plasma FFAs. See Chapter 106.1.

Multiple enzymatic deficiencies in the mitochondria pathway of 
fatty acid oxidation cause defective carnitine or fatty acid metabolism. 
These disorders are characterized by fasting hypoglycemia, hepato-
megaly, cardiomyopathy, and hypotonia, although the spectrum of 
severity is wide. Infants may present with a Reye-like syndrome (see 

Table 113.7    � Treatments for Hypoglycemia Disorders

DRUG/THERAPY INDICATION DOSE (ROUTE OF ADMINISTRATION) SIDE EFFECTS/COMMENTS

Diazoxide HI 5-15 mg/kg/day every 12 hr (PO) Hypertrichosis, fluid overload* neutropenia, 
thrombocytopenia, respiratory distress, 
hyperglycemia

Octreotide HI 2-20 mcg/kg/day every 6 hr (SQ) Gallstones, transaminitis, malabsorption,  
suppression of thyroid and growth hormones

Lanreotide HI 60-90 mg every 28 days (SQ) Gallstones, transaminitis, malabsorption,  
suppression of thyroid and growth hormones

Enteral D20 HI Up to 10 mg/kg/min continuously (via 
gastrostomy or nasogastric tube)

Vomiting, diarrhea, fluid overload

Cornstarch GSD, rarely FAOD, IKH 1-2 g/kg per dose (PO) Diarrhea in infants

Growth hormone Growth hormone 
deficiency

0.3 mg/kg/wk daily or every 12 hr (infants) 
(SQ)

Pseudotumor cerebri, edema, slipped capital 
femoral epiphysis, hyperglycemia

Hydrocortisone Adrenal insufficiency 8-12 mg/m2/day (PO) High doses: Immunosuppression, 
hyperglycemia, hypertension, obesity

Acarbose Postprandial 
hypoglycemia

12.5-50 mg with meals Transaminitis, diarrhea, abdominal pain

PANCREATECTOMY
Partial Focal HI

Insulinoma
>50% pancreatectomy increases risk of  

diabetes and exocrine insufficiency later in life

Near-total (98%) Severe diffuse HI Insulin-dependent diabetes, exocrine  
insufficiency

*Concomitant use of diuretics is strongly recommended in neonates and infants; older children may require this as well.
HI, Hyperinsulinism; GSD, glycogen storage disease; FAOD, fatty acid oxidation disorder; IKH, idiopathic ketotic hypoglycemia.

Table 113.8    � Criteria for Diagnosing Hyperinsulinism and 
Other Forms of Insulin Excess

DRAWN AT A TIME OF FASTING HYPOGLYCEMIA:  
PLASMA GLUCOSE <50 MG/DL
Detectable insulin or c-peptide (plasma insulin ≥2 μU/mL or plasma 

C-peptide ≥0.5 ng/mL)*

Hypofattyacidemia (plasma free fatty acids <1.7 mmol/L)

Hypoketonemia (plasma β-hydroxybutyrate <1.8 mmol/L)

Inappropriate glycemic response to glucagon (increase in glucose 
>30 mg/dL)

*Depends on sensitivity of insulin assay. Detectable insulin and C-peptide is not neces-
sary to make a diagnosis of HI.
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During a hypoglycemic critical sample, a child has suppressed ketones and free fatty acids with
an inappropriate rise in glucose after glucagon. Which cause is supported?

A. Excess insulin action

B. Normal prolonged fasting adaptation

C. Complete absence of insulin

D. Isolated dehydration

E. Pure anemia
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tachyphylaxis. A long-acting analog, lanreotide, is administrated 
monthly in children greater than 1 year old and can be an effective 
and more convenient alternative to octreotide. Somatostatin ana-
logs should not be used in neonates or infants less than 2 months 
old because they are associated with fulminant necrotizing entero-
colitis. Continuous intragastric dextrose administered via gastros-
tomy tube is used in combination with a somatostatin analog and 
allows for an age-appropriate feeding schedule. 

Infants Born to Diabetic Mothers
See Chapter 147.1.

Gestational diabetes affects approximately 2% of pregnant 
women, and 1 in 1,000 pregnant women have insulin-dependent 
diabetes. Infants born to mothers with poorly controlled diabetes 
are born large for gestational age and with severe hypoglycemia 
resulting from a transient hyperinsulinemic state. Exposed to high 
glucose concentrations, the fetal islets compensate with increased 
insulin secretion that, during intrauterine life, leads to over-
growth and, after birth, results in hypoglycemia. The hypoglycemia 

resolves within the first 3-7 days of life. Mothers whose diabetes 
has been well controlled during pregnancy, labor, and delivery gen-
erally have infants near normal size who are less likely to develop 
hypoglycemia. 

Insulinoma
Older children and adolescents presenting with insulin-mediated 
hypoglycemia should be evaluated for an insulinoma, a rare islet cell 
tumor. These tumors may be insidious, slow growing, and difficult 
to localize with conventional imaging modalities. Surgical resection 
is curative. Children diagnosed with an insulinoma should undergo 
genetic testing for the tumor predisposition syndrome, multiple endo-
crine neoplasia type 1 (MEN1). 

Factitious Hypoglycemia
Surreptitious administration of insulin presents with abrupt onset 
and erratic hypoglycemia. In a younger child, a parent or guardian 
may provoke hypoglycemia (factitious disorder imposed on another: 
Munchhausen by proxy), but an adolescent may be self-administering 
insulin. The biochemical hallmark of exogenous insulin administra-
tion is a detectable insulin level with undetectable c-peptide. However, 
specialized assays may be needed to detect the analog insulins, such 
as aspart or glargine. Intentional or accidental ingestion of sulfonyl-
ureas also presents with hypoglycemia. In these cases, both insulin and 
c-peptide are detectable, and sulfonylurea blood levels are required for 
confirmation.

Defects of Fatty Acid Oxidation
Fatty acid oxidation disorders are characterized by low plasma β-
hydroxybutyrate and high plasma FFAs. See Chapter 106.1.

Multiple enzymatic deficiencies in the mitochondria pathway of 
fatty acid oxidation cause defective carnitine or fatty acid metabolism. 
These disorders are characterized by fasting hypoglycemia, hepato-
megaly, cardiomyopathy, and hypotonia, although the spectrum of 
severity is wide. Infants may present with a Reye-like syndrome (see 

Table 113.7    � Treatments for Hypoglycemia Disorders

DRUG/THERAPY INDICATION DOSE (ROUTE OF ADMINISTRATION) SIDE EFFECTS/COMMENTS

Diazoxide HI 5-15 mg/kg/day every 12 hr (PO) Hypertrichosis, fluid overload* neutropenia, 
thrombocytopenia, respiratory distress, 
hyperglycemia

Octreotide HI 2-20 mcg/kg/day every 6 hr (SQ) Gallstones, transaminitis, malabsorption,  
suppression of thyroid and growth hormones

Lanreotide HI 60-90 mg every 28 days (SQ) Gallstones, transaminitis, malabsorption,  
suppression of thyroid and growth hormones

Enteral D20 HI Up to 10 mg/kg/min continuously (via 
gastrostomy or nasogastric tube)

Vomiting, diarrhea, fluid overload

Cornstarch GSD, rarely FAOD, IKH 1-2 g/kg per dose (PO) Diarrhea in infants

Growth hormone Growth hormone 
deficiency

0.3 mg/kg/wk daily or every 12 hr (infants) 
(SQ)

Pseudotumor cerebri, edema, slipped capital 
femoral epiphysis, hyperglycemia

Hydrocortisone Adrenal insufficiency 8-12 mg/m2/day (PO) High doses: Immunosuppression, 
hyperglycemia, hypertension, obesity

Acarbose Postprandial 
hypoglycemia

12.5-50 mg with meals Transaminitis, diarrhea, abdominal pain

PANCREATECTOMY
Partial Focal HI

Insulinoma
>50% pancreatectomy increases risk of  

diabetes and exocrine insufficiency later in life

Near-total (98%) Severe diffuse HI Insulin-dependent diabetes, exocrine  
insufficiency

*Concomitant use of diuretics is strongly recommended in neonates and infants; older children may require this as well.
HI, Hyperinsulinism; GSD, glycogen storage disease; FAOD, fatty acid oxidation disorder; IKH, idiopathic ketotic hypoglycemia.

Table 113.8    � Criteria for Diagnosing Hyperinsulinism and 
Other Forms of Insulin Excess

DRAWN AT A TIME OF FASTING HYPOGLYCEMIA:  
PLASMA GLUCOSE <50 MG/DL
Detectable insulin or c-peptide (plasma insulin ≥2 μU/mL or plasma 

C-peptide ≥0.5 ng/mL)*

Hypofattyacidemia (plasma free fatty acids <1.7 mmol/L)

Hypoketonemia (plasma β-hydroxybutyrate <1.8 mmol/L)

Inappropriate glycemic response to glucagon (increase in glucose 
>30 mg/dL)

*Depends on sensitivity of insulin assay. Detectable insulin and C-peptide is not neces-
sary to make a diagnosis of HI.
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A child has recurrent ketotic hypoglycemia after overnight fasting and short stature. Which
endocrine condition in the table should be evaluated?

A. Growth hormone deficiency

B. Isolated insulinoma

C. Excess insulin action as the only option

D. Congenital hyperthyroidism in every case

E. Primary acute appendicitis
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failure to thrive. Muscle involvement is a feature of GSD type III, resulting 
in proximal muscle weakness and risk of cardiomyopathy. GSD types 0, VI, 
and IX present with less severe hypoglycemia compared with type I and III. 
The diagnosis of GSD is suspected in patients presenting with ketotic hypo-
glycemia, hepatomegaly, and liver enzyme abnormalities and is confirmed 
through genetic testing. The treatment of GSDs consists of uncooked corn-
starch therapy, protein supplementation, and limited fasting. 

Hormone Deficiencies
Deficiencies of cortisol or growth hormone can result in ketotic hypo-
glycemia, as these counter-regulatory hormones play a role in mobi-
lizing glucose production by the liver. Hypoglycemia occurs in both 
primary or secondary (central) adrenal insufficiency and is commonly 
seen during an adrenal crisis. Growth hormone deficiency results in 
hypoglycemia mainly during infancy and early toddlerhood. Com-
bined hormone deficiencies, known as hypopituitarism, can also result 

in hypoglycemia and are commonly caused by structural abnormalities 
of the pituitary gland. A clinical clue to the diagnosis of hypopituita-
rism is the presence of midline defects, cleft lip or palate, or in males, 
a microphallus. In the neonatal period, hypopituitarism presents with 
a hypoketotic hypoglycemia pattern that is indistinguishable from the 
pattern seen in neonates with HI. Thus in neonates with features sug-
gestive of hypopituitarism, it is important to rule out hormone defi-
ciencies before making a diagnosis of HI.

Low cortisol and growth hormone levels on a critical-sample labora-
tory result are suggestive of hormone deficiencies but not diagnostic. 
To confirm these diagnoses in a child presenting with hypoglycemia, 
appropriate hormone stimulation testing is recommended. A child 
diagnosed with central adrenal insufficiency, growth hormone defi-
ciency, or hypopituitarism requires magnetic resonance imaging of 
their pituitary gland to assess for structural abnormalities or lesions. 
Hormone replacement with either hydrocortisone or growth hormone 

Table 113.9    � Causes of Ketotic Hypoglycemia in Children

GENE OR CHROMOSOME INHERITANCE

HORMONAL  
 Growth hormone deficiency or resistance Genetic or acquired Variable
 ACTH deficiency or resistance; cortisol deficiency Genetic or acquired Variable
 Glucagon deficiency* GCG, DBH N/D
 Dopamine β-hydroxylase deficiency* GCG, DBH N/D

METABOLIC    
 Glycogen storage disease (GSD)
GSD 0; glycogen synthase deficiency GYS2 AR
GSD III; glycogen debranching enzyme deficiency AGL AR
GSD VI; glycogen phosphorylase deficiency PYGL AR
GSD IX; phosphorylase kinase subunit deficiencies PHKA2, PHKB, PHKG2 X-linked, AR

 GLUCOSE METABOLISM AND TRANSPORT    
Phosphoglucomutase I deficiency PMG1 AR
Pyruvate carboxylase deficiency PC AR

 ORGANIC ACIDEMIAS    
Maple syrup urine disease, propionic aciduria, methylmalonic aciduria Multiple genes AR
Ketone body transport and metabolism    

Monocarboxylase transporter 1 defect SLC16A1 (MCT1) AR, AD
Ketolysis
Succinyl CoA oxoacid transferase deficiency SCOT AR
Mitochondrial acetoacetyl-CoA thiolase (β-ketothiolase) deficiency ACAT1 AR

SYNDROMES    
 Silver-Russel syndrome 11p15 or 7** Mostly sporadic
 Prader-Willi syndrome 15q11-q13*** Mostly sporadic
 Fanconi-Bickel syndrome SLC2A2 (GLUT2) AR
KH secondary to chronic malnutrition, severe malaria, other chronic diseases — —
Idiopathic ketotic hypoglycemia
 Physiologic KH in prolonged fasting or acute illness — —
 Pathologic KH — —
  IGF2BP1 deficiency* IGF2BP1 N/D
  Sodium glucose co-transporter 2 defect* SLC5A2 N/D
  PEP carboxykinase 1 and G-6P catalytic transcriptional induction* NCOR1 N/D
  Mitosis gene A-related kinase 11 defect* NEK11 N/D

*Suggested, not well-established, causes of KH.
**Several mechanisms, rare other mechanisms, or unknown.
***Paternal deletion, maternal uniparental disomy, or imprinting defect.
AD, Autosomal dominant; AR, autosomal recessive; N/D, no data; PEP, phosphoenolpyruvate; G-6P, glucose 6-phosphate. The list is not fully inclusive.
From Drachmann D, Hoffman E, Carrigg A, et al. Towards enhanced understanding of idiopathic ketotic hypoglycemia: a literature review and introduction of the patient organiza-
tion, Ketotic Hypoglycemia International. Orphanet J Rare Dis. 2021;16:173, Table 1.
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Prenatal imaging shows congenital diaphragmatic hernia with severe pulmonary concerns.
Which care setting in the table may assess selected fetal diagnoses before birth?

A. A multidisciplinary fetal center

B. An isolated dental clinic

C. Only an adult orthopedics service

D. Routine hearing screening only

E. A school vaccination office
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Table 118.1    � Fetal Diagnoses Evaluated and Treated in Fetal Centers

Amniotic band syndrome (ABS)
Anomalies in monochorionic twins
Aortic stenosis
Arachnoid cyst
Bladder exstrophy
Bladder outlet obstruction
Bronchopulmonary sequestration (BPS)
Cervical teratoma
Cloaca
Cloaca exstrophy
Complete heart block
Congenital pulmonary airway malformation (CPAM)
Congenital diaphragmatic hernia (CDH)
Congenital high airway obstruction syndrome (CHAOS)
EXIT to airway procedure for CHAOS
Conjoined twins
Dandy-Walker malformation
Duodenal atresia
Encephalocele
Enteric duplication atresia
Esophageal atresia

Gastroschisis
Hydrocephalus
Hydronephrosis
Hypoplastic left heart syndrome (HLHS)
Imperforate anus
Intraabdominal cyst
Lymphangioma
Mediastinal teratoma
Myelomeningocele, spina bifida
Neuroblastoma
Obstructive uropathy
Omphalocele
Pentalogy of Cantrell
Pericardial teratoma
Pleural effusions
Pulmonary agenesis
Pulmonary atresia with intact ventricular septum
Sacrococcygeal teratoma (SCT)
Twin reversed arterial perfusion (TRAP) sequence
Twin-to-twin transfusion syndrome (TTTS)
Vein of Galen aneurysm

EXIT, Ex utero intrapartum treatment.

Table 118.2    � Indications and Rationales for In Utero Surgery on the Fetus, Placenta, Cord, or Membranes

FETAL SURGERY PATHOPHYSIOLOGY RATIONALE FOR IN UTERO INTERVENTION

SURGERY ON THE FETUS
1. Congenital diaphragmatic 

hernia
Pulmonary hypoplasia and anatomic substrate for  

pulmonary hypertension
Reversal of pulmonary hypoplasia and reduced degree 

of pulmonary hypertension
Repair of actual defect delayed until after birth

2. Lower urinary tract  
obstruction

Progressive renal damage due to obstructive uropathy
Pulmonary hypoplasia due to oligohydramnios

Prevention of renal failure and pulmonary hypoplasia 
by anatomic correction or urinary deviation

3. Sacrococcygeal teratoma High-output cardiac failure due to AV shunting and/or 
bleeding

Direct anatomic effects of the tumoral mass
Polyhydramnios-related preterm labor

Reduction of functional impact of tumor by ablation of 
tumor or (part of) its vasculature

Reduction of anatomic effects by drainage of cysts or 
bladder

Amnioreduction preventing obstetric complications

4. Thoracic space-occupying 
lesions

Pulmonary hypoplasia (space-occupying mass)
Hydrops due to impaired venous return (mediastinal 

compression)

Creation of space for lung development
Reversal of the process of cardiac failure

5. Neural tube defects Damage to exposed neural tube
Chronic CSF leak, leading to Arnold-Chiari  

malformation and hydrocephalus

Prevention of exposure of the spinal cord to amniotic fluid
Restoration of CSF pressure correcting Arnold-Chiari 

malformation

6. Cardiac malformations Critical lesions causing irreversible hypoplasia or  
damage to developing heart

Reversal of process by anatomic correction of  
restrictive pathology

SURGERY ON THE PLACENTA, CORD, OR MEMBRANES
7. Chorioangioma High-output cardiac failure due to AV shunting

Effects of polyhydramnios
Reversal of process of cardiac failure and hydrops 

fetoplacentalis by ablation or reduction of flow

8. Amniotic bands Progressive constrictions causing irreversible  
neurologic or vascular damage

Prevention of amniotic band syndrome leading to 
deformities and function loss

9. Abnormal monochorionic 
twinning: twin-to-twin 
transfusion; fetus acardius, 
and discordant anomalies

Twin-twin transfusion leading to oligopolyhydramnios 
sequence, hemodynamic changes; preterm labor,  
and rupture of membranes; in utero damage to  
brain, heart, or other organs

In utero fetal death may cause damage to co-twin
Cardiac failure of pump twin and consequences of 

polyhydramnios
Serious anomaly raising the question of termination  

of pregnancy
Selective feticide

Arrest of intertwin transfusion
Prevention/reversal of cardiac failure and/or neurologic 

damage, including at in utero death
Prolongation of gestation
Selective feticide to arrest parasitic relationship, to 

prevent consequences of in utero fetal death, and to 
avoid termination of entire pregnancy

AV, Arteriovenous; CSF, cerebrospinal fluid.
From Deprest J, Hodges R, Gratacos E, Lewi L. Invasive fetal therapy. In: Creasy RK, Resnick R, Iams JD, et al., eds. Creasy & Resnik’s Maternal-Fetal Medicine. 7th ed. Philadelphia: 
Elsevier; 2014. Table 35-1.
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A fetus has severe congenital diaphragmatic hernia with anticipated pulmonary hypoplasia.
What rationale does the fetal-intervention table identify for selected prenatal intervention?

A. Improve lung development before postnatal defect repair

B. Completely avoid every need for newborn respiratory care

C. Treat a maternal ear infection

D. Replace fetal heart development with an artificial pump

E. Correct the defect only by giving fetal antibiotics

Original table 118.2  |  Nelson printed p. 1029  |  PDF p. 1039

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 9
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Table 118.1    � Fetal Diagnoses Evaluated and Treated in Fetal Centers

Amniotic band syndrome (ABS)
Anomalies in monochorionic twins
Aortic stenosis
Arachnoid cyst
Bladder exstrophy
Bladder outlet obstruction
Bronchopulmonary sequestration (BPS)
Cervical teratoma
Cloaca
Cloaca exstrophy
Complete heart block
Congenital pulmonary airway malformation (CPAM)
Congenital diaphragmatic hernia (CDH)
Congenital high airway obstruction syndrome (CHAOS)
EXIT to airway procedure for CHAOS
Conjoined twins
Dandy-Walker malformation
Duodenal atresia
Encephalocele
Enteric duplication atresia
Esophageal atresia

Gastroschisis
Hydrocephalus
Hydronephrosis
Hypoplastic left heart syndrome (HLHS)
Imperforate anus
Intraabdominal cyst
Lymphangioma
Mediastinal teratoma
Myelomeningocele, spina bifida
Neuroblastoma
Obstructive uropathy
Omphalocele
Pentalogy of Cantrell
Pericardial teratoma
Pleural effusions
Pulmonary agenesis
Pulmonary atresia with intact ventricular septum
Sacrococcygeal teratoma (SCT)
Twin reversed arterial perfusion (TRAP) sequence
Twin-to-twin transfusion syndrome (TTTS)
Vein of Galen aneurysm

EXIT, Ex utero intrapartum treatment.

Table 118.2    � Indications and Rationales for In Utero Surgery on the Fetus, Placenta, Cord, or Membranes

FETAL SURGERY PATHOPHYSIOLOGY RATIONALE FOR IN UTERO INTERVENTION

SURGERY ON THE FETUS
1. Congenital diaphragmatic 

hernia
Pulmonary hypoplasia and anatomic substrate for  

pulmonary hypertension
Reversal of pulmonary hypoplasia and reduced degree 

of pulmonary hypertension
Repair of actual defect delayed until after birth

2. Lower urinary tract  
obstruction

Progressive renal damage due to obstructive uropathy
Pulmonary hypoplasia due to oligohydramnios

Prevention of renal failure and pulmonary hypoplasia 
by anatomic correction or urinary deviation

3. Sacrococcygeal teratoma High-output cardiac failure due to AV shunting and/or 
bleeding

Direct anatomic effects of the tumoral mass
Polyhydramnios-related preterm labor

Reduction of functional impact of tumor by ablation of 
tumor or (part of) its vasculature

Reduction of anatomic effects by drainage of cysts or 
bladder

Amnioreduction preventing obstetric complications

4. Thoracic space-occupying 
lesions

Pulmonary hypoplasia (space-occupying mass)
Hydrops due to impaired venous return (mediastinal 

compression)

Creation of space for lung development
Reversal of the process of cardiac failure

5. Neural tube defects Damage to exposed neural tube
Chronic CSF leak, leading to Arnold-Chiari  

malformation and hydrocephalus

Prevention of exposure of the spinal cord to amniotic fluid
Restoration of CSF pressure correcting Arnold-Chiari 

malformation

6. Cardiac malformations Critical lesions causing irreversible hypoplasia or  
damage to developing heart

Reversal of process by anatomic correction of  
restrictive pathology

SURGERY ON THE PLACENTA, CORD, OR MEMBRANES
7. Chorioangioma High-output cardiac failure due to AV shunting

Effects of polyhydramnios
Reversal of process of cardiac failure and hydrops 

fetoplacentalis by ablation or reduction of flow

8. Amniotic bands Progressive constrictions causing irreversible  
neurologic or vascular damage

Prevention of amniotic band syndrome leading to 
deformities and function loss

9. Abnormal monochorionic 
twinning: twin-to-twin 
transfusion; fetus acardius, 
and discordant anomalies

Twin-twin transfusion leading to oligopolyhydramnios 
sequence, hemodynamic changes; preterm labor,  
and rupture of membranes; in utero damage to  
brain, heart, or other organs

In utero fetal death may cause damage to co-twin
Cardiac failure of pump twin and consequences of 

polyhydramnios
Serious anomaly raising the question of termination  

of pregnancy
Selective feticide

Arrest of intertwin transfusion
Prevention/reversal of cardiac failure and/or neurologic 

damage, including at in utero death
Prolongation of gestation
Selective feticide to arrest parasitic relationship, to 

prevent consequences of in utero fetal death, and to 
avoid termination of entire pregnancy

AV, Arteriovenous; CSF, cerebrospinal fluid.
From Deprest J, Hodges R, Gratacos E, Lewi L. Invasive fetal therapy. In: Creasy RK, Resnick R, Iams JD, et al., eds. Creasy & Resnik’s Maternal-Fetal Medicine. 7th ed. Philadelphia: 
Elsevier; 2014. Table 35-1.
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A fetus with a major structural anomaly is being considered for fetal repair, but testing also
identifies trisomy 18. Which selection factor from the table is relevant?

A. The prognosis associated with a major chromosomal condition

B. A routine school attendance record

C. Maternal shoe size

D. Only the newborn name

E. A normal adult lipid panel

Original table 118.3  |  Nelson printed p. 1037  |  PDF p. 1047

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 10
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Table 118.3    � Selection of Patients for Fetal Repair

LEVEL OF CERTAINTY DIAGNOSIS

DIAGNOSTIC CERTAINTY/PROGNOSTIC CERTAINTY
Genetic problems Trisomy 13, 15, or 18

Triploidy

Central nervous system abnormalities Anencephaly/acrania
Holoprosencephaly
Large encephaloceles

Heart problems Acardia
Inoperable heart anomalies

Kidney problems Potter syndrome/renal agenesis
Multicystic/dysplastic kidneys
Polycystic kidney disease

DIAGNOSTIC UNCERTAINTY/PROGNOSTIC CERTAINTY
Genetic problems Thanatophoric dwarfism or lethal forms of osteogenesis imperfecta

Early oligo/anhydramnios and pulmonary hypoplasia Potter syndrome with unknown etiology

Central nervous system abnormalities Hydranencephaly

Congenital severe hydrocephalus with absent or minimal brain growth

Prematurity <23 weeks’ gestation

PROGNOSTIC UNCERTAINTY/BEST INTEREST
Genetic problems Errors of metabolism that are expected to be lethal even with available therapy

Mid oligo/anhydramnios Renal failure requiring dialysis

Central nervous system abnormalities Complex or severe cases of meningomyelocele
Neurodegenerative diseases, such as spinal muscular atrophy

Heart problems Some cases of hypoplastic left heart syndrome
Pentalogy of Cantrell (ectopia cordis)

Other structural anomalies Some cases of giant omphalocele
Severe congenital diaphragmatic hernia with hypoplastic lungs
Idiopathic nonimmune hydrops
Inoperable conjoined twins
Multiple severe anomalies

Prematurity 23-24 weeks’ gestation

From Leuthner SR. Fetal palliative care. Clin Perinatol 2004;31:649–665. Table 1.

all available treatment options. This collaborative and multidisci-
plinary family-centered approach allows for the development of a 
management plan that may include fetal surgery or intervention, 
enhanced monitoring of the fetus and mother, and coordination of 
complex deliveries involving multidisciplinary delivery teams and 
specialized equipment as required for EXIT to ECMO, EXIT to air-
way, EXIT to tumor resection, delivery to cardiac catheterization, 
and procedures on placental support.

In some highly specialized fetal centers, delivery may be facilitated 
with the neonatal intensivists, perinatal anesthesiologist, and pediat-
ric surgical care teams present in the same location to permit expert 
stabilization and resuscitation of the neonate. The benefits range from 

the psychological benefits of avoiding maternal-infant separation as 
well as improved outcomes in diagnoses such as CDH, in which early 
stabilization of the neonate is critical to minimize pulmonary hyper-
tensive crisis.

Finally, but equally importantly, not all severely affected fetuses 
will have available therapies in utero or after birth. In these lethal 
situations, fetal care planning will provide support for the family 
and a plan for delivery room or nursery palliative care (Table 118.3) 
(see Chapter 8).

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.
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A pregnant patient has diabetes and hypertension, and the fetus has a known growth concern.
Which newborn-planning category in the table follows?

A. Higher neonatal risk meriting anticipatory planning

B. Guaranteed low-risk uncomplicated birth

C. A diagnosis of neonatal infection without testing

D. Automatic exclusion of fetal surveillance

E. Only a dental referral

Original table 119.1  |  Nelson printed p. 1038  |  PDF p. 1048

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 11

1038  Part X  u  The Fetus and the Neonatal Infant

The term high-risk infant designates an infant at greater risk for neona-
tal morbidity and mortality; many factors can contribute to an infant 
being high risk (Table 119.1). There are four broad categories of high-
risk infants: the preterm infant, infants with special healthcare needs or 

dependence on technology, infants at risk because of family issues, and 
infants with anticipated early death.

All high-risk infants require closer evaluation and/or treatment by 
experienced physicians and nurses. This often starts before delivery 
and continues in the delivery room and through a neonatal intensive 
care unit (NICU) stay (see Chapter 121). Regionalized care for infants 
is based on the acuity of care that can be provided at hospitals with 
different levels of care and whether transport should be undertaken 
(see Chapter 120). It is important to note that additional care does not 
stop at time of NICU discharge, and that many high-risk infants also 
benefit from additional resources and follow-up after discharge from 
the hospital (see Chapter 119.5).

Twins and higher-order multiples are at increased risk for morbid-
ity and mortality and are discussed in Chapter 119.1, whereas other 
infants deemed high risk are discussed throughout this textbook. Pre-
term infants comprise the majority of high-risk infants. Approximately 
15 million infants are born preterm (before 37 weeks’ gestational age) 
each year worldwide, accounting for about 1 in every 10 babies born. 
The World Health Organization (WHO) defines infants born before 28 
weeks’ gestational age as extremely preterm infants, infants born between 
28 and 31 6/7 weeks as very preterm (see Chapter 119.2), and infants 
born between 32 and 36 6/7 weeks as moderate to late preterm infants 
(see Chapter 119.3). Risk of both morbidity and mortality increases 
with earlier gestational age. Gestational age, birthweight, and gender 
are all important factors that impact neonatal mortality (Fig. 119.1). 
The highest risk of neonatal and infant mortality occurs in infants with 
birthweight <1,000 g and/or with gestational age <28 weeks. The lowest 
risk of neonatal mortality occurs in infants with birthweight of 3,000-
4,000 g and a gestational age of 39-41 weeks. As birthweight increases 

Chapter 119

The High-Risk Infant
Erik Brandsma, Lori A. Christ, and  
Andrea F. Duncan

Table 119.1    � Factors in Considering Infants as High Risk for 
Morbidity or Mortality in the Neonatal Period

BIRTH PARENT DEMOGRAPHIC FACTORS
Maternal age <16 yr or >40 yr
Environmental, economic, social disadvantage, racial discrimination
BIRTH PARENT MEDICAL HISTORY
Genetic disorders
Diabetes mellitus
Hypertension
Asymptomatic bacteriuria
Rheumatologic illness (systemic lupus erythematosus)
Immune-mediated diseases
Long-term medication (see Chapters 117.4 and 117.5)
PREVIOUS PREGNANCY
Intrauterine fetal demise
Neonatal death
Prematurity
Intrauterine growth restriction
Congenital malformation
Incompetent cervix
Blood group sensitization, neonatal jaundice
Neonatal thrombocytopenia
Hydrops
Inborn errors of metabolism
PRESENT PREGNANCY
Vaginal bleeding (abruptio placentae, placenta previa)
Sexually transmitted infections (colonization: herpes simplex, group 

B streptococcus, chlamydia, syphilis, hepatitis B, HIV)
Multiple gestation
Preeclampsia
Premature rupture of membranes
Short interpregnancy time
Poly-/oligohydramnios
Acute medical or surgical illness
Familial or acquired hypercoagulable states
Abnormal fetal ultrasonographic findings
Treatment of infertility
Inadequate prenatal care
Substance use disorder
LABOR AND DELIVERY
Premature labor (<37 wk)
Postdates pregnancy (≥42 wk)
Fetal distress
Breech presentation
Meconium-stained fluid
Nuchal cord
Cesarean delivery
Forceps or vacuum assisted delivery
Apgar score <4 at 5 min
NEONATE
Birthweight <2,500 g or >4,000 g
Birth <37 wk or ≥42 wk of gestation
Small or large for gestational age
Respiratory distress, cyanosis
Congenital malformation
Pallor, plethora, petechiae
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Fig. 119.1  Contour plot of predicted survival according to gestational 
age, birthweight, and gender. A, Female. B, Male. The contour lines 
join combinations of gestational age and birthweight of equal estimat-
ed probability of survival. Birthweight percentiles are shown for infor-
mation. Data based on singleton infants born in the United Kingdom 
between January 2008 and December 2010 who survived to NICU ad-
mission. (From Manktelow BN, Seaton SE, Fields DJ, et al. Population-
based estimates of in-unit survival for very preterm infants. Pediatrics. 
2013;131:e425e432. Fig. 2.)

Downloaded for mohamed ahmed (dr.mms2020@gmail.com) at University of Southern California from ClinicalKey.com by Elsevier on 
April 20, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

Question selection and educational compilation: Dr. Manar Alshawabkeh

QUESTION 281 / 300

281



NELSON PEDIATRICS 22e  |  BOARD REVIEW QUESTION 12 / 30

In monochorionic twins with uncompensated placental vascular shunting, one fetus is pale and
growth restricted with oligohydramnios. Which twin is described?

A. Donor twin

B. Recipient twin

C. Neither twin

D. A singleton fetus

E. Only the larger polyhydramnios twin

Original table 119.2  |  Nelson printed p. 1041  |  PDF p. 1051

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 12
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twice as likely in twin pregnancies worldwide compared with singleton 
pregnancies.

Most twins are born prematurely, which contributes to additional 
neonatal and childhood morbidity and mortality. Spontaneous single 
intrauterine demise occurs at a rate of about 6% of all twin pregnan-
cies. Twin-twin transfusion syndrome (TTTS) and early-onset dis-
cordant growth are associated with an overall worse prognosis (see 
Chapter 118). The perinatal mortality of twins is about four times 
that of singletons, with monochorionic twins being particularly 
at risk. Monochorionic twins have an increased risk of a demised 
twin in utero. The surviving twin has a greater risk for cerebral palsy 
and other neurodevelopmental sequelae. Monoamniotic twins have 
an increased likelihood of cord entanglement, which may lead to 
asphyxia. Twins are at greater risk for congenital malformations, with 
up to 25% of monozygotic twins being affected. Theoretically, the 
twin delivered second is at higher risk of anoxia than the first because 
the placenta may separate after birth of the first twin and before birth 
of the second. In addition, delivery of the second twin may be dif-
ficult because it may be in an abnormal presentation (breech, entan-
gled), uterine tone may be decreased, or the cervix may begin to close 
after the first twin’s birth.

Triplet or higher-order births are associated with an increased risk 
of death or neurodevelopmental impairment compared with extremely 
low birthweight (ELBW) singleton and twin infants after controlling 
for gestational age. The mortality for multiple gestations with ≥4 fetuses 
is excessively high for each fetus. Because of this poor prognosis, selec-
tive fetal reduction has been offered as a treatment option. 

Twin-Twin Transfusion Syndromes
Placental vascular anastomoses occur with high frequency in mono-
chorionic twins (see Chapter 118). In monochorionic placentas, the 
fetal vasculature is usually joined, sometimes in a very complex man-
ner. They are usually balanced and neither twin is appreciably affected. 
Artery-to-artery communications cross over placental veins, and when 
anastomoses are present, blood can readily be stroked from one fetal 
vascular bed to the other. Vein-to-vein communications are similarly 
recognized but are less common. A combination of artery-to-artery 
and vein-to-vein anastomoses is associated with the condition of acar-
diac fetus. This rare lethal anomaly (1 in 35,000) is secondary to the 
twin reversed arterial perfusion (TRAP) syndrome. In utero radio-
frequency or laser ablation of the anastomosis or cord occlusion can be 
used to treat heart failure in the surviving twin. However, death of the 
autocyte is reported in up to 75% of cases. In rare cases, one umbilical 

cord may arise from the other after leaving the placenta, and the twin 
attached to the secondary cord usually is malformed or dies in utero.

In twin-twin transfusion syndrome (TTTS), an artery from one 
twin acutely or chronically delivers blood that is drained into the vein 
of the other. The latter develops polyhydramnios and polycythemia, 
and the former has oligohydramnios, anemia, and growth restriction 
(Fig. 119.4). TTTS is more common in monozygotic twins and affects 
up to 30% of monochorionic twins. Death of the donor twin in utero 
may result in generalized fibrin thrombi in the smaller arterioles of the 
recipient twin, possibly as the result of transfusion of thromboplastin-
rich blood from the macerating donor fetus. Disseminated intravascu-
lar coagulation (DIC) may develop in the surviving twin. Table 119.2 
lists the more frequent changes associated with a large shunt. Preterm 
birth and/or death of the surviving twin is also highly likely. Treatment 
of this highly lethal problem includes aggressive amnioreduction for 
polyhydramnios, selective twin termination, and most often, laser or 
fetoscopic ablation of anastomosis (Fig. 119.5). 

Fig. 119.4  Representation of first-trimester risk as-
sessment for the development of discordant growth, 
twin-twin transfusion syndrome (TTTS), or intrauterine 
demise. Discordant amniotic fluid in the first trimester 
generally corresponded with deepest vertical pockets 
≤3 cm in one sac and ≥6.5 cm in the other. Discordance 
in crown-rump length (CRL) was present if the difference 
was ≥12 mm. (From Lewi L, Gucciardo L, Van Mieghem 
T, et  al. Monochorionic diamniotic twin pregnancies: 
natural history and risk stratification. Fetal Diagn Ther. 
2010;27:121–133.)
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Table 119.2    � Characteristic Changes in Monochorionic 
Twins with Uncompensated Placental  
Arteriovenous Shunts

TWIN ON:
ARTERIAL SIDE—DONOR VENOUS SIDE—RECIPIENT

Prematurity Prematurity

Oligohydramnios Polyhydramnios

Intrauterine growth restriction Hydrops

Pale Plethoric

Anemic Polycythemic

Hypovolemic Hypervolemic

Hypoglycemic Cardiac hypertrophy

Microcardia Myocardial dysfunction

Glomeruli small or normal Glomeruli large
Tricuspid valve regurgitation
Right ventricular outflow obstruction

Arterioles thin walled Arterioles thick walled
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A pregnant patient previously delivered preterm and now has a short interval before another
pregnancy. Which category of risk in the table do these findings represent?

A. Maternal risk factors for preterm birth

B. Only fetal chromosomal anomalies

C. Only postnatal infectious exposures

D. Signs that exclude preterm delivery

E. A newborn cardiac diagnosis

Original table 119.3  |  Nelson printed p. 1043  |  PDF p. 1053
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from preterm infants. Compared with a premature infant of appropriate 
weight, an infant with IUGR has a reduced birthweight and may appear 
to have a disproportionately larger head relative to body size; infants in 
both groups lack subcutaneous fat. Neurologic maturity (nerve conduc-
tion velocity) in the absence of asphyxia correlates with gestational age 
despite reduced fetal weight. Physical signs may be useful in estimating 
gestational age at birth. The commonly used Ballard scoring system is 
accurate to within 2 weeks of actual gestational age (Figs. 119.7-119.9). 

NURSERY CARE
At birth, the general measures needed to clear the airway, initiate 
breathing, care for the umbilical cord and eyes, and administer vitamin 
K are the same for premature infants as for those of normal weight 
and maturity (see Chapter 123). Additional considerations are the need 
for (1) thermal control and monitoring of the heart rate and respira-
tion, (2) advanced respiratory support, and (3) special attention to the 
details of fluid requirements and nutrition that may in turn lead to con-
siderations of IV access. Preterm infants are at an increased risk of early 
and late-onset neonatal sepsis compared with their term counterparts. 
Routine procedures that disturb these infants may result in hypoxia 
and stress. The benefits of regular and active participation by the par-
ents in the infant’s care in the nursery and the question of prognosis for 
later growth and development require special consideration.

Thermal Control
Avoidance of hypothermia and hyperthermia decreases the risk of 
morbidity and mortality in ELBW and VLBW infants. Neonates in 
general, and ELBW and VLBW infants to an even greater extent, are 
at increased risk of heat loss compared with older children due to an 

Table 119.3    � Identifiable Risk Factors for Preterm Birth

FETAL
Fetal distress
Multiple gestation
Erythroblastosis
Nonimmune hydrops
Polyhydramnios
PLACENTAL
Placental dysfunction
Placenta previa
Placental abruption
UTERINE
Bicornuate uterus
Incompetent cervix (premature dilation)
MATERNAL
Previous preterm birth
Preeclampsia
Experiencing racism
Chronic medical illness (cyanotic heart disease, renal disease, thyroid 

disease)
Short interpregnancy interval
Infection (Listeria monocytogenes, group B streptococcus, urinary 

tract infection, bacterial vaginosis, chorioamnionitis)
Obesity
Substance use disorder
Extremes of maternal age
OTHER
Premature rupture of membranes
Polyhydramnios
Iatrogenic due to factors listed above
Assisted reproductive technology
Trauma
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Fig. 119.7  Physical criteria for maturity. The expanded New Ballard 
score includes extremely premature infants and has been refined to im-
prove accuracy in more mature infants. (From Ballard JL, Khoury JC, 
Wedig K, et al. New Ballard score, expanded to include extremely pre-
mature infants. J Pediatr. 1991;119:417–423.)
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A fetus has growth restriction and a congenital cytomegalovirus infection. Which category of
IUGR cause in the table fits?

A. Fetal chronic infection

B. Maternal overnutrition as the sole cause

C. Normal placental growth in every case

D. A postnatal seizure disorder

E. Isolated renal stone disease
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IUGR is indicative of compromise in utero and is associated with 
medical conditions that interfere with the circulation and efficiency of 
the placenta, with the development or growth of the fetus, or with the 
general health and nutrition of the mother (Table 119.6). Many factors 
are common to both prematurely born and LBW infants with IUGR. 
IUGR is associated with decreased insulin production or insulin-like 
growth factor (IGF) action at the receptor level. Infants with IGF-1 recep-
tor defects, pancreatic hypoplasia, or transient neonatal diabetes have 
IUGR. Genetic mutations affecting the glucose-sensing mechanisms of 
the pancreatic islet cells result in decreased insulin release (loss of func-
tion of the glucose-sensing glucokinase gene) and give rise to IUGR.

IUGR may be a normal fetal response to nutritional or oxygen depri-
vation; therefore the issue is not the IUGR but rather the ongoing risk 
of fetal malnutrition or hypoxia. IUGR is often classified as reduced 
growth that is symmetric (head circumference, length, and weight 
equally affected) or asymmetric (with relative sparing of head growth) 
(Table 119.7). Symmetric IUGR often has an earlier onset in the first 
trimester of pregnancy and is associated with diseases that seriously 
affect fetal cell number, such as conditions with chromosomal, genetic, 
malformation, teratogenic, infectious, or severe maternal hypertensive 
etiologies. It is important to assess gestational age carefully in infants 
suspected to have symmetric IUGR because incorrect overestimation 
of gestational age may lead to the diagnosis of symmetric IUGR. It is 
also important to assess carefully for dysmorphic features in infants 
with symmetric IUGR. Asymmetric IUGR is often of late onset in the 
second half of pregnancy, demonstrates preservation of Doppler wave-
form velocity to the carotid vessels, and is associated with poor mater-
nal nutrition or with late onset or exacerbation of maternal vascular 
disease (preeclampsia, chronic hypertension).

Table 119.8 lists common problems of infants with IUGR. In addi-
tion, in both preterm and term infants, IUGR is associated with 
increased risk of cardiovascular disease across the life span, and both 
SGA and IUGR are associated with an increased risk of neurodevelop-
mental impairment. To properly manage infants born IUGR and SGA, 
clinicians must prepare for the possible perinatal morbidities (e.g., 
hypoglycemia, hypothermia, pulmonary hypertension, feeding intoler-
ance), perform any diagnostic testing needed to determine the etiology, 

and monitor closely for long-term deficits (e.g., growth, neurodevelop-
ment, cardiovascular). 

LARGE-FOR-GESTATIONAL-AGE INFANTS
Infants with birthweight >90th percentile for gestational age are called 
large for gestational age (LGA). Neonatal mortality rates decrease 
with increasing birthweight until approximately 4,000 g, after which 
they increase. These oversized infants are usually born at term, but 

Table 119.6    � Factors Often Associated with Intrauterine 
Growth Restriction

FETAL
Chromosomal (trisomies, microdeletions, copy number variants) and 

monogenetic disorders
Chronic fetal infections (cytomegalic inclusion disease, congenital 

rubella, syphilis)
Congenital anomalies—syndrome complexes
Irradiation
Multiple gestation
Pancreatic hypoplasia
Insulin deficiency (production or action of insulin)
Insulin-like growth factor type I deficiency
PLACENTAL
Decreased placental weight, cellularity, or both
Decrease in surface area
Villous placentitis (bacterial, viral, parasitic)
Infarction
Tumor (chorioangioma, hydatidiform mole)
Placental separation
Placental mesenchymal dysplasia
Twin transfusion syndrome
MATERNAL/PATERNAL
Preeclampsia
Hypertension or renal disease, or both
Hypoxemia (high altitude, cyanotic cardiac or pulmonary disease)
Malnutrition (micronutrient or macronutrient deficiencies)
Chronic illness
Sickle cell anemia
Drugs (opiates, alcohol, cigarettes, cocaine, prescribed medications, 

antimetabolites)

Table 119.7    � Characteristics of Symmetric vs Asymmetric 
IUGR

CHARACTERISTICS SYMMETRIC IUGR ASYMMETRIC IUGR

Typical period  
of insult and  
presentation

Earlier gestation 
(often second 
trimester)

Later gestation  
(often detected in 
the third trimester)

Percentage of all 
IUGR cases

20–30% 70–80%

Etiology Genetic disorders
Congenital infections

Placental insufficiency

Antenatal scan Proportionately 
decreased head 
circumference 
(HC), abdominal 
circumference (AC), 
biparietal diameter, 
and femur length

Only abdominal 
circumference 
decreased

Cell number Decreased Normal

Cell size Normal Decreased

Postnatal  
anthropometry

All parameters (HC, 
length, and weight) 
reduced

Reduced weight, HC 
normal, length low 
to normal

Features of  
malnutrition

Less pronounced More pronounced

IUGR, Intrauterine growth restriction.
Adapted from Sharma D, Shastri S, Sharma P. Intrauterine growth restriction: –part 2.  
J Matern Fetal Neonatal Med. 2016 Mar 15:1–12.

Table 119.8    � Problems of Infants Small for Gestational Age 
or with Intrauterine Growth Restriction*

PROBLEM PATHOGENESIS

Intrauterine fetal demise Hypoxia, acidosis, infection, lethal 
anomaly

Perinatal asphyxia ↓ Uteroplacental perfusion during  
labor ± chronic fetal hypoxia-acidosis; 
meconium aspiration syndrome

Hypoglycemia ↓ Tissue glycogen stores, ↓ 
gluconeogenesis, hyperinsulinism, 
↑ glucose needs of hypoxia, 
hypothermia, large brain

Polycythemia-hyperviscosity Fetal hypoxia with ↑ erythropoietin 
production

Reduced oxygen  
consumption/hypothermia

Hypoxia, hypoglycemia, starvation 
effect, poor subcutaneous fat stores

Dysmorphology Syndrome anomalads, chromosomal-
genetic disorders, oligohydramnios-
induced deformation, TORCH†

*Other problems include pulmonary hemorrhage and those common to the gestational 
age–related risks of prematurity if born at <37 wk.

†TORCH, Toxoplasmosis, other agents, rubella, cytomegalovirus, herpes simplex infection.
↓, Decreased; ↑, increased.
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A fetus has proportionately small head, abdomen, and long bones, with a suspected early
gestational insult. Which growth pattern fits the comparison table?

A. Symmetric growth restriction

B. Asymmetric growth restriction

C. Normal late fetal growth

D. Acquired postnatal obesity

E. Isolated macrocephaly
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IUGR is indicative of compromise in utero and is associated with 
medical conditions that interfere with the circulation and efficiency of 
the placenta, with the development or growth of the fetus, or with the 
general health and nutrition of the mother (Table 119.6). Many factors 
are common to both prematurely born and LBW infants with IUGR. 
IUGR is associated with decreased insulin production or insulin-like 
growth factor (IGF) action at the receptor level. Infants with IGF-1 recep-
tor defects, pancreatic hypoplasia, or transient neonatal diabetes have 
IUGR. Genetic mutations affecting the glucose-sensing mechanisms of 
the pancreatic islet cells result in decreased insulin release (loss of func-
tion of the glucose-sensing glucokinase gene) and give rise to IUGR.

IUGR may be a normal fetal response to nutritional or oxygen depri-
vation; therefore the issue is not the IUGR but rather the ongoing risk 
of fetal malnutrition or hypoxia. IUGR is often classified as reduced 
growth that is symmetric (head circumference, length, and weight 
equally affected) or asymmetric (with relative sparing of head growth) 
(Table 119.7). Symmetric IUGR often has an earlier onset in the first 
trimester of pregnancy and is associated with diseases that seriously 
affect fetal cell number, such as conditions with chromosomal, genetic, 
malformation, teratogenic, infectious, or severe maternal hypertensive 
etiologies. It is important to assess gestational age carefully in infants 
suspected to have symmetric IUGR because incorrect overestimation 
of gestational age may lead to the diagnosis of symmetric IUGR. It is 
also important to assess carefully for dysmorphic features in infants 
with symmetric IUGR. Asymmetric IUGR is often of late onset in the 
second half of pregnancy, demonstrates preservation of Doppler wave-
form velocity to the carotid vessels, and is associated with poor mater-
nal nutrition or with late onset or exacerbation of maternal vascular 
disease (preeclampsia, chronic hypertension).

Table 119.8 lists common problems of infants with IUGR. In addi-
tion, in both preterm and term infants, IUGR is associated with 
increased risk of cardiovascular disease across the life span, and both 
SGA and IUGR are associated with an increased risk of neurodevelop-
mental impairment. To properly manage infants born IUGR and SGA, 
clinicians must prepare for the possible perinatal morbidities (e.g., 
hypoglycemia, hypothermia, pulmonary hypertension, feeding intoler-
ance), perform any diagnostic testing needed to determine the etiology, 

and monitor closely for long-term deficits (e.g., growth, neurodevelop-
ment, cardiovascular). 

LARGE-FOR-GESTATIONAL-AGE INFANTS
Infants with birthweight >90th percentile for gestational age are called 
large for gestational age (LGA). Neonatal mortality rates decrease 
with increasing birthweight until approximately 4,000 g, after which 
they increase. These oversized infants are usually born at term, but 

Table 119.6    � Factors Often Associated with Intrauterine 
Growth Restriction

FETAL
Chromosomal (trisomies, microdeletions, copy number variants) and 

monogenetic disorders
Chronic fetal infections (cytomegalic inclusion disease, congenital 

rubella, syphilis)
Congenital anomalies—syndrome complexes
Irradiation
Multiple gestation
Pancreatic hypoplasia
Insulin deficiency (production or action of insulin)
Insulin-like growth factor type I deficiency
PLACENTAL
Decreased placental weight, cellularity, or both
Decrease in surface area
Villous placentitis (bacterial, viral, parasitic)
Infarction
Tumor (chorioangioma, hydatidiform mole)
Placental separation
Placental mesenchymal dysplasia
Twin transfusion syndrome
MATERNAL/PATERNAL
Preeclampsia
Hypertension or renal disease, or both
Hypoxemia (high altitude, cyanotic cardiac or pulmonary disease)
Malnutrition (micronutrient or macronutrient deficiencies)
Chronic illness
Sickle cell anemia
Drugs (opiates, alcohol, cigarettes, cocaine, prescribed medications, 

antimetabolites)

Table 119.7    � Characteristics of Symmetric vs Asymmetric 
IUGR

CHARACTERISTICS SYMMETRIC IUGR ASYMMETRIC IUGR

Typical period  
of insult and  
presentation

Earlier gestation 
(often second 
trimester)

Later gestation  
(often detected in 
the third trimester)

Percentage of all 
IUGR cases

20–30% 70–80%

Etiology Genetic disorders
Congenital infections

Placental insufficiency

Antenatal scan Proportionately 
decreased head 
circumference 
(HC), abdominal 
circumference (AC), 
biparietal diameter, 
and femur length

Only abdominal 
circumference 
decreased

Cell number Decreased Normal

Cell size Normal Decreased

Postnatal  
anthropometry

All parameters (HC, 
length, and weight) 
reduced

Reduced weight, HC 
normal, length low 
to normal

Features of  
malnutrition

Less pronounced More pronounced

IUGR, Intrauterine growth restriction.
Adapted from Sharma D, Shastri S, Sharma P. Intrauterine growth restriction: –part 2.  
J Matern Fetal Neonatal Med. 2016 Mar 15:1–12.

Table 119.8    � Problems of Infants Small for Gestational Age 
or with Intrauterine Growth Restriction*

PROBLEM PATHOGENESIS

Intrauterine fetal demise Hypoxia, acidosis, infection, lethal 
anomaly

Perinatal asphyxia ↓ Uteroplacental perfusion during  
labor ± chronic fetal hypoxia-acidosis; 
meconium aspiration syndrome

Hypoglycemia ↓ Tissue glycogen stores, ↓ 
gluconeogenesis, hyperinsulinism, 
↑ glucose needs of hypoxia, 
hypothermia, large brain

Polycythemia-hyperviscosity Fetal hypoxia with ↑ erythropoietin 
production

Reduced oxygen  
consumption/hypothermia

Hypoxia, hypoglycemia, starvation 
effect, poor subcutaneous fat stores

Dysmorphology Syndrome anomalads, chromosomal-
genetic disorders, oligohydramnios-
induced deformation, TORCH†

*Other problems include pulmonary hemorrhage and those common to the gestational 
age–related risks of prematurity if born at <37 wk.

†TORCH, Toxoplasmosis, other agents, rubella, cytomegalovirus, herpes simplex infection.
↓, Decreased; ↑, increased.
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A small-for-gestational-age neonate develops hypoglycemia shortly after birth. Which
predisposing mechanism is included in the table?

A. Reduced glycogen stores and limited gluconeogenesis

B. Excess stored glycogen in every case

C. Absence of any glucose utilization

D. An obligatory insulinoma

E. Only high maternal calcium
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Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 16

1048  Part X  u  The Fetus and the Neonatal Infant

IUGR is indicative of compromise in utero and is associated with 
medical conditions that interfere with the circulation and efficiency of 
the placenta, with the development or growth of the fetus, or with the 
general health and nutrition of the mother (Table 119.6). Many factors 
are common to both prematurely born and LBW infants with IUGR. 
IUGR is associated with decreased insulin production or insulin-like 
growth factor (IGF) action at the receptor level. Infants with IGF-1 recep-
tor defects, pancreatic hypoplasia, or transient neonatal diabetes have 
IUGR. Genetic mutations affecting the glucose-sensing mechanisms of 
the pancreatic islet cells result in decreased insulin release (loss of func-
tion of the glucose-sensing glucokinase gene) and give rise to IUGR.

IUGR may be a normal fetal response to nutritional or oxygen depri-
vation; therefore the issue is not the IUGR but rather the ongoing risk 
of fetal malnutrition or hypoxia. IUGR is often classified as reduced 
growth that is symmetric (head circumference, length, and weight 
equally affected) or asymmetric (with relative sparing of head growth) 
(Table 119.7). Symmetric IUGR often has an earlier onset in the first 
trimester of pregnancy and is associated with diseases that seriously 
affect fetal cell number, such as conditions with chromosomal, genetic, 
malformation, teratogenic, infectious, or severe maternal hypertensive 
etiologies. It is important to assess gestational age carefully in infants 
suspected to have symmetric IUGR because incorrect overestimation 
of gestational age may lead to the diagnosis of symmetric IUGR. It is 
also important to assess carefully for dysmorphic features in infants 
with symmetric IUGR. Asymmetric IUGR is often of late onset in the 
second half of pregnancy, demonstrates preservation of Doppler wave-
form velocity to the carotid vessels, and is associated with poor mater-
nal nutrition or with late onset or exacerbation of maternal vascular 
disease (preeclampsia, chronic hypertension).

Table 119.8 lists common problems of infants with IUGR. In addi-
tion, in both preterm and term infants, IUGR is associated with 
increased risk of cardiovascular disease across the life span, and both 
SGA and IUGR are associated with an increased risk of neurodevelop-
mental impairment. To properly manage infants born IUGR and SGA, 
clinicians must prepare for the possible perinatal morbidities (e.g., 
hypoglycemia, hypothermia, pulmonary hypertension, feeding intoler-
ance), perform any diagnostic testing needed to determine the etiology, 

and monitor closely for long-term deficits (e.g., growth, neurodevelop-
ment, cardiovascular). 

LARGE-FOR-GESTATIONAL-AGE INFANTS
Infants with birthweight >90th percentile for gestational age are called 
large for gestational age (LGA). Neonatal mortality rates decrease 
with increasing birthweight until approximately 4,000 g, after which 
they increase. These oversized infants are usually born at term, but 

Table 119.6    � Factors Often Associated with Intrauterine 
Growth Restriction

FETAL
Chromosomal (trisomies, microdeletions, copy number variants) and 

monogenetic disorders
Chronic fetal infections (cytomegalic inclusion disease, congenital 

rubella, syphilis)
Congenital anomalies—syndrome complexes
Irradiation
Multiple gestation
Pancreatic hypoplasia
Insulin deficiency (production or action of insulin)
Insulin-like growth factor type I deficiency
PLACENTAL
Decreased placental weight, cellularity, or both
Decrease in surface area
Villous placentitis (bacterial, viral, parasitic)
Infarction
Tumor (chorioangioma, hydatidiform mole)
Placental separation
Placental mesenchymal dysplasia
Twin transfusion syndrome
MATERNAL/PATERNAL
Preeclampsia
Hypertension or renal disease, or both
Hypoxemia (high altitude, cyanotic cardiac or pulmonary disease)
Malnutrition (micronutrient or macronutrient deficiencies)
Chronic illness
Sickle cell anemia
Drugs (opiates, alcohol, cigarettes, cocaine, prescribed medications, 

antimetabolites)

Table 119.7    � Characteristics of Symmetric vs Asymmetric 
IUGR

CHARACTERISTICS SYMMETRIC IUGR ASYMMETRIC IUGR

Typical period  
of insult and  
presentation

Earlier gestation 
(often second 
trimester)

Later gestation  
(often detected in 
the third trimester)

Percentage of all 
IUGR cases

20–30% 70–80%

Etiology Genetic disorders
Congenital infections

Placental insufficiency

Antenatal scan Proportionately 
decreased head 
circumference 
(HC), abdominal 
circumference (AC), 
biparietal diameter, 
and femur length

Only abdominal 
circumference 
decreased

Cell number Decreased Normal

Cell size Normal Decreased

Postnatal  
anthropometry

All parameters (HC, 
length, and weight) 
reduced

Reduced weight, HC 
normal, length low 
to normal

Features of  
malnutrition

Less pronounced More pronounced

IUGR, Intrauterine growth restriction.
Adapted from Sharma D, Shastri S, Sharma P. Intrauterine growth restriction: –part 2.  
J Matern Fetal Neonatal Med. 2016 Mar 15:1–12.

Table 119.8    � Problems of Infants Small for Gestational Age 
or with Intrauterine Growth Restriction*

PROBLEM PATHOGENESIS

Intrauterine fetal demise Hypoxia, acidosis, infection, lethal 
anomaly

Perinatal asphyxia ↓ Uteroplacental perfusion during  
labor ± chronic fetal hypoxia-acidosis; 
meconium aspiration syndrome

Hypoglycemia ↓ Tissue glycogen stores, ↓ 
gluconeogenesis, hyperinsulinism, 
↑ glucose needs of hypoxia, 
hypothermia, large brain

Polycythemia-hyperviscosity Fetal hypoxia with ↑ erythropoietin 
production

Reduced oxygen  
consumption/hypothermia

Hypoxia, hypoglycemia, starvation 
effect, poor subcutaneous fat stores

Dysmorphology Syndrome anomalads, chromosomal-
genetic disorders, oligohydramnios-
induced deformation, TORCH†

*Other problems include pulmonary hemorrhage and those common to the gestational 
age–related risks of prematurity if born at <37 wk.

†TORCH, Toxoplasmosis, other agents, rubella, cytomegalovirus, herpes simplex infection.
↓, Decreased; ↑, increased.
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A former preterm infant has recovered from an acute illness but is still unable to maintain
temperature outside an incubator. Which discharge-readiness criterion is unmet?

A. Stable temperature regulation

B. A previously passed fetal ultrasound

C. Maternal blood type documentation alone

D. The ability to cry once

E. A one-time normal heart rate
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preterm infants with high weights for gestational age also have a sig-
nificantly higher mortality than infants of the same size born at term; 
maternal diabetes and obesity are predisposing factors. Some infants 
are constitutionally large because of large parental size. LGA infants, 
regardless of their gestational age, have a higher incidence of shoulder 
dystocia and birth injuries, such as cervical and brachial plexus inju-
ries, phrenic nerve damage with paralysis of the diaphragm, fractured 
clavicles, cephalohematomas, subdural hematomas, and ecchymoses of 
the head and face. LGA infants are also at increased risk for hypoglyce-
mia and polycythemia.

The incidence of congenital anomalies, particularly congenital heart 
disease, is also higher in LGA infants than in term infants of normal 
weight. 

POSTTERM INFANTS
Postterm infants are those born after 42 weeks (294 days) of gestation, 
as calculated from the mother’s LMP. Historically, approximately 12% 
of pregnancies resulted in delivery after 42 weeks. However, with cur-
rent evidence demonstrating significantly increased maternal, fetal 
and neonatal risks after 42 weeks’ gestation, obstetric interventions to 
induce labor often occur before 42 weeks, resulting in a decreasing rate 
of postterm births. The cause of true postterm birth or postmaturity is 
unknown, though some have been attributed to genetic influences and 
defects in fetal production of parturition hormones. Postterm infants 
are often dysmature, with normal length and head circumference but 
may have decreased weight, indicating impaired nutritional supply 
from placental insufficiency. Infants born postterm in association with 
presumed placental insufficiency may have various physical signs. Des-
quamation, long nails, abundant hair, pale skin, alert faces, and loose 
skin, especially around the thighs and buttocks, give them the appear-
ance of having recently lost weight; meconium-stained nails, skin, 
vernix, umbilical cord, and placental membranes may also be noted. 
Common complications of postmaturity include perinatal depression, 
meconium aspiration syndrome, persistent pulmonary hypertension, 
hypoglycemia, hypocalcemia, and polycythemia.

Perinatal mortality is 5.8% for infants born at ≥42 weeks’ gestational 
age, compared to 0.7% for those born at term. Mortality may be due 
to placental insufficiency or umbilical cord compression resulting in 
hypoxemia and asphyxia. Mortality has been greatly reduced through 
improved obstetric management. Data suggest that elective delivery 
between the 39th and 41st week of gestation for both nulliparous and 
multiparous women is associated with decreased maternal and neona-
tal complications compared with those who were expectantly managed.

Careful obstetric monitoring, including nonstress testing (NST), 
biophysical profile (BPP), or Doppler velocimetry, usually provides 
a rational basis for choosing one of three courses: nonintervention, 
induction of labor, or cesarean delivery. Induction of labor or cesarean 
birth may be indicated in older primigravidas >2 weeks beyond term, 
particularly if evidence of fetal distress is present. Medical problems in 
the newborn are treated if they arise.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

119.5 � Follow-Up of High-Risk Infants After 
Discharge
Andrea F. Duncan

DISCHARGE FROM THE HOSPITAL
Numerous criteria need to be met before a high-risk infant is ready 
for discharge from the hospital (Table 119.9). Before discharge, 
infants should be taking most or all nutrition by nipple, either bottle 
or breast. Some medically fragile infants may require discharge while 
receiving gavage feedings or after placement of a gastrostomy tube, 
after the parents have received appropriate training and education. 
Growth should be occurring at steady increments, with a goal weight 
gain of approximately 30 g/day. Temperature should be stable and 

normal in an open crib. Infants should have had no recent episodes 
of apnea or bradycardia requiring intervention for at least 5-7 days 
before discharge. Stable infants recovering from BPD may be dis-
charged on a regimen of home oxygen given by nasal cannula as long 
as careful follow-up is arranged with home pulse oximetry monitor-
ing and outpatient visits. Some children may require discharge on 
higher ventilatory support in partnership with pulmonology. All 
infants with birthweight <1,500 g or gestational age <30 weeks at 
birth should undergo an eye examination to screen for ROP. If born 
preterm, hemoglobin or hematocrit should be determined to evalu-
ate for possible anemia of prematurity. Every infant should have a 
hearing test before discharge. Routine vaccinations should be given 
based on chronological age before discharge. In addition, palivi-
zumab (Synagis) should be given to eligible infants during respira-
tory syncytial virus (RSV) season immediately before discharge for 
prophylaxis against RSV, with continued monthly doses arranged as 
an outpatient as appropriate.

If all major medical problems have resolved and the home setting is 
adequate, premature infants may then be discharged when their weight 
approaches 1,800-2,000 g, they are >34-35 weeks postmenstrual age 
(PMA), and all the above criteria are met. Parental education, close 
follow-up, and healthcare provider accessibility are all essential for early 
discharge protocols. The primary caregivers for the infant should have a 
chance to provide infant care in the hospital with nursing supervision and 
support before discharge home. All high-risk infants should follow up with 
their primary care provider within a few days of discharge and should 

Table 119.9    � Readiness for Discharge of High-Risk Infants 
Criteria

Resolution of acute life-threatening illnesses
Ongoing follow-up for chronic but stable problems:

Bronchopulmonary dysplasia
Intraventricular hemorrhage
Necrotizing enterocolitis after surgery or recovery
Ventricular septal defect, other cardiac lesions
Anemia
Retinopathy of prematurity
Hearing problems
Apnea
Cholestasis

Stable temperature regulation
Gain of weight with enteral feedings:

Breastfeeding
Bottle feeding
Gastric tube feeding

Free of significant apnea
Appropriate immunizations and planning for respiratory syncytial 

virus prophylaxis if indicated
Hearing screenings
Ophthalmologic examination if <30 wk of gestation or <1,500 g at 

birth
Parental knowledge, skill, and confidence documented in:

Administration of medications (diuretics, methylxanthines, 
aerosols, etc.)

Use of oxygen, apnea monitors, oximeters
Nutritional support:

Timing
Volume
Mixing concentrated formulas

Recognition of illness and deterioration
Basic cardiopulmonary resuscitation
Infant safety
Scheduling of referrals:

Primary care provider
Neonatal follow-up clinic
Occupational therapy/physical therapy

Imaging (head ultrasound)
Assessment of and solution to social risks

Data from American Academy of Pediatrics, American College of Obstetricians: 
Guidelines for Perinatal Care. 7th ed. Elk Grove Village, IL: American Academy of 
Pediatrics; 2013.
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A preterm infant survives intraventricular hemorrhage. Which later complication is listed
among possible sequelae?

A. Posthemorrhagic hydrocephalus

B. A guaranteed absence of neurologic impairment

C. Congenital cleft lip caused by the bleed

D. An inherited trisomy produced by hemorrhage

E. Only acute gastroenteritis
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be followed in a follow-up program that tracks medical and neurode-
velopmental outcomes. 

POSTDISCHARGE FOLLOW-UP
Medical Follow-Up
Even after discharge from the hospital, high-risk infants need very 
close medical follow-up. They continue to be at increased risk for poor 
weight gain and failure to thrive. In the setting of viral illness, prema-
ture infants are at increased risk for significant respiratory distress. 
Infants who are sent home on oxygen need very close medical follow-
up with frequent visits and assessments, often with pulmonology. Table 
119.10 lists common sequelae of prematurity.

Medically complex infants can go home with a multitude of sub-
specialty appointments to help manage existing morbidities second-
ary to prematurity, for example, cardiology for management of a patent 
ductus arteriosus or pulmonary hypertension, pulmonary for BPD, 
nephrology for hypertension, ophthalmology for ROP, neurosurgery 
for hydrocephalus, and neurology for history of seizures. The extensive 
follow-up requirements can be overwhelming and daunting for fami-
lies. It is very important that these infants have a primary provider who 
serves as their “medical home” to help coordinate and assimilate the 
care from all these providers for families. This may be their primary 
care provider or subspecialty program provider. 

Developmental Follow-Up
Premature infants are at much greater risk for neurodevelopmental 
delays than their term counterparts; the more preterm, the greater the 

risk of delay. In addition, certain postnatal morbidities (severe BPD, 
grade III or IV intraventricular hemorrhage, severe ROP, seizures) are 
associated with significantly increased risk of developmental delays. It 
is very important that these infants, particularly those born preterm, 
are followed and assessed for developmental delay, so that if delays are 
detected targeted interventions can be instituted as early as possible.

It is recommended that developmental follow-up be available for 
infants born <32 weeks’ PMA, or at a minimum <28 weeks’ PMA and/
or <1 kg birthweight. Developmental follow-up in the United States is 
most often provided in a neonatal follow-up program for the first 2-3 
years of life, and in some cases, until school age. Assessments focus 
on five main developmental domains: cognitive development, lan-
guage development, fine and gross motor skills, social development, 
and emotional development. Although many assessments exist, the 
most widely used assessment in the United States is the Bayley Scales of 
Infant and Toddler Development, 4th Edition.

It is important to note that for at least the first 2 years of life, a child’s 
corrected age should be used in determining whether a delay exists. 
Corrected age is calculated by subtracting the weeks born premature 
from a child’s chronological age. In doing so, a corrected age accounts 
for a child’s prematurity. There is some debate whether corrected age 
should continue to be used after age 2 years.

If it is determined that a delay exists, a child should be referred for 
appropriate therapy immediately to help minimize the delay as the 
child ages. Federal law under the Individuals with Disabilities Act 
requires states to provide early intervention services to children <3 
years old with developmental delay. States vary greatly in how delay is 
defined and what services are offered. Early intervention is associated 
with improved cognitive outcomes in infancy and preschool age, but 
not lasting into school age. Motor outcomes are improved in infancy 
for children who receive early intervention, but this has not been 
shown to be a lasting effect into preschool and school age. However, 
these findings are difficult to interpret, given the heterogeneity of early 
interventions included in the reviews. With targeted interventions for 
specific delays, functional outcomes are improved.

Premature infants, especially those with a history of grade III or IV 
intraventricular hemorrhage or PVL seen on head imaging, are also 
at increased risk of motor impairments. Cerebral palsy is a nonpro-
gressive but permanent disorder of movement and posture caused by 
disturbance to the developing immature brain. Historically, cerebral 
palsy had not been diagnosed until 18-24 months of age, but it can be 
diagnosed within the first 6 months of life. Early detection is critical to 
leveraging the neuroplasticity present in the very early years of life for 
improved function. International guidelines for early assessment and 
diagnosis of cerebral palsy and standardized assessments such as the 
General Movements Assessment (GMA) and the Hammersmith Infant 
Neurological Examination (HINE) are recommended in the guidelines 
to help identify children at high risk for or with cerebral palsy within 
the first few months to a year of life. This enables these children to 
access early intervention services and therapy at an earlier age, as well 
as undergo more frequent surveillance as needed.

Children with a history of prematurity who do not show significant 
developmental delays in the first few years of life are still at risk of later 
developing learning disabilities, attention problems, and decreased 
school achievement. Continued screening by their primary care pro-
vider is needed as these children age. More subtle deficits may not be 
recognized until school age; therefore continued surveillance is critical.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

Table 119.10    � Sequelae of Prematurity

IMMEDIATE LATE

Hypoxia, ischemia Intellectual disability, spastic diplegia, 
microcephaly, seizures, poor school 
performance

Intraventricular  
hemorrhage

Intellectual disability, spasticity, seizures, 
post hemorrhagic hydrocephalus

Sensorineural injury Hearing and visual impairment, retinopathy 
of prematurity, strabismus, myopia

Respiratory failure Bronchopulmonary dysplasia, pulmonary 
hypertension, bronchospasm, 
malnutrition, subglottic stenosis

Necrotizing enterocolitis Short-bowel syndrome, malabsorption, 
malnutrition

Cholestatic liver disease Cirrhosis, hepatic failure, malnutrition

Nutrient deficiency Osteopenia, fractures, anemia, growth 
failure

Social stress Child abuse or neglect, failure to thrive, 
divorce

Other sequelae Sudden infant death syndrome, infections, 
inguinal hernia, cutaneous scars (chest 
tube, patent ductus arteriosus ligation, 
intravenous infiltration), gastroesophageal 
reflux, hypertension, craniosynostosis, 
cholelithiasis, nephrocalcinosis, 
cutaneous hemangiomas
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A cyanotic neonate has a scaphoid abdomen, bowel sounds in the chest, and respiratory
distress soon after birth. Which life-threatening congenital anomaly in the table is most likely?

A. Congenital diaphragmatic hernia

B. Uncomplicated choanal stenosis

C. Isolated pyloric stenosis

D. Intussusception

E. Esophageal candidiasis

Original table 121.1  |  Nelson printed p. 1053  |  PDF p. 1064

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 19
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Irritability may be a sign of discomfort accompanying intraab-
dominal conditions, meningeal irritation, drug withdrawal, infections, 
trauma (birth or nonaccidental), or any condition producing pain. It 
must be distinguished from normal crying behavior associated with 
hunger or benign environmental stimuli.

The lack of an interest to feed may indicate a sick infant and should 
prompt a careful search for infection, a CNS (brain or spine) or periph-
eral nervous system disorder, IEM, or intestinal obstruction. 

APNEA
Periods of apnea, particularly in premature infants, can be attributed 
to many different underlying causes (see Chapter 125). When apnea 
occurs in a term infant, it should be considered pathologic until proven 
otherwise, and an immediate diagnostic evaluation for the underlying 
cause is imperative. 

CONGENITAL ANOMALIES
Congenital anomalies are a common cause of neonatal morbidity 
and mortality worldwide (see Chapters 98–100). Early recognition of 
anomalies during fetal life is important to plan for delivery room man-
agement and subsequent neonatal care. Some malformations, includ-
ing congenital heart disease, tracheoesophageal fistula, diaphragmatic 
hernia, choanal atresia, and intestinal obstruction, require immediate 
medical/surgical therapy for postnatal survival (Table 121.1). Prena-
tal and postnatal testing strategies, including advanced imaging tech-
niques and genetic testing, have improved the specific diagnosis of 
congenital anomalies (see Chapter 103.1). Historically, genetic testing 
was performed by obtaining a karyotype with or without fluorescence 
in situ hybridization (FISH). A karyotype can identify a large number 
of chromosomal abnormalities; FISH can test for classic microdeletion 
syndromes such as 22q11. Chromosomal microarray is also indicated 
for genetic testing of infants with congenital anomalies because it can 
identify microdeletions or microduplications that are too small to be 
detected by more traditional techniques. In cases where a common 
aneuploidy, such as trisomy 13, 18, or 21, is suspected, obtaining a 
conventional karyotype and/or FISH may be the more appropriate test 
as those results are available in a few days. Whole exome sequencing 
(WES) uses next-generation sequencing to identify variants in protein 
coding genes that may be responsible for a disease phenotype. Rapid 
WES can have results available in 1-2 weeks. This can be used in a 
critically ill infant with a suspected genetic disorder that lacks a unify-
ing diagnosis, and it may lead to a specific treatment and prognosis. 
Limitations of both microarray and WES include the identification of 

variants that may not be pathogenic in nature. Parents should receive 
genetic counseling as part of any testing strategy. It is important that 
healthcare providers are aware of the indication and limitations of the 
type of genetic test being performed. 

CYANOSIS
Central cyanosis generates a broad differential diagnosis encompass-
ing respiratory, cardiac, CNS, infectious, hematologic, and metabolic 
etiologies (Table 121.2). Typically, 5 g/dL of deoxyhemoglobin must 
be present in the blood for central cyanosis to be clinically apparent. If 
respiratory insufficiency is caused by pulmonary conditions, respira-
tions tend to be rapid with increased work of breathing. If caused by 
CNS depression, respirations tend to be irregular and weak and are 
often slow. Cyanosis unaccompanied by obvious signs of respiratory 
difficulty suggests cyanotic congenital heart disease or methemoglo-
binemia. Cyanosis resulting from congenital heart disease may be 
difficult to distinguish clinically from cyanosis caused by respiratory 
disease. Episodes of cyanosis may also be the initial sign of hypogly-
cemia, bacteremia, meningitis, shock, or pulmonary hypertension. 
Peripheral acrocyanosis is common in neonates and thought to rep-
resent peripheral venous congestion associated with immature control 
of peripheral vascular tone. It does not usually warrant concern unless 
poor perfusion is suspected. 

GASTROINTESTINAL DISTURBANCES
Vomiting during the first day of life can suggest obstruction in the 
upper digestive tract, metabolic disease, or may be physiologic. 
Abdominal distention with emesis, usually a sign of intestinal obstruc-
tion or an intraabdominal mass, may also be seen in infants with 
enteritis, necrotizing enterocolitis (NEC), isolated intestinal perfora-
tion, ileus accompanying sepsis, respiratory distress, ascites, or hypo-
kalemia. Imaging studies are indicated when obstruction is suspected; 
proximal intestinal obstruction often occurs with a normal physical 
examination, whereas distal obstruction will likely be accompanied by 
distention. Vomiting may also be a nonspecific symptom of an illness 
such as sepsis with associated abdominal distention and ileus. It is a 
common manifestation of overfeeding, as well as gastroesophageal or 
physiologic reflux. Rarely, vomiting is caused by pyloric stenosis, milk 
protein allergy, duodenal ulcer, stress ulcer, an IEM (hyperammone-
mia, metabolic acidosis), or adrenal insufficiency. Vomitus containing 
blood is usually a sign of a serious illness, but the benign possibility of 
swallowed maternal blood associated with the delivery process should 
also be considered. Tests for maternal vs fetal hemoglobin can help 

Table 121.1    � Common Life-Threatening Congenital Anomalies

ANOMALY MANIFESTATIONS

Choanal atresia Respiratory distress in delivery room; nasogastric tube cannot be passed 
through nares

Suspect CHARGE (coloboma of eye, heart anomaly, choanal atresia, 
retardation, genital and ear anomalies) syndrome

Pierre Robin syndrome, Stickler syndrome Micrognathia, cleft palate, airway obstruction

Diaphragmatic hernia Scaphoid abdomen, bowel sounds present in chest, respiratory distress

Tracheoesophageal fistula Polyhydramnios, aspiration pneumonia, excessive salivation; nasogastric tube 
cannot be placed in stomach

Suspect VATER (vertebral defects, imperforate anus, tracheoesophageal 
fistula, radial and renal dysplasia) syndrome

Intestinal obstruction: volvulus, duodenal atresia, ileal atresia Polyhydramnios, bile-stained emesis, abdominal distention
Suspect trisomy 21, cystic fibrosis, or cocaine use

Gastroschisis, omphalocele Polyhydramnios, intestinal obstruction

Renal agenesis, Potter syndrome Oligohydramnios, anuria, pulmonary hypoplasia, pneumothorax

Neural tube defects: anencephaly, meningomyelocele Polyhydramnios, elevated α-fetoprotein, decreased fetal activity

Ductus-dependent congenital heart disease Cyanosis, hypotension, murmur
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A newborn has central cyanosis and hypoventilation following maternal sedative exposure near
delivery. Which etiologic category in the cyanosis table applies?

A. Central nervous system depressant effect and hypoventilation

B. Only congenital cardiac shunting

C. Isolated peripheral acrocyanosis

D. Normal transition in every case

E. Congenital intestinal obstruction

Original table 121.2  |  Nelson printed p. 1054  |  PDF p. 1065

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 20
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Table 121.2    � Differential Diagnosis of Cyanosis in the Newborn

CENTRAL OR PERIPHERAL NERVOUS SYSTEM HYPOVENTILATION
Birth asphyxia
Intracranial hypertension, hemorrhage
Oversedation (direct or through maternal route)
Diaphragm palsy
Neuromuscular diseases
Seizures

RESPIRATORY DISEASE
Airway
Choanal atresia/stenosis
Pierre Robin syndrome
Intrinsic airway obstruction (laryngeal/bronchial/tracheal stenosis)
Extrinsic airway obstruction (bronchogenic cyst, duplication cyst, 

vascular compression)

Lung
Respiratory distress syndrome
Transient tachypnea
Meconium aspiration
Pneumonia (sepsis)
Pneumothorax
Congenital diaphragmatic hernia
Pulmonary hypoplasia

CARDIAC RIGHT-TO-LEFT SHUNT
Abnormal Connections (Pulmonary Blood Flow Normal or 
Increased)
Transposition of great vessels
Total anomalous pulmonary venous return
Truncus arteriosus
Hypoplastic left heart syndrome
Single ventricle or tricuspid atresia with large ventricular septal 

defect but without pulmonic stenosis

OBSTRUCTED PULMONARY BLOOD FLOW (PULMONARY 
BLOOD FLOW DECREASED)
Pulmonic atresia with intact ventricular septum
Tetralogy of Fallot
Critical pulmonic stenosis with patent foramen ovale or atrial septal 

defect
Tricuspid atresia
Single ventricle with pulmonic stenosis
Ebstein malformation of tricuspid valve
Persistent fetal circulation (persistent pulmonary hypertension of 

newborn)

METHEMOGLOBINEMIA
Congenital (hemoglobin M, methemoglobin reductase deficiency)
Acquired (nitrates, nitrites)

INADEQUATE DELIVERY
Inadequate ambient O2 or less O2 delivered than expected (rare)
Disconnection of O2 supply to nasal cannula, head hood
Connection of air, rather than O2, to a mechanical ventilator

SPURIOUS/ARTIFACTUAL
Oximeter artifact (poor contact between probe and skin, poor pulse 

searching)
Arterial blood gas artifact (contamination with venous blood)

OTHER
Hypoglycemia
Adrenogenital syndrome
Polycythemia
Blood loss

From Smith F: Cyanosis. In: Kliegman RM: Practical Strategies in Pediatric Diagnosis and Therapy. Philadelphia: Saunders; 1996.

discriminate between these possibilities. Bilious emesis in a term infant 
should be considered a surgical emergency with a presumed diagnosis 
of intestinal malrotation with or without volvulus until proven other-
wise. This finding warrants urgent contrast radiography of the upper 
gastrointestinal tract (see Chapter 376.3).

Diarrhea may be a symptom of overfeeding (especially high–caloric 
density formula), acute gastroenteritis, congenital diarrhea syndromes, 
or malabsorption, or it may be a nonspecific symptom of infection. 
Diarrhea should be differentiated from the normal loose, seedy, yellow 
stool seen typically in breastfed infants. Diarrhea may occur in condi-
tions accompanied by compromised circulation of part of the intestinal 
or genital tract, such as mesenteric thrombosis, NEC, strangulated her-
nia, intussusception, and torsion of the ovary or testis. 

HYPOTENSION
Hypotension in term infants implies hypovolemic shock (hemorrhage, 
dehydration), a systemic inflammatory response syndrome (bacterial 
sepsis, intrauterine infection, NEC, cardiac dysfunction, myocarditis, 
asphyxia-induced myocardial stunning, anomalous coronary artery), 
congenital heart disease with ductal-dependent systemic blood flow 
(hypoplastic left heart syndrome, congenital aortic stenosis), pneumo-
thorax, pneumopericardium, pericardial effusion, or metabolic disor-
ders (hypoglycemia, adrenal insufficiency).

Hypotension is a common problem in sick preterm infants and may 
also be caused by any of the problems noted in a term infant. Some 
extremely low gestational age infants do not respond to fluids or ino-
tropic agents but may improve with administration of intravenous 
hydrocortisone (Fig. 121.1). Sudden onset of hypotension in a very low 
birthweight (VLBW) infant suggests pneumothorax, intraventricular 
hemorrhage, or subcapsular hepatic hematoma. Strategies used to sup-
port blood pressure include volume expansion with crystalloid and/or 
colloid, vasopressors (dopamine, dobutamine, epinephrine, norepineph-
rine, vasopressin), or corticosteroids (hydrocortisone) (see Chapter 85). 

JAUNDICE
Jaundice during the first 24 hours of life warrants diagnostic evaluation 
and should be considered pathologic until proven otherwise. Hemo-
lytic disease of the newborn due to rhesus blood group system (Rh) 
isoimmunization or blood type compatibility are the most common 
cause (see Chapter 140). Intrauterine infections (e.g., syphilis, cyto-
megalovirus, and toxoplasmosis), early-onset sepsis, or gestational 
alloimmune liver disease (formerly described as neonatal hemochro-
matosis) should be considered in infants with neonatal cholestasis, 
identified by an increase in direct bilirubin value. Immediate evalua-
tion includes obtaining total and direct bilirubin, infant blood type and 
Coombs status, CBC, and reticulocyte count. There are nomograms 
specific to the age (in hours) of the infant to guide the initiation of ther-
apeutic interventions depending on the levels of serum bilirubin values 
(see Chapter 137). Phototherapy is the standard first-line therapy. In 
the case of Coombs-positive hemolysis, strong consideration should 
be made to giving intravenous immunoglobulin (IVIG) if there is no 
response to intensive phototherapy. Double volume exchange transfu-
sion is recommended in situations with rapidly rising indirect bilirubin 
levels, particularly in infants whose bilirubin levels rise over 20 mg/dL. 
In these cases, obtaining a serum albumin is also recommended.

Jaundice that is identified after the first 24 hours of age may be physi-
ologic or pathologic. Physiologic conditions include breast-milk and 
breast-feeding jaundice. Pathologic conditions include bacterial sepsis, 
congenital hypothyroidism, galactosemia, congenital atresia of the bile 
ducts, or other conditions (see Chapter 137). 

PAIN
Pain in neonates may be unrecognized and/or undertreated. The inten-
sive care of neonates may involve several painful procedures, including 
blood sampling (heelstick, venous or arterial puncture), endotracheal 
intubation and suctioning, mechanical ventilation, and insertion of 
chest tubes and intravascular catheters. Pain in neonates results in 
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A preterm infant develops new periventricular echolucent cysts on ultrasound 2 weeks after an
earlier echogenic lesion. Which process in the table does this represent?

A. Cystic evolution of periventricular leukomalacia

B. A normal fetal cranial suture

C. An acute extracranial scalp hematoma

D. A congenital cataract

E. A normal choroid plexus variant by definition

Original table 122.3  |  Nelson printed p. 1061  |  PDF p. 1072

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 21
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Early versus Late Ventricular Intervention Study (ELVIS) trial demon-
strated the effectiveness of intervention at a low threshold of ventricu-
lar dilation on the outcomes of death and severe neurodevelopmental 
disability in preterm infants with PHVD. Post hoc analysis of this study 
demonstrated that infants who went on to having a shunt had better 
neurodevelopmental outcome scores if interventions were done at a 
lower threshold. 

TREATMENT
No treatment is available for IVH once it has occurred, and the man-
agement is largely symptomatic. Seizures should be treated with anti-
convulsant drugs. Anemia and coagulopathy require transfusion with 
packed red blood cells or fresh-frozen plasma. Shock and acidosis are 
treated with fluid resuscitation.

Insertion of a ventriculoperitoneal shunt is the preferred method 
to treat progressive and symptomatic PHH. Some infants require tem-
porary CSF diversion before a permanent shunt can be safety inserted. 
Diuretics and acetazolamide are not effective. Ventricular access 
devices (reservoirs) and externalized ventricular drains are poten-
tial temporizing interventions, although there is an associated risk of 

infection and puncture porencephaly from injury to the surrounding 
parenchyma. A ventriculosubgaleal shunt inserted from the ventricle 
into a surgically created subgaleal pocket provides a closed system for 
constant ventricular decompression without these additional risk fac-
tors. Decompression is regulated by the pressure gradient between the 
ventricle and the subgaleal pocket.

One approach to therapeutic interventions is based on the sever-
ity of ultrasonographic dimensions of ventricular size (Table 122.4 and 
Fig. 122.5) 

PREVENTION
Improved perinatal care is imperative to minimize traumatic brain 
injury and decrease the risk of preterm delivery. The incidence of 
traumatic intracranial hemorrhage may be reduced by judicious man-
agement of cephalopelvic disproportion and operative delivery. Fetal 
or neonatal hemorrhage caused by maternal idiopathic thrombocy-
topenic purpura or alloimmune thrombocytopenia may be reduced 
by maternal treatment with corticosteroids, intravenous immuno-
globulin (IVIG), fetal platelet transfusion, or cesarean birth. Meticu-
lous care of the VLBW infant’s respiratory status and fluid-electrolyte 

Table 122.3    � Ultrasound Diagnosis of Periventricular Leukomalacia

US APPEARANCE TEMPORAL FEATURES NEUROPATHOLOGIC CORRELATION

Echogenic foci, bilateral, posterior > anterior First week Necrosis with congestion and/or hemorrhage 
(size >1 cm)

Echolucent foci (“cysts”) 1-3 weeks Cyst formation secondary to tissue dissolution 
(size >3 mm)

Ventricular enlargement, often with 
disappearance of “cysts”

≥2-3 months Deficient myelin formation; gliosis, often with 
collapse of cyst

From Neil JJ, Volpe JJ. Encephalopathy of prematurity: Clinical-neurological features, diagnosis, imaging, prognosis, therapy. In: Volpe JJ, Inder TE, Darras BT, et al., eds. Volpe’s 
Neurology of the Newborn. 6th ed. Philadelphia: Elsevier; 2018: Table 16-6.

Table 122.4    � Proposed Risk Stratification and Management of Infants with PHVD

Consider alterations in NIRS (i.e., decrease cerebral oxygenation) or Doppler US (i.e., increase in Resistive Index) as
additional information that may suggest impairment in cerebral perfusion and more urgent need for intervention.

Green Zone
Key criteria:
Ventricular size with the following
• VI ≤97th percentile
  and
• AHW ≤6 mm

And
Absence of the following clinical
criteria:
     • HC growth >2 cm per week
     • Separated sutures
     • Bulging fontanelles

Management:
     • Observation in NICU
     • cUS twice a week until stable for
       2 weeks then every 1-2 weeks
       until 34 weeks PMA
     • MRI at term equivalent

Yellow Zone
Key criteria:
Ventricular size with the following
• VI >97th percentile
  and
• AHW >6 mm and/or TOD >25 mm

And
Absence of the following clinical
criteria:
     • HC growth >2 cm per week
     • Separated sutures
     • Bulging fontanelles

Management:
     • Referral to a regional center for
       neurosurgical review
     • Consider LP 2-3 times
     • cUS 2-3X a week until stable for
       2 weeks then every 1-2 weeks
       until 34 weeks PMA
     • Neurosurgical intervention when
       no stabilization occurs
     • MRI at term equivalent

Key criteria:
Ventricular size with the following
• VI >97th percentile + 4mm
  and
• AHW >10 mm and/or TOD >25 mm

Or
Any of the following clinical
criteria:
     • HC growth >2 cm per week
     • Separated sutures
     • Bulging fontanelles

Management:
     • Consider LP 2-3 times
     • Neurosurgical intervention
       including either temporizing
       measures or VP shunt
     • MRI at term equivalent

Red Zone

VI, ventricular index; AHW, anterior horn width; cUS, cranial ultrasound; TOD, thalamo-occipital distance; LP, lumbar puncture; HC, head circumference; NIRS, near-infrared spectroscopy; 
NICU, neonatal intensive care unit; PMA, postmenstrual age.

From El-Dib M, Limbrick DD, Inder T, et al. Management of post-hemorrhagic ventricular dilation in the infant born preterm. J Pediatr. 2020;226:16–26. Fig. 5.
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A neonate recovering from severe birth asphyxia develops myocardial dysfunction and acute
renal injury. Which statement from the table explains these findings?

A. Asphyxia may affect multiple organ systems

B. Asphyxia affects the brain only

C. Kidney injury rules out hypoxic injury

D. Cardiac dysfunction implies only an inherited arrhythmia

E. The infant must have an intestinal infection

Original table 122.5  |  Nelson printed p. 1062  |  PDF p. 1073
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management—avoidance of acidosis, hypocarbia, hypoxia, hypo-
tension, wide fluctuations in neonatal blood pressure or Pco2 (and 
secondarily fluctuation in cerebral perfusion pressure), and pneumo-
thorax—are important factors that may affect the risk for development 
of IVH and PVL.

The most important protective factor against the development of IVH 
is antenatal administration of corticosteroids. A single course of antena-
tal corticosteroids is recommended for pregnant people between 24 0/7 
weeks and 36 6/7 weeks of gestation who are at risk for preterm delivery 
within 7 days. It also may be considered for pregnant people starting at 
23 weeks of gestion who are at risk for preterm delivery within 7 days, 
based on the family’s decision regarding resuscitation. A rescue course of 
corticosteroids could be provided as early as 7 days from the prior dose, 
if indicated by the clinical scenario. Antenatal administration of magne-
sium sulfate was not associated with a reduction in the incidence of IVH, 
although it has been associated with a reduction in the risk of cerebral 
palsy. Prophylactic indomethacin showed a significant reduction in the 
incidence of severe IVH; however, this reduction in severe IVH was not 
associated with a reduction in severe neurosensory impairment.

Visit Elsevier eBooks+ at eBooks.Health.Elsevier.com for Bibliography.

122.4  Hypoxic-Ischemic Encephalopathy
Susan S. Cohen, Alicia J. Sprecher, and  
Krishna K. Acharya

Hypoxemia, a decreased arterial concentration of oxygen, frequently 
results in hypoxia, or decreased oxygenation to cells or organs. Isch-
emia refers to blood flow to cells or organs that is inadequate to main-
tain physiologic function. Hypoxic-ischemic encephalopathy (HIE) is a 
leading cause of neonatal brain injury, morbidity, and mortality glob-
ally. In the developed world, incidence is estimated at 1-8 per 1,000 live 
births, and in the developing world, estimates are as high as 26 per 1,000.

Approximately 20–30% of infants with HIE (depending on the sever-
ity) die in the neonatal period, and 33–50% of survivors are left with per-
manent neurodevelopmental abnormalities (cerebral palsy, decreased 
intelligence quotient [IQ], learning/cognitive impairment). The great-
est risk of adverse outcome is seen in infants with severe fetal acidosis 
(pH <6.7) (90% death/impairment) and a base deficit >25 mmol/L (72% 
mortality). Multiorgan failure and insult can occur (Table 122.5).

ETIOLOGY
Neonatal encephalopathy and seizures, in the absence of major con-
genital malformations or metabolic or genetic syndromes, appear to be 

caused by perinatal events. Brain MRI or autopsy findings in full-term 
neonates with encephalopathy demonstrate that 80% have acute inju-
ries, <1% have prenatal injuries, and 3% have non–hypoxic-ischemic 
diagnoses. Fetal hypoxia may be caused by various disorders in the 
mother, including (1) inadequate oxygenation of maternal blood from 
hypoventilation during anesthesia, cyanotic heart disease, respiratory 
failure, or carbon monoxide poisoning; (2) low maternal blood pres-
sure from acute blood loss, spinal anesthesia, or compression of the 
vena cava and aorta by the gravid uterus; (3) inadequate relaxation of 
the uterus to permit placental filling as a result of uterine tetany caused 
by the administration of excessive oxytocin; (4) premature separation 
of the placenta; (5) impedance to the circulation of blood through the 
umbilical cord as a result of compression or knotting of the cord; and 
(6) placental insufficiency from maternal infections, exposures, diabe-
tes, toxemia or postmaturity.

HW*
VI*

AHW

VA

*FHR = VI/HW

VH

TOD
A B

Fig. 122.5  Ventricular parameters measured in the (A) coronal and (B) sagittal planes by cranial ultrasonography. AHW, anterior horn width; FHR, 
frontal horn ratio; HW, hemispheric width; TOD, thalamo-occipital distance; VA, ventricular axis; VH, ventricular height; VI, ventricular index. 
(From Brouwer MJ, de Vries LS, Pistorius L, et al. Ultrasound measurements of the lateral ventricles in neonates: why, how, and when? A systematic 
review. Acta Paediatr. 2010;99:1298–306.)

Table 122.5    � Multiorgan Systemic Effects of Asphyxia

SYSTEM EFFECTS

Central nervous Hypoxic-ischemic encephalopathy, 
infarction, intracranial  
hemorrhage, seizures, cerebral 
edema, hypotonia, hypertonia

Cardiovascular Myocardial ischemia, poor 
contractility, cardiac stunning, 
tricuspid insufficiency,  
hypotension

Pulmonary Pulmonary hypertension,  
pulmonary hemorrhage,  
respiratory distress syndrome

Renal Acute tubular or cortical necrosis

Adrenal Adrenal hemorrhage

Gastrointestinal Perforation, ulceration with  
hemorrhage, necrosis

Metabolic Inappropriate secretion of  
antidiuretic hormone,  
hyponatremia, hypoglycemia, 
hypocalcemia, myoglobinuria

Integumentary Subcutaneous fat necrosis

Hematologic Disseminated intravascular  
coagulation
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A term infant with HIE has basal-ganglia and thalamic injury on MRI and later develops
movement abnormalities. Which relationship in the topography table is relevant?

A. Deep gray injury can be associated with motor sequelae

B. MRI location has no relationship to clinical course

C. All HIE injuries occur in peripheral nerves

D. Only the liver determines later motor signs

E. Deep gray structures are never affected

Original table 122.6  |  Nelson printed p. 1063  |  PDF p. 1074

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. Answer key follows all questions. 23
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Placental insufficiency often remains undetected on clinical assess-
ment. Intrauterine growth restriction may develop in chronically 
hypoxic fetuses without the traditional signs of fetal distress. Dop-
pler umbilical waveform velocimetry (demonstrating increased fetal 
vascular resistance) and cordocentesis (demonstrating fetal hypoxia 
and lactic acidosis) identify a chronically hypoxic infant (see Chapter 
117). Uterine contractions may further reduce umbilical oxygenation, 
depressing the fetal cardiovascular system and CNS and resulting in 
low Apgar scores and respiratory depression at birth.

After birth, hypoxia may be caused by (1) failure of oxygenation as 
a result of severe forms of cyanotic congenital heart disease or severe 
pulmonary disease; (2) severe anemia (severe hemorrhage, hemolytic 
disease); (3) shock severe enough to interfere with the transport of oxy-
gen to vital organs from overwhelming sepsis, massive blood loss, and 
intracranial or adrenal hemorrhage; or (4) failure to breathe after birth 
because of in utero CNS injury or drug-induced suppression. 

PATHOPHYSIOLOGY AND PATHOLOGY
The topography of cerebral injury typically correlates with areas of 
decreased cerebral blood flow and areas of relatively higher metabolic 
demand, although regional vulnerabilities are impacted by gestational age 
and severity of insult (Table 122.6). After an episode of hypoxia and isch-
emia, anaerobic metabolism occurs and generates increased amounts of 
lactate and inorganic phosphates. Excitatory and toxic amino acids, par-
ticularly glutamatergic mechanism has a role in neurotoxicity. Whether 
this mechanism involves tissue accumulation of an abnormal amount of 
glutamate or altered sensitivity to the interaction between glutamate and 
its endogenous family of receptors (i.e., N-methyl-d-aspartate [NMDA], 
amino-3-hydroxy-5-methyl-4-isoxazole propionate [AMPA], and kainite) 
is unknown. However, receptor activation results in a cascade of events 
that leads to cell death by swelling (oncosis) or apoptosis. Along with these 
changes in the CNS, there are also potentially exacerbating bioenergetic 
changes as a result of the circulatory response with increased shunting 
through the ductus venosus, ductus arteriosus, and foramen ovale, at first 
trying to maintain perfusion of the brain, heart, and adrenal glands in 
preference to the lungs, liver, kidneys, and intestine.

The pathology of hypoxia-ischemia in tissues outside the CNS 
depends on the affected organ and the severity of the injury. Early 
congestion, fluid leak from increased capillary permeability, and endo-
thelial cell swelling may lead to signs of coagulation necrosis and cell 
death. Congestion and petechiae are seen in the pericardium, pleura, 
thymus, heart, adrenals, and meninges. Prolonged intrauterine hypoxia 
may result in inadequate perfusion of the periventricular white matter, 
resulting in PVL. Pulmonary arteriole smooth muscle hyperplasia may 

develop, which predisposes the infant to pulmonary hypertension (see 
Chapter 130). If fetal distress produces gasping, amniotic fluid contents 
(i.e., meconium, desquamation products, lanugo) may be aspirated 
into the trachea or lungs with subsequent complications, including 
pulmonary hypertension and pneumothoraces. 

CLINICAL MANIFESTATIONS
At delivery, the presence of meconium-stained amniotic fluid indicates 
that fetal distress may have occurred. At birth, affected infants may 
have neurologic impairment and may fail to breathe spontaneously. 
Pallor, cyanosis, apnea, a slow heart rate, and unresponsiveness to 
stimulation are also nonspecific initial signs of potential HIE. During 
the ensuing hours, infants may be hypotonic, may change from a hypo-
tonic to a hypertonic state, or their tone may appear normal (Tables 
122.7 and 122.8). Cerebral edema may develop during the next 24 
hours and result in profound brainstem depression. During this time, 
seizure activity may occur; seizures may be severe and refractory to 
standard doses of anticonvulsants. Although most often a result of the 
HIE, seizures in asphyxiated newborns may also be caused by vascular 
events (hemorrhage, arterial ischemic stroke, or sinus venous throm-
bosis), metabolic derangements (hypocalcemia, hypoglycemia), CNS 
infection, and cerebral dysgenesis or genetic disorders (nonketotic 
hyperglycinemia, vitamin-dependent epilepsies, channelopathies). 
Congenital conditions that result in neuromuscular weakness and poor 
respiratory effort may also result secondarily in neonatal hypoxic brain 
injury and seizure. Such conditions might include congenital myopa-
thies, congenital myotonic dystrophy, or spinal muscular atrophy.

In addition to CNS dysfunction, systemic organ dysfunction is 
noted in up to 80% of affected neonates. Myocardial dysfunction and 

Table 122.6    � Topography of Brain Injury in Term Infants with Hypoxic-Ischemic Encephalopathy and Clinical Correlates

AREA OF INJURY LOCATION OF INJURY CLINICAL CORRELATES LONG-TERM SEQUELAE

Selective neuronal necrosis Entire neuraxis, deep cortical area, 
brainstem and pontosubicular

	•	 �Stupor or coma
	•	 �Seizures
	•	 �Hypotonia
	•	 �Oculomotor abnormalities
	•	 �Suck/swallow abnormalities

	•	 �Cognitive delay
	•	 �Cerebral palsy
	•	 �Dystonia
	•	 �Seizure disorder
	•	 �Ataxia
	•	 �Bulbar and pseudobulbar palsy

Parasagittal injury Cortex and subcortical white 
matter

Parasagittal regions, especially 
posterior

	•	 �Proximal-limb weakness
	•	 �Upper extremities affected  

> lower extremities

	•	 �Spastic quadriparesis
	•	 �Cognitive delay
	•	 �Visual and auditory processing 

difficulty

Focal ischemic necrosis Cortex and subcortical white 
matter

Vascular injury (usually middle 
cerebral artery distribution)

	•	 �Unilateral findings
	•	 �Seizures common and typically 

focal

	•	 �Hemiparesis
	•	 �Seizures
	•	 �Cognitive delays

Periventricular injury Injury to motor tracts, especially 
lower extremity

	•	 �Bilateral and symmetric 
weakness in lower extremities

	•	 �More common in preterm 
infants

	•	 �Spastic diplegia

Adapted from Volpe JJ, ed. Neurology of the Newborn. 4th ed. Philadelphia: Saunders; 2001.

Table 122.7    � Poor Predictive Variables for Death/Disability 
After Hypoxic-Ischemic Encephalopathy

	•	 �Low (0-3) 10 min Apgar score
	•	 �Need for CPR in the delivery room
	•	 �Delayed onset (≥20 min) of spontaneous breathing
	•	 �Severe neurologic signs (coma, hypotonia, hypertonia)
	•	 �Seizures onset ≤12 hr or difficult to treat
	•	 �Severe, prolonged (∼7 days) EEG findings including burst suppression 

pattern
	•	 �Prominent MRI basal ganglia/thalamic lesions
	•	 �Oliguria/anuria >24 hr
	•	 �Abnormal neurologic exam ≥14 days

CPR, Cardiopulmonary resuscitation; EEG, electroencephalogram.
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A term newborn with HIE is lethargic, has reduced spontaneous activity, and has an abnormal
suck but is not comatose. Which stage in the table is most compatible?

A. Stage 2 moderate HIE

B. Stage 1 mild HIE

C. Stage 3 severe HIE

D. Normal newborn examination

E. No neurologic stage can be assigned

Original table 122.8  |  Nelson printed p. 1064  |  PDF p. 1075
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cardiogenic shock, persistent pulmonary hypertension, RDS, gastro-
intestinal perforation, and acute kidney and liver injury are associated 
with perinatal asphyxia secondary to inadequate perfusion (see Table 
122.5).

The severity of neonatal encephalopathy depends on the duration and 
timing of injury. The need to define severity is rooted in the need to deter-
mine eligibility for therapeutic hypothermia, a treatment that decreases 
death and disability in moderate to severe HIE. A clinical grading score first 
proposed by Sarnat and colleagues continues to be a useful tool. Symptoms 
develop over hours and days, making it important to perform serial neu-
rologic examinations (see Tables 122.7 and 122.8). Infants with moderate 
to severe HIE are characterized by disturbed neurologic function, altered 
level of consciousness, depressed tone, abnormal reflexes, and difficulty 
maintaining spontaneous respirations, and seizures. An empirically vali-
dated definition of mild HIE within 6 hours uses two steps: the first step 
is screening for fetal acidosis and acute perinatal events, and the second 
step has an examiner use a modified Sarnat scoring, which is expanded to 
include mild in addition to moderate and severe abnormalities. 

DIAGNOSIS
MRI is the most sensitive imaging modality for detecting hypoxic 
brain injury in the neonate. Although such injury can be detected at 
various times and with varying pulse sequences, diffusion-weighted 
sequences obtained in the first 3-5 days following a presumed senti-
nel event are optimal for identifying acute injury (Figs. 122.6-122.9 
and Table 122.9). Severe HIE is characterized on MRI by a central 
pattern injury that includes the thalamus, posterior limb of the inter-
nal capsule, and hippocampus with the most severe HIE resulting in 
involvement of the entire cortex. Magnetic resonance spectroscopy 
performed within first 24 hours after birth in a full-term infant is 
very sensitive to the severity of HIE-related brain injury. Elevated 
lactate/creatine ratio on day 1 of life is a predictor of adverse neuro-
logic outcome, whereas absence of lactate predicts a normal outcome. 
Where MRI is unavailable or prevented by clinical instability, brain 
CT scans may be helpful in ruling out focal hemorrhagic lesions or 

large arterial ischemic strokes. Loss of gray-white differentiation and 
injury to the basal ganglia in more severe HIE can be detected on 
CT by experienced readers, but CT often misses more subtle forms 
of neonatal hypoxic brain injury and results in significant radiation 
exposure. Ultrasound has limited utility in evaluation of hypoxic 
injury in the term infant, but it too can be useful for excluding hem-
orrhagic lesions or hydrocephalus. Because of factors of size and clin-
ical stability, ultrasound is the initial preferred (and sometimes only 
feasible) modality in evaluation of the preterm infant.

Table 122.8    � Hypoxic-Ischemic Encephalopathy in Term Infants

SIGNS STAGE 1 (MILD) STAGE 2 (MODERATE) STAGE 3 (SEVERE)

Level of consciousness Hyperalert, responds to minimal 
stimuli

Lethargic Stuporous, coma

Spontaneous activity Normal or decreased Decreased None

Posture Mild flexion of distal joints 
(fingers, wrist)

Distal flexion or complete extension Decerebrated

Tone Normal Hypotonia (focal or general) or 
hypertonia

Flaccid or rigid

PRIMITIVE REFLEXES 1 2 3

Suck Weak or incomplete Weak or bite Absent

Moro reflex Intact, low threshold Incomplete Absent

AUTONOMIC NERVOUS SYSTEM 1 2 3

Pupils Mydriasis Miosis Variable or nonreactive

Heart rate Tachycardia Bradycardia Variable heart rate

Respirations Hyperventilation Periodic breathing Apnea or requiring ventilation

Seizures None Common Decerebration

Electroencephalographic findings Normal Low voltage changing to seizure 
activity

Burst suppression to isoelectric

Duration <24 hr if progresses; otherwise, 
may remain normal

24 hr to 14 days Days to weeks

Outcome Good Variable Death, severe deficits

Adapted from Chalak L, Latremouille S, Mir I, Sánchez PJ, Sant’Anna G. A review of the conundrum of mild hypoxic-ischemic encephalopathy: current challenges and moving 
forward. Early Hum Dev. 2018;120:88–94.

A B

Fig. 122.6  MR images of selective neuronal injury. The infant experi-
enced intrapartum asphyxia and had seizures on the first postnatal day. 
MRI was performed on the fifth postnatal day. A, Axial, fluid-attenuated, 
inversion recovery image shows increased signal in the putamen bi-
laterally (arrows) but no definite abnormality in the cerebral cortex. B, 
By contrast, a diffusion-weighted image shows striking increased signal 
intensity (i.e., decreased diffusion) in the frontal cortex (in addition to a 
more pronounced basal ganglia abnormality). (From Volpe JJ, ed. Neu-
rology of the Newborn. 5th ed. Philadelphia: Saunders; 2008. p. 420.)
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A term neonate with suspected HIE has abnormal basal-ganglia and thalamic signal on brain
MRI. Which diagnostic value of MRI is illustrated?

A. Defining the location and extent of hypoxic-ischemic injury

B. Proving a congenital metabolic disorder in every case

C. Replacing all neurologic examination

D. Excluding HIE when any deep gray lesion exists

E. Assessing only pulmonary circulation

Original table 122.9  |  Nelson printed p. 1066  |  PDF p. 1077
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who do not meet the original study criteria, although debate for these 
practices also exist. A multicenter randomized clinical trial investi-
gating the benefit of use of therapeutic hypothermia beyond 6 hours 
after birth reported a modest and “nonconclusive” effect. Importantly, 
this study extended the duration of hypothermia from 72 to 96 hours 
based on preclinical data suggesting that a longer period of treatment 
was needed at later initiation times. Assessment of deeper or longer 
cooling failed to show benefit in short-term outcomes, and its use is 

not supported by evidence nor clinically justifiable. Multicenter clini-
cal trials are underway to assess the use of therapeutic hypothermia 
in preterm infants born between 33 and 35 weeks’ gestation. The term 
“major congenital anomalies” in the original trials lead to the exclu-
sion of numerous conditions with a favorable prognosis for survival 
and neurodevelopment, including trisomy 21. Unless the identified 
anomaly specifically imparts a medical contraindication to therapeu-
tic hypothermia, the infant is moribund, or treatment does not align 
with the broader goals of care for the infant, categorical exclusion of 
the infant from therapeutic hypothermia solely based on the pres-
ence of one or more major congenital anomalies is likely not ethically 
justifiable. There have been few studies to investigate the use of thera-
peutic hypothermia in neonates who are beyond the perinatal period. 
Presently, clinical research on “targeted temperature management” in 
infants has been done in the pediatric intensive care setting and has 
little applicability to NICUs.

Complications of induced hypothermia include thrombocytope-
nia (usually without bleeding), reduced heart rate, and subcutaneous 
fat necrosis (sometimes with associated hypercalcemia) as well as the 
potential for overcooling and the cold injury syndrome. The latter is 
usually avoided with a servo-controlled cooling system. Therapeutic 
hypothermia may theoretically alter drug metabolism, prolong the QT 
interval, and affect the interpretation of blood gases. In clinical prac-
tice, these concerns have not been observed.

For treating seizures associated with HIE, phenobarbital continues 
to be used in many instances. It is typically given by intravenous load-
ing dose (20 mg/kg). Additional doses of 5-10 mg/kg (up to 40-50 
mg/kg total) may be needed. Phenobarbital levels should be moni-
tored 24 hours after the loading dose has been given and maintenance 
therapy (5 mg/kg/24 hr) begun. Therapeutic phenobarbital levels are 
20-40 μg/mL.

Fig. 122.9  MR images of focal is-
chemic cerebral injury. MRI was per-
formed on the third postnatal day. A, 
Axial T2 weighted image shows a le-
sion in the distribution of the main 
branch of the left middle cerebral 
artery. B, Diffusion-weighted image 
demonstrates the lesion more strik-
ingly. (From Volpe JJ, ed. Neurology 
of the Newborn. 5th ed. Philadelphia: 
Saunders; 2008. p. 422.)
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Fig. 122.10  Amplitude EEG patterns. Patterns are highlighted with 
pattern classification (continuous normal voltage [CNV], discontinu-
ous normal voltage [DNV], burst suppression [BS], low voltage [LV], flat 
tracings [FT]). (From Chalak L. New horizons in mild hypoxic-ischemic 
encephalopathy: A standardized algorithm to move past conundrum of 
care. Clin Perinatol. 2022;49:279–294. Fig. 3.)

Table 122.9    � Major Aspects of MRI in Diagnosis of 
Hypoxic-Ischemic Encephalopathy in the 
Term Infant

MAJOR CONVENTIONAL MR FINDINGS IN FIRST WEEK
	•	 �Cerebral cortical gray-white differentiation lost (on T1W or T2W)
	•	 �Cerebral cortical high signal (T1W and FLAIR), especially in 

parasagittal peri-rolandic cortex
	•	 �Basal ganglia/thalamus, high signal (T1W and FLAIR), usually 

associated with the cerebral cortical changes but possibly alone 
with increased signal in brainstem tegmentum in cases of acute 
severe insult

	•	 �Parasagittal cerebral cortex, subcortical white matter, high signal 
(T1W and FLAIR)

	•	 �Periventricular white matter, decreased signal (T1W) or increased 
signal (T2W)

	•	 �Posterior limb of internal capsule, decreased signal (T1W or 
FLAIR)

	•	 �Cerebrum in a vascular distribution, decreased signal (T1W), but 
much better visualized as decreased diffusion (increased signal) 
on diffusion-weighted MRI

	•	 �Diffusion-weighted MRI more sensitive than conventional sequences 
in MRI, especially in first days after birth, when former shows 
decreased diffusion (increased signal) in injured areas

FLAIR, Fluid-attenuated inversion recovery; T1W and T2W, T1 weighted and T2 
weighted images.

From Volpe JJ, ed. Neurology of the Newborn. 5th ed. Philadelphia: Elsevier; 2008: 
Table 9-16.

Table 122.10    � Value of Electroencephalography in  
Assessment of Asphyxiated Term Infants

	•	 �Detection of severe abnormalities (i.e., CLV, FT, BSP) in first hours 
of life has a positive predictive value of an unfavorable outcome 
of 80–90%.

	•	 �Severe abnormalities may improve within 24 hr (∼50% of BSP and 
10% of CLV/FT).

	•	 �Rapid recovery of severe abnormalities is associated with a 
favorable outcome in 60% of cases.

	•	 �The combination of early neonatal neurologic examination and 
early aEEG enhances the positive predictive value and specificity.

aEEG, Amplitude integrated encephalography; BSP, burst suppression pattern; CLV, 
continuous low voltage; FT, flat trace.

From Inder TE, Volpe JJ. Hypoxic-ischemic injury in the term infant: clinical-neurological 
features, diagnosis, imaging, prognosis, therapy. In: Volpe JJ, Inder TE, Darras BT, et al., 
eds. Volpe’s Neurology of the Newborn. 6th ed. Philadelphia: Elsevier; 2018: Table 
20-28.
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An asphyxiated term infant undergoes early EEG evaluation. Why does the table recommend
interpreting the tracing together with clinical examination and its evolution?

A. Early severe patterns can improve, and recovery affects prognosis

B. A single EEG pattern guarantees the final outcome

C. EEG has no value after birth

D. Clinical examination is never informative

E. Improvement of background is invariably harmful

Original table 122.10  |  Nelson printed p. 1066  |  PDF p. 1077
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who do not meet the original study criteria, although debate for these 
practices also exist. A multicenter randomized clinical trial investi-
gating the benefit of use of therapeutic hypothermia beyond 6 hours 
after birth reported a modest and “nonconclusive” effect. Importantly, 
this study extended the duration of hypothermia from 72 to 96 hours 
based on preclinical data suggesting that a longer period of treatment 
was needed at later initiation times. Assessment of deeper or longer 
cooling failed to show benefit in short-term outcomes, and its use is 

not supported by evidence nor clinically justifiable. Multicenter clini-
cal trials are underway to assess the use of therapeutic hypothermia 
in preterm infants born between 33 and 35 weeks’ gestation. The term 
“major congenital anomalies” in the original trials lead to the exclu-
sion of numerous conditions with a favorable prognosis for survival 
and neurodevelopment, including trisomy 21. Unless the identified 
anomaly specifically imparts a medical contraindication to therapeu-
tic hypothermia, the infant is moribund, or treatment does not align 
with the broader goals of care for the infant, categorical exclusion of 
the infant from therapeutic hypothermia solely based on the pres-
ence of one or more major congenital anomalies is likely not ethically 
justifiable. There have been few studies to investigate the use of thera-
peutic hypothermia in neonates who are beyond the perinatal period. 
Presently, clinical research on “targeted temperature management” in 
infants has been done in the pediatric intensive care setting and has 
little applicability to NICUs.

Complications of induced hypothermia include thrombocytope-
nia (usually without bleeding), reduced heart rate, and subcutaneous 
fat necrosis (sometimes with associated hypercalcemia) as well as the 
potential for overcooling and the cold injury syndrome. The latter is 
usually avoided with a servo-controlled cooling system. Therapeutic 
hypothermia may theoretically alter drug metabolism, prolong the QT 
interval, and affect the interpretation of blood gases. In clinical prac-
tice, these concerns have not been observed.

For treating seizures associated with HIE, phenobarbital continues 
to be used in many instances. It is typically given by intravenous load-
ing dose (20 mg/kg). Additional doses of 5-10 mg/kg (up to 40-50 
mg/kg total) may be needed. Phenobarbital levels should be moni-
tored 24 hours after the loading dose has been given and maintenance 
therapy (5 mg/kg/24 hr) begun. Therapeutic phenobarbital levels are 
20-40 μg/mL.

Fig. 122.9  MR images of focal is-
chemic cerebral injury. MRI was per-
formed on the third postnatal day. A, 
Axial T2 weighted image shows a le-
sion in the distribution of the main 
branch of the left middle cerebral 
artery. B, Diffusion-weighted image 
demonstrates the lesion more strik-
ingly. (From Volpe JJ, ed. Neurology 
of the Newborn. 5th ed. Philadelphia: 
Saunders; 2008. p. 422.)
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Fig. 122.10  Amplitude EEG patterns. Patterns are highlighted with 
pattern classification (continuous normal voltage [CNV], discontinu-
ous normal voltage [DNV], burst suppression [BS], low voltage [LV], flat 
tracings [FT]). (From Chalak L. New horizons in mild hypoxic-ischemic 
encephalopathy: A standardized algorithm to move past conundrum of 
care. Clin Perinatol. 2022;49:279–294. Fig. 3.)

Table 122.9    � Major Aspects of MRI in Diagnosis of 
Hypoxic-Ischemic Encephalopathy in the 
Term Infant

MAJOR CONVENTIONAL MR FINDINGS IN FIRST WEEK
	•	 �Cerebral cortical gray-white differentiation lost (on T1W or T2W)
	•	 �Cerebral cortical high signal (T1W and FLAIR), especially in 

parasagittal peri-rolandic cortex
	•	 �Basal ganglia/thalamus, high signal (T1W and FLAIR), usually 

associated with the cerebral cortical changes but possibly alone 
with increased signal in brainstem tegmentum in cases of acute 
severe insult

	•	 �Parasagittal cerebral cortex, subcortical white matter, high signal 
(T1W and FLAIR)

	•	 �Periventricular white matter, decreased signal (T1W) or increased 
signal (T2W)

	•	 �Posterior limb of internal capsule, decreased signal (T1W or 
FLAIR)

	•	 �Cerebrum in a vascular distribution, decreased signal (T1W), but 
much better visualized as decreased diffusion (increased signal) 
on diffusion-weighted MRI

	•	 �Diffusion-weighted MRI more sensitive than conventional sequences 
in MRI, especially in first days after birth, when former shows 
decreased diffusion (increased signal) in injured areas

FLAIR, Fluid-attenuated inversion recovery; T1W and T2W, T1 weighted and T2 
weighted images.

From Volpe JJ, ed. Neurology of the Newborn. 5th ed. Philadelphia: Elsevier; 2008: 
Table 9-16.

Table 122.10    � Value of Electroencephalography in  
Assessment of Asphyxiated Term Infants

	•	 �Detection of severe abnormalities (i.e., CLV, FT, BSP) in first hours 
of life has a positive predictive value of an unfavorable outcome 
of 80–90%.

	•	 �Severe abnormalities may improve within 24 hr (∼50% of BSP and 
10% of CLV/FT).

	•	 �Rapid recovery of severe abnormalities is associated with a 
favorable outcome in 60% of cases.

	•	 �The combination of early neonatal neurologic examination and 
early aEEG enhances the positive predictive value and specificity.

aEEG, Amplitude integrated encephalography; BSP, burst suppression pattern; CLV, 
continuous low voltage; FT, flat trace.

From Inder TE, Volpe JJ. Hypoxic-ischemic injury in the term infant: clinical-neurological 
features, diagnosis, imaging, prognosis, therapy. In: Volpe JJ, Inder TE, Darras BT, et al., 
eds. Volpe’s Neurology of the Newborn. 6th ed. Philadelphia: Elsevier; 2018: Table 
20-28.
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A term infant with HIE has an EEG background that normalizes by day 7. Which prognostic
association is listed?

A. More favorable outcome

B. Unfavorable outcome by definition

C. A diagnosis of congenital deafness

D. An obligatory brain hemorrhage

E. No association with recovery
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For refractory seizures, there is a high degree of variability regarding 
choice of a second agent. Historically, phenytoin (20 mg/kg loading 
dose) or lorazepam (0.1 mg/kg) have been preferred, but currently the 
use of levetiracetam is preferred (at times even as a first-line agent) 
as a second-line agent. Pharmacokinetic data suggest that due to the 
higher volume of distribution created by higher relative body water 
content in neonates, loading doses should be higher than in older chil-
dren or adults. Suggested appropriate loading doses may be closer to 60 
mg/kg. In addition to levetiracetam and phenytoin, other second- or 
third-line agents commonly used include midazolam, topiramate, and 
lidocaine. Pyridoxine should also be attempted, particularly in ongo-
ing refractory seizures with highly abnormal EEG background. Status 
epilepticus, multifocal seizures, and need for multiple anticonvulsant 
medications during therapeutic hypothermia are associated with a 
poor prognosis.

Additional therapy for infants with HIE includes supportive care 
directed at management of organ system dysfunction. Hyperthermia 
has been associated with impaired neurodevelopment and should 
be prevented, particularly in the interval between initial resuscita-
tion and initiation of hypothermia. Careful attention to ventilatory 
status and adequate oxygenation, blood pressure, hemodynamic 
status, acid-base balance, and possible infection is important. Sec-
ondary hypoxia or hypotension from complications of HIE must 
be prevented. Aggressive treatment of seizures is critical and may 
necessitate continuous EEG monitoring. In addition, hyperoxia, 
hypocarbia, and hypoglycemia are associated with poor outcomes, 
so careful attention to resuscitation, ventilation, and blood glucose 
homeostasis is essential. 

PROGNOSIS
The outcome of HIE ranges from complete recovery to death. The 
prognosis varies depending on the severity of the insult and the treat-
ment. Infants with initial cord or initial (∼1 hour of age) blood pH 
<6.7 have a 90% risk for death or severe neurodevelopmental impair-
ment at 18 months of age. In addition, infants with Apgar scores of 0-3 
at 5 minutes, high base deficit (>20-25 mmol/L), decerebrate posture, 
severe basal ganglia/thalamic (BG/T) lesions (Fig. 122.11; see also Fig. 
122.7), persistence of severe HIE by clinical examination at 72 hours, 
and lack of spontaneous activity are also at increased risk for death or 
impairment. These predictor variables can be combined to determine 
a score that helps with prognosis (see Table 122.7). Infants with the 

highest risk are likely to die or have severe disability despite aggres-
sive treatment, including hypothermia. Those with intermediate scores 
are likely to benefit from treatment. In general, severe encephalopa-
thy, characterized by flaccid coma, apnea, absence of oculocephalic 
reflexes, and refractory seizures, is associated with a poor prognosis 
(see Table 122.8). Apgar scores alone in patients with HIE can also be 
associated with subsequent risk of neurodevelopmental impairment. 
At 10 minutes, each point decrease in Apgar score increases odds of 
death or disability by 45%. Death or disability occurs in 76–82% of 
infants with HIE with Apgar scores of 0-2 at 10 minutes. Absence of 
spontaneous respirations at 20 minutes of age and persistence of abnor-
mal neurologic signs at 2 weeks of age also predict death or severe cog-
nitive and motor deficits.

The combined use of early multichannel EEG or aEEG and MRI 
offers additional insight in predicting outcome in term infants with 
HIE (see Table 122.11). EEG or aEEG background characteristics such 
as pattern, voltage, reactivity, state change, and evolution after acute 
injury are important predictors of outcome. MRI markers include loca-
tion of injury, identification of injury by certain pulse sequences, mea-
surement of diffusivity and/or fractional anisotropy, and presence of 
abnormal metabolite ratios on MR spectroscopy, and all have shown 

Table 122.11    � Electroencephalographic Patterns of 
Prognostic Significance in Asphyxiated 
Term Infants*

ASSOCIATED WITH FAVORABLE OUTCOME
Mild depression (or less) on day 1
Normal background by day 7

ASSOCIATED WITH UNFAVORABLE OUTCOME
Predominant interburst interval >20 sec on any day
Burst suppression pattern on any day
Isoelectric tracing on any day
Mild (or greater) depression after day 12

*Associations with favorable or unfavorable outcome are generally ≥90%, but the 
clinical context must be considered.

From Inder TE, Volpe JJ. Hypoxic-ischemic injury in the term infant: clinical-neurological 
features, diagnosis, imaging, prognosis, therapy. In: Volpe JJ, Inder TE, Darras BT, et al., 
eds. Volpe’s Neurology of the Newborn. 6th ed. Philadelphia: Elsevier; 2018: Table 
20-26.

Severe BG/T

Look at the cortex

Look at the pons

Normal: 35%
Moderate: 50%
Severe: 90%

90% will have some
feeding problems.

Gastrostomy

95% will have some
speech problems,
severe in most

50%–75% will have some
grade of visual
impairment, especially
with moderate-severe
white matter and
brain stem injury

Children are in
general difficult to
assess because
of their motor
impairment at this
age

Normal: 25%–30%
Mild: 45%–50%
Moderate: 60%
Severe: 75%

Cerebral palsy 98%
Mostly severe (95%)

Feeding Speech and language Vision DQ Seizures

Fig. 122.11  Flow chart showing patterns of outcome with severe basal ganglia/thalamic (BG/T) injury. DQ, Developmental quotient. (From 
Martinez-Biarge M, Diez-Sebastian J, Rutherford MA, Cowan FM. Outcomes after central grey matter injury in term perinatal hypoxic-ischaemic 
encephalopathy. Early Hum Dev. 2010;86:675–682.)
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A preterm infant develops apnea and bradycardia with new temperature instability. Which
category in the apnea differential warrants immediate investigation?

A. Infection such as sepsis or pneumonia

B. Normal developmental language variation

C. Isolated myopia

D. Routine dental eruption

E. Simple familial tall stature
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Apnea is a prolonged cessation of respiration and must be distin-
guished from periodic breathing because apnea is often associated 
with serious illness. Although there is no universal agreement, apnea 
is usually defined as cessation of breathing for a period of ≥20 sec-
onds, or a period <20 seconds that is associated with a change in 
tone, pallor, cyanosis, or bradycardia (<80-100 beats/min). Based 
on the absence of respiratory effort and/or airflow, apnea can be 
obstructive, central, or mixed. Obstructive apnea is characterized 
by absence of airflow but persistent chest wall motion. Pharyngeal 
collapse may follow the negative airway pressures generated during 
inspiration, or it may result from incoordination of the tongue and 
other upper airway muscles involved in maintaining airway patency. 
Central apnea is caused by decreased central nervous system (CNS) 
stimuli to respiratory muscles and results in both airflow and chest 
wall motion being absent. Gestational age (GA) is the most impor-
tant determinant of respiratory control, with the frequency of central 
apnea being inversely related to GA. The immaturity of the brainstem 
respiratory centers is manifest by an attenuated response to CO2 and 
a paradoxical response to hypoxia that results in central apnea rather 
than hyperventilation. Mixed apnea is most often observed in apnea 
of prematurity with obstructive apnea preceding central apnea. Short 
episodes of apnea are usually central, whereas prolonged ones are 
often mixed.

OBSTRUCTIVE APNEA
Obstructive apnea derives from interrupted upper airway flow. Causes 
of obstructive apnea can largely be divided into anatomic abnormali-
ties and neuromuscular abnormalities.

Craniofacial disorders are a common cause of obstructive apnea of 
the newborn. Micrognathia, retrognathia, or Pierre Robin sequence all 
cause upper airway obstruction due to backward dislodgement of the 
tongue into the airway. This obstruction may be improved by prone 
positioning of the neonate. Although cleft lip and palate are not always 
associated with obstructive apnea, infants with these conditions are 
at risk for apnea related to abnormal narrowing of the upper airway 
structures. Additional anatomic abnormalities that can contribute to 
obstructive apnea include narrowing or occlusion of the nasal passages 
(i.e., choanal atresia) or narrowing of the airways (i.e., laryngomala-
cia). Many causes of anatomic obstruction are syndromic and include 
skeletal dysplasia, VACTERL association, Joubert syndrome, CHARGE 
syndrome, DiGeorge syndrome, and Stickler syndrome.

Neuromuscular weakness can contribute to obstructive apnea via 
airway collapse in the setting of low tone. Additionally, respiratory 
muscle weakness may impede the infant from overcoming normal air-
way resistance. 

CENTRAL APNEA
Central apnea has a wide range of etiologies and should always 
lead to a diagnostic evaluation as it can often be an early warning 
sign of clinical decompensation. Table 125.1 provides a framework 
for the disease processes that can contribute to apnea. Infection or 
metabolic derangements should always be considered as an etiology 
for infants with new or worsening apnea. Abnormal CNS control 
of breathing can be related to prematurity, but other CNS abnor-
malities including injury or malformation can contribute to central 
apnea. Congenital central hypoventilation syndrome is a rare per-
manent genetic cause of central apnea that begins in the neonatal 
period (see Chapter 468.2). 

APNEA OF PREMATURITY
Apnea in preterm infants is defined as cessation of breathing for ≥20 
seconds or for any duration if accompanied by cyanosis and brady-
cardia (<80-100 beats/min). The incidence of associated bradycardia 
increases with the length of the preceding apnea and correlates with 
the severity of hypoxia. Short apnea episodes (10 seconds) are rarely 
associated with bradycardia, whereas longer episodes (>20 seconds) 
have a higher incidence of bradycardia. Bradycardia follows the apnea 
by 1-2 seconds in >95% of cases and is most often sinus. Vagal 
responses and rarely heart block are causes of bradycardia without 
apnea. Short, self-resolving oxygen desaturation episodes noted with 
continuous monitoring are normal in neonates, and treatment is not 
necessary.

Apnea of prematurity results from immature respiratory control, 
most frequently occurs in infants <34 weeks of GA, and occurs in the 
absence of identifiable predisposing diseases. The incidence of apnea of 
prematurity varies inversely with GA. Apnea of prematurity is almost 
universal in infants born at <28 weeks of GA, and the incidence rap-
idly decreases from 85% of infants <30 weeks of GA to 20% of infants 
<34 weeks of GA. The onset of apnea of prematurity can be during the 
initial days to weeks of age but is often delayed if there is respiratory 
distress syndrome (RDS) or other causes of respiratory distress. In pre-
mature infants without respiratory disease, apneic episodes can occur 
throughout the first 7 postnatal days with equal frequency. In infants 
with apnea of prematurity, the events decline significantly by 34 weeks 
corrected GA. Resolution may be delayed in infants with bronchopul-
monary dysplasia (see Chapter 127) because of poorer reserves and an 
increased incidence of subglottic stenosis, laryngomalacia, or tracheo-
malacia, which can contribute to obstructive apneas.

Chapter 125

Apnea
Alicia J. Sprecher, Krishna K. Acharya, and 
Susan S. Cohen

Table 125.1    � Potential Causes of Neonatal Apnea and 
Bradycardia

Central nervous system Intraventricular hemorrhage, 
drugs, seizures, hypoxic injury, 
herniation, neuromuscular  
disorders, Leigh syndrome,  
brainstem infarction or anomalies 
(e.g., olivopontocerebellar  
atrophy), transient following 
general anesthesia, congenital 
central hypoventilation  
syndrome

Respiratory Pneumonia, obstructive airway 
lesions, upper airway collapse, 
atelectasis, extreme prematurity, 
laryngeal reflex, phrenic nerve 
paralysis, pneumothorax,  
paradoxical response to  
hypoxia

Infectious Sepsis, meningitis (bacterial, fungal, 
viral), respiratory syncytial virus, 
pertussis

Gastrointestinal Oral feeding, bowel movement, 
necrotizing enterocolitis,  
intestinal perforation

Metabolic ↓ Glucose, ↓ calcium, ↓/↑ sodium,  
↑ ammonia, ↑ organic acids,  
↑ ambient temperature,  
hypothermia

Cardiovascular Hypotension, hypertension, heart 
failure, anemia, hypovolemia, 
vagal tone

Other Immaturity of respiratory center 
(prematurity); sleep state;  
sudden unexpected postnatal 
collapse
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A term neonate with meconium aspiration has hypoxemia and elevated pulmonary vascular
resistance. Which PPHN mechanism in the table is most consistent?

A. Maladaptation with reactive pulmonary vasoconstriction

B. Only a fixed congenital absence of all pulmonary vessels

C. An isolated renal tubular defect

D. A normal fall in resistance after birth

E. A primary intestinal obstruction

Original table 130.1  |  Nelson printed p. 1092  |  PDF p. 1103
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Hypoxemia is often labile and out of proportion to the findings on 
chest radiographs. In PPHN due to asphyxia and idiopathic PPHN, 
chest x-ray findings are often normal, whereas in PPHN associated 
with pneumonia and diaphragmatic hernia, parenchymal opacification 
and bowel/liver in the chest, respectively, are seen. 

DIAGNOSIS
Independent of the prenatal history, PPHN should be suspected in all 
term infants who have cyanosis. Hypoxemia is universal and inter-
mittently unresponsive to 100% O2 given by oxygen hood or nasal 

cannula. A Pao2 or Sao2 gradient between a preductal (right radial 
artery) and a postductal (umbilical artery) site of blood sampling sug-
gests right-to-left shunting through the ductus arteriosus. Intracardiac 
shunting through the patent foramen ovale does not lead to a Pao2 or 
Sao2 gradient.

Real-time echocardiography combined with Doppler flow imaging 
is very helpful in evaluating PPHN. Systolic flattening of the interven-
tricular septum as the right ventricular systolic pressure approaches 
the left ventricular systolic pressure can be used to estimate the degree 
of pulmonary hypertension. The peak velocity of the tricuspid valve 
regurgitation jet, when present, yields a quantitative estimate of the 
right ventricular systolic pressure. Likewise, the direction and velocity 
of a shunt across the PDA provides a quantitative comparison between 
the aortic and pulmonary artery pressures. In advanced cases, right-to-
left or bidirectional shunting across a PDA and a patent foramen ovale 
can be observed.

The differential diagnosis of PPHN includes cyanotic heart disease 
(especially obstructed TAPVR), idiopathic pulmonary vein stenosis, 
congenital surfactant (protein) deficiency syndromes, pulmonary artery 
thrombosis, and congenital diffuse development disorders of acinar lung 
development (acinar dysplasia, congenital alveolar dysplasia, and alveo-
lar capillary dysplasia with misalignment of the pulmonary veins).

Alveolocapillary dysplasia (ACD) is a rare, lethal autosomal reces-
sive disorder of distal lung development characterized by immature 
lobular development and reduced capillary density. Infants with ACD 

Hypoxia,
hypercarbia,

acidosis

↑ right to left shunting
at PDA and FO

↑ PVR   
   SVR ↓

Pulmonary Vascular
(structural changes; 
altered reactivity to 
dilator and constrictor 
stimuli)

Lung
↓ lung volume
↓ compliance
↑ intrapulmonary shunt

Heart
(RV pressure 
overload, 
hypotension, and 
LV dysfunction)

Fig. 130.1  Cardiopulmonary interactions in persistent pulmonary hy-
pertension of the newborn (PPHN). FO, Foramen ovale; LV, left ventri-
cle; PDA, patent ductus arteriosus; PVR, pulmonary vascular resistance; 
RV, right ventricle; SVR, systemic vascular resistance. (From Kinsella JP, 
Abman SH. Recent developments in the pathophysiology and treat-
ment of persistent pulmonary hypertension of the newborn. J Pediatr. 
1995;126:853–864.)

Restrictive ductus or right heart
failure, consider PGE1 IV

Initial stabilization
Oxygen

CPAP/mechanical ventilation
HFV if parenchymal lung disease

Early surfactant administration
iNO if OI >15 despite optimizing ventilation (1st line)

If severe PPHN (OI >25)
Consider adjuvant therapies (2nd line)

• Iloprost inhaled (immediate onset, short lasting)
• If response, Treprostinil (subQ/IV)

• If no response, Sildenafil oral/IV (onset of action 6-12h)
Optimize BP with fluids, vasopressors, steroids

Bosentan oral (3rd line)
(slow onset, unreliable absorption)

OI >40 on serial ABGs or significant
cardiovascular instability

ECMO

Decreased myocardial function,
add milrinone IV

Fig. 130.2  Algorithm for the suggested approach and timing of 
interventions for the management of hypoxic respiratory failure 
(HRF)/persistent pulmonary hypertension of the newborn (PPHN). It is 
important to consider cardiopulmonary system to be one fully integrat-
ed unit and optimize lung recruitment, pulmonary vasodilation, and car-
diac function to facilitate successful transition. The algorithm focuses on 
vasodilator agents and is not meant to be inclusive of all therapies used 
in the management of PPHN. ABG, Arterial blood gas; BP, blood pres-
sure; CPAP, continuous positive airway pressure; ECMO, extracorporeal 
membrane oxygenation; HFV, high-frequency ventilation; iNO, inhaled 
nitric oxide; IV, intravenous; OI, oxygenation index; PGE1, prostaglan-
din E1; subQ, subcutaneous. (From Sharma M, Callan E, Konduri GG. 
Pulmonary vasodilator therapy in persistent pulmonary hypertension of 
the newborn. Clin Perinatol. 2022;49:103–105, Fig. 3.)

Table 130.1    � Etiology of Persistent Pulmonary  
Hypertension of the Newborn in Neonates

Maladaptation of pulmonary vasculature (abnormal, “reactive” 
pulmonary vasoconstriction)
	•	 �Parenchymal lung diseases, such as meconium aspiration  

syndrome (MAS), respiratory distress syndrome (RDS), and  
pneumonia

	•	 �In response to systemic disorders, such as hypothermia, sepsis, 
fetal hypoxia/distress, hypercapnia, acidosis, and hyperviscosity

	•	 �Toxic/pharmacologic exposure in utero (maternal selective  
serotonin reuptake inhibitor (SSRI) use)

Maldevelopment of pulmonary vasculature (remodeling of  
pulmonary vasculature)
	•	 �In utero closure of ductus arteriosus (maternal cyclooxygenase 

inhibitor use)
	•	 �Sustained pulmonary over circulation in congenital heart disease 

with large left-to-right shunts
	•	 �Intrauterine growth restriction
	•	 �Genetic/chromosomal anomalies (trisomy 21, alveolar-capillary 

dysplasia, surfactant protein deficiency)
Underdevelopment of pulmonary vasculature (hypoplastic  

pulmonary vessels; ↓ cross-sectional area)
	•	 �Congenital diaphragmatic hernia
	•	 �Pulmonary hypoplasia (premature prolonged rupture of  

membranes, oligohydramnios and anhydramnios, space-
occupying lesions in the chest).

From Sharma M, Callan E, Konduri GG. Pulmonary vasodilator therapy in persistent 
pulmonary hypertension of the newborn. Clin Perinatol. 2022;49:103–105. Box 1.
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A preterm infant develops feeding intolerance, abdominal distension, bloody stool, and new
apnea. Which condition is supported by the combined gastrointestinal and systemic signs in
the table?

A. Necrotizing enterocolitis

B. Uncomplicated physiologic reflux

C. Isolated congenital cataract

D. Primary bronchiolitis alone

E. Normal feeding transition
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Fig. 136.4  Necrotizing enterocolitis (NEC). Plain abdominal x-ray film 
of an infant with perforated NEC showing pneumoperitoneum. (From 
Tam PKH, Chung PHY, St Peter SD, et al. Advances in paediatric gastro-
enterology. Lancet. 2017;390:1072–1082. Fig. 4)

Fig. 136.2  Necrotizing enterocolitis (NEC). Kidney-ureter-bladder 
film demonstrates abdominal distention, hepatic portal venous gas (ar-
row), and a bubbly appearance of pneumatosis intestinalis (arrowhead; 
right lower quadrant). The latter two signs are thought to be pathogno-
monic for neonatal NEC.

Fig. 136.3  Intestinal perforation. Cross-table abdominal radiograph 
in patient with neonatal necrotizing enterocolitis demonstrates marked 
distention and massive pneumoperitoneum, as evidenced by the free 
air below the anterior abdominal wall.

Table 136.1    � Signs and Symptoms Associated with Necrotizing Enterocolitis

GASTROINTESTINAL
Abdominal distention
Abdominal tenderness
Feeding intolerance
Delayed gastric emptying
Emesis
Occult/gross blood in stool
Change in stool pattern/diarrhea
Abdominal mass
Erythema of abdominal wall

SYSTEMIC
Lethargy
Apnea/respiratory distress
Temperature instability
Acidosis (metabolic and/or respiratory)
Glucose instability
Poor perfusion/shock
Thrombocytopenia
Disseminated intravascular coagulopathy

From Kanto WP Jr, Hunter JE, Stoll BJ. Recognition and medical management of necrotizing enterocolitis. Clin Perinatol. 1994;21:335–346.

The differential diagnosis of NEC includes septic ileus, GI obstruc-
tion, volvulus, and isolated intestinal perforation. Idiopathic focal 
intestinal perforation can occur spontaneously or can be associated 
with the early use of postnatal corticosteroids and indomethacin. 
Pneumoperitoneum develops in such patients, but they are usually less 
ill than those with NEC. Occasional clusters of NEC cases have been 
attributed to viral infections, specifically norovirus, enterovirus, and 
rotavirus. Stool viral testing and infectious disease consultation should 
be considered when multiple cases occur together. 

TREATMENT
Rapid initiation of therapy is required for infants with suspected, as 
well as proven NEC. There is no specific treatment for established 
NEC, so therapy is directed at providing supportive care and pre-
venting further injury with cessation of feeding, nasogastric decom-
pression, and administration of intravenous fluids and antibiotics 
(see Fig. 136.1). Careful attention to the respiratory status, coagula-
tion profile, and acid-base and electrolyte balances are important. 
Ventilation should be assisted in the presence of apnea or if abdom-
inal distention is contributing to hypoxia and hypercapnia. Intra-
vascular volume replacement with crystalloid or blood products, 
cardiovascular support with fluid boluses and/or inotropes, and 
correction of hematologic, metabolic, and electrolyte abnormali-
ties are essential to stabilize the infant with NEC. Umbilical arterial 
catheters are reported to reduce blood flow in the mesenteric blood 
vessels and should be removed if they remain in place after a diag-
nosis of NEC. Maintaining reliable intravenous access for ongoing 
hemodynamic support and medication administration is critical.

Approximately 16% of definite NEC cases may be associated with 
bacteremia detected within 72 hours of its diagnosis, most frequently 
with a gram-negative organism. NEC with associated bacteremia has 
a higher risk for requiring surgical intervention and mortality. Once 
blood has been drawn for culture, systemic antibiotics (with broad 
coverage based on the antibiotic sensitivity patterns in the particular 
neonatal ICU) should be started immediately. The addition of anaero-
bic coverage with antibiotics such as metronidazole or clindamycin is 
variably practiced. Management of NEC with anaerobic coverage is 
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Answer key and teaching notes

001. B  |  Table 42.1  |  printed p. 278, PDF p. 323

Why: A pattern of angry/irritable and defiant behavior for at least 6 months involving someone other than a sibling supports ODD.

Closest distractor: Conduct disorder requires more serious violations of rights or societal norms.

002. A  |  Table 42.2  |  printed p. 278, PDF p. 323

Why: Disproportionate, impulsive, nonpremeditated aggressive outbursts fit intermittent explosive disorder.

Closest distractor: Conduct disorder is a persistent pattern violating the rights of others, potentially including planned behavior.

003. C  |  Table 42.3  |  printed p. 279, PDF p. 324

Why: Aggression, cruelty, and confrontational stealing are among the major violations listed under conduct disorder.

Closest distractor: ODD comprises defiance and irritability without this pattern of major rights violations.

004. C  |  Table 47.1  |  printed p. 285, PDF p. 331

Why: Brief psychotic disorder lasts at least 1 day but less than 1 month, followed by full return to baseline.

Closest distractor: Schizophreniform disorder requires an episode lasting at least 1 month.

005. B  |  Table 47.2  |  printed p. 286, PDF p. 332

Why: Schizophreniform disorder has psychotic features lasting at least 1 month but less than 6 months.

Closest distractor: Schizophrenia requires continuous signs of illness for at least 6 months.

006. C  |  Table 47.3  |  printed p. 286, PDF p. 332

Why: The table requires characteristic active psychotic symptoms, functional decline, and continuous disturbance for at least 6 months.

Closest distractor: Schizophreniform disorder is limited to an illness lasting under 6 months.

007. A  |  Table 47.4  |  printed p. 287, PDF p. 333

Why: The table lists autoimmune disorders including NMDA receptor encephalitis among secondary causes of psychosis.

Closest distractor: Academic stress alone does not explain new seizures with rapidly progressive psychosis.

008. B  |  Table 47.5  |  printed p. 288, PDF p. 334

Why: Acute onset, fever, dyskinesias, and fluctuating consciousness are red flags for secondary psychosis.

Closest distractor: Primary psychosis alone does not readily explain fluctuating consciousness with new neurologic signs.

009. A  |  Table 47.6  |  printed p. 288, PDF p. 334

Why: Rapidly progressive psychosis accompanied by unexplained seizures or movement disorder meets features raising possible autoimmune psychosis.

Closest distractor: A tic disorder cannot account for rapidly progressive psychosis and new seizures.

010. C  |  Table 47.7  |  printed p. 291, PDF p. 337

Why: The table requires a temporal relation to exposure and a substance/medication capable of causing the psychotic symptoms.

Closest distractor: Schizophrenia is less fitting when onset tracks a causative medication exposure.

011. A  |  Table 47.8  |  printed p. 291, PDF p. 337

Why: The criteria require prominent delusions or hallucinations with direct evidence of a medical pathophysiologic cause and exclusion of delirium.

Closest distractor: Delirium has a disturbance of attention and awareness, absent in this vignette.

012. B  |  Table 47.9  |  printed p. 292, PDF p. 338

Why: Stupor, staring, mutism, and maintained posture are clinical signs of catatonia in the table.

Closest distractor: Selective mutism concerns speech in particular social settings and does not explain stupor and posturing.

013. A  |  Table 47.10  |  printed p. 292, PDF p. 338

Why: Autoimmune and infectious encephalitis and epilepsy are among neurologic conditions associated with catatonia.

Closest distractor: Seasonal allergic rhinitis alone does not explain the new neurologic findings.

014. B  |  Table 47.11  |  printed p. 292, PDF p. 338

Why: The criteria call for at least three characteristic catatonic signs; the stem names stupor, mutism, and waxy flexibility.

Closest distractor: A single isolated motor sign does not meet the three-sign criterion.

015. B  |  Table 47.12  |  printed p. 293, PDF p. 339

Why: The examination instructions say to rate an uncertain finding as zero and score only clearly present signs.

Closest distractor: Assigning maximum points to uncertain signs would inflate the screening result.

016. B  |  Table 48.1  |  printed p. 295, PDF p. 341

Why: Delirium combines acute fluctuating disturbances in attention and awareness with an additional cognitive disturbance.

Closest distractor: Primary schizophrenia usually does not present with this acute waxing and waning attentional disturbance.

017. B  |  Table 48.2  |  printed p. 295, PDF p. 341

Why: Hypoactive delirium involves decreased psychomotor activity, lethargy, sluggishness, and confusion.

Closest distractor: Hyperactive delirium more typically includes agitation and increased activity.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

018. A  |  Table 48.3  |  printed p. 297, PDF p. 343

Why: The table includes prolonged or excessive sedation and medication-related toxic effects as delirium contributors.

Closest distractor: A developmental learning difficulty does not explain sudden ICU inattention.

019. A  |  Table 48.4  |  printed p. 297, PDF p. 343

Why: Fluctuating attention and acute onset with visual perceptual disturbances are characteristic of delirium in the table.

Closest distractor: Primary psychosis tends to have more sustained attention and a less acutely fluctuating course.

020. B  |  Table 48.5  |  printed p. 298, PDF p. 344

Why: Environmental modification includes a visible clock/calendar, daytime-consistent lighting, and caregiver reorientation.

Closest distractor: Bright overnight lighting disrupts day-night cues and is the opposite of the listed approach.

021. B  |  Table 49.1  |  printed p. 302, PDF p. 348

Why: Working-memory difficulty is illustrated by completing only part of a multistep instruction.

Closest distractor: Initiation impairment mainly affects beginning a task independently.

022. A  |  Table 49.2  |  printed p. 304, PDF p. 350

Why: Phonologic processing is listed under language functions relevant to reading difficulties.

Closest distractor: Gross motor endurance is not among the proposed cognitive pathways for reading disability in this table.

023. A  |  Table 49.3  |  printed p. 308, PDF p. 354

Why: The working-memory row recommends repeating concise instructions and providing concrete references.

Closest distractor: Longer uncued directions raise the memory load and do not implement the listed strategy.

024. A  |  Table 50.1  |  printed p. 310, PDF p. 357

Why: The DSM-5 ADHD table requires several symptoms present before age 12 and interference in more than one setting.

Closest distractor: A single isolated symptom does not satisfy the persistent multi-symptom criteria.

025. A  |  Table 50.2  |  printed p. 311, PDF p. 358

Why: The DSM-5 column allows either symptom domain, whereas the ICD-10 HKD column requires inattentive, hyperactive, and impulsive criteria.

Closest distractor: The ICD-10 criteria include substantial inattention requirements rather than excluding them.

026. A  |  Table 50.3  |  printed p. 313, PDF p. 360

Why: A sleep disorder, including obstructive sleep apnea, is listed in the ADHD differential and fits snoring with daytime impairment.

Closest distractor: Eczema does not explain habitual snoring with sleepiness.

027. A  |  Table 52.2  |  printed p. 321, PDF p. 368

Why: Low math performance and teacher concern about taking the next step are listed risk indicators for math-specific learning disability.

Closest distractor: Family history alone is not required and the table says it would not by itself initiate intervention.

028. A  |  Table 52.3  |  printed p. 321, PDF p. 368

Why: Persistent written-expression difficulty despite targeted intervention and documented academic impairment fit the listed criteria.

Closest distractor: A transient variation does not explain persistence despite intervention and objectively low achievement.

029. A  |  Table 53.1  |  printed p. 325, PDF p. 372

Why: Speech refers to the production of spoken sounds; preserved comprehension and sentence structure point away from broad language impairment.

Closest distractor: Receptive language impairment would affect understanding of instructions.

030. C  |  Table 53.2  |  printed p. 326, PDF p. 373

Why: The 7-to-12-month entries include responsiveness to simple words/requests and emerging spoken words.

Closest distractor: The 4-to-6-month band emphasizes babbling and response to sound rather than a first word with comprehension.

031. A  |  Table 53.3  |  printed p. 330, PDF p. 377

Why: Language disorder involves persistent deficits in language comprehension or production across modalities.

Closest distractor: Speech sound disorder chiefly affects articulation and intelligibility rather than comprehension.

032. B  |  Table 53.4  |  printed p. 333, PDF p. 380

Why: The terminology table equates childhood-onset fluency disorder with stuttering.

Closest distractor: Selective mutism is context-specific inability to speak despite speech ability, not disrupted fluency.

033. A  |  Table 53.5  |  printed p. 333, PDF p. 380

Why: Persistent repetitions, prolongations, and blocks that impair communication are characteristic of childhood-onset fluency disorder.

Closest distractor: A language disorder primarily affects vocabulary or grammar rather than the time pattern of speech.

034. A  |  Table 54.1  |  printed p. 337, PDF p. 384

Why: An eye-gaze picture board is listed among low-technology aided augmentative communication options.

Closest distractor: Unaided sign language requires hand movements and is a different category.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

035. A  |  Table 55.1  |  printed p. 340, PDF p. 387

Why: The table cautions that a passed newborn screen does not rule out subsequent or missed hearing loss, so new concerns warrant evaluation.

Closest distractor: Dismissal after a past screening pass may delay identification of hearing loss.

036. A  |  Table 55.2  |  printed p. 341, PDF p. 388

Why: American Sign Language is a distinct natural language with its own linguistic structure.

Closest distractor: An oral-only approach does not provide the requested natural visual language.

037. A  |  Table 55.5  |  printed p. 345, PDF p. 392

Why: The table emphasizes actively listening to family concerns and keeping families central to decisions.

Closest distractor: Selecting a method before hearing family goals contradicts family-centered planning.

038. A  |  Table 56.3  |  printed p. 348, PDF p. 395

Why: The table lists a diet restricted in phenylalanine for phenylketonuria.

Closest distractor: An unrestricted high-protein diet would increase phenylalanine exposure.

039. C  |  Table 56.6  |  printed p. 352, PDF p. 399

Why: The table lists language delay among typical concerns in toddlerhood at 2-3 years.

Closest distractor: The newborn period more commonly raises concern through dysmorphism or major organ dysfunction.

040. A  |  Table 56.7  |  printed p. 354, PDF p. 401

Why: The evaluation table emphasizes prenatal/perinatal history, developmental attainments, and a three-generation pedigree.

Closest distractor: A school report alone misses medical, family, and examination clues.

041. A  |  Table 56.8  |  printed p. 355, PDF p. 402

Why: The first tier includes plasma amino acids along with other blood and urine metabolic screens.

Closest distractor: Serum troponin is not a broad screen for treatable inborn errors of metabolism.

042. A  |  Table 56.9  |  printed p. 356, PDF p. 403

Why: Gastrointestinal issues including constipation and reflux are listed as co-occurring medical conditions.

Closest distractor: Dental eruption alone would not account for persistent gastrointestinal symptoms.

043. A  |  Table 56.11  |  printed p. 360, PDF p. 407

Why: Mild intellectual disability is paired with intermittent support and relatively independent everyday skills.

Closest distractor: Pervasive support is associated with much more substantial adaptive limitations.

044. A  |  Table 57.1  |  printed p. 362, PDF p. 409

Why: Holoprosencephaly, clefting, and scalp defects are characteristic findings in the trisomy 13 column.

Closest distractor: Trisomy 18 has a different pattern including clenched hands and prominent occiput.

045. A  |  Table 57.2  |  printed p. 363, PDF p. 410

Why: The trisomy 8 row describes common mosaicism and characteristic deep palmar and plantar creases.

Closest distractor: Trisomy 21 has a different constellation and does not specifically match the deep furrows in this table.

046. A  |  Table 57.3  |  printed p. 366, PDF p. 413

Why: Neonatal hypotonia, flat facies, upslanting palpebral fissures, and a reduced Moro reflex are listed features of trisomy 21.

Closest distractor: Trisomy 13 more often has severe midline abnormalities such as holoprosencephaly.

047. A  |  Table 57.6  |  printed p. 370, PDF p. 417

Why: The table identifies speech intelligibility as a common speech-and-language concern in trisomy 21.

Closest distractor: Cardiac anatomy does not account for reduced intelligibility as a developmental domain.

048. A  |  Table 58.1  |  printed p. 374, PDF p. 421

Why: Both social-communication deficits and restricted/repetitive behavior patterns are required core ASD domains.

Closest distractor: An isolated speech sound disorder does not encompass both domains.

049. A  |  Table 58.2  |  printed p. 374, PDF p. 421

Why: The table lists atypical language and motor findings as associated ASD features beyond the core DSM-5 criteria.

Closest distractor: Their presence does not by itself establish a separate psychotic disorder.

050. A  |  Table 58.3  |  printed p. 375, PDF p. 422

Why: Loss of speech and deficits in nonverbal social communication are warning signs meriting prompt assessment.

Closest distractor: Waiting years after regression would delay evaluation and early support.

051. A  |  Table 58.4  |  printed p. 376, PDF p. 423

Why: The table defines severity levels by support needed in both social communication and restricted/repetitive behavior domains.

Closest distractor: IQ alone does not define the table's support-based severity categories.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

052. A  |  Table 58.6  |  printed p. 378, PDF p. 425

Why: The syndromic table associates Phelan-McDermid syndrome with SHANK3 and autistic-like behaviors.

Closest distractor: Turner syndrome is not the SHANK3-associated disorder.

053. A  |  Table 58.7  |  printed p. 378, PDF p. 425

Why: Biotinidase deficiency appears among inborn errors of metabolism associated with autism-like behavior.

Closest distractor: Familial tall stature is not an inborn metabolic explanation for seizures with developmental symptoms.

054. A  |  Table 58.8  |  printed p. 380, PDF p. 427

Why: The table lists chromosomal microarray in all individuals as part of genetic evaluation.

Closest distractor: Lead testing is targeted to children with pica in this table.

055. A  |  Table 58.10  |  printed p. 382, PDF p. 429

Why: The stimulant row recommends monitoring height, weight, blood pressure, and heart rate.

Closest distractor: A chest radiograph is not listed as routine stimulant monitoring.

056. A  |  Table 59.2  |  printed p. 384, PDF p. 431

Why: An FMR1 allele with more than 200 CGG repeats is categorized as a full mutation, typically associated with methylation and silencing.

Closest distractor: A premutation has fewer repeats and different genetic consequences.

057. A  |  Table 59.3  |  printed p. 385, PDF p. 432

Why: The full-mutation row includes infant hypotonia and early-childhood developmental and behavioral features.

Closest distractor: The presentation is not restricted to asymptomatic adulthood.

058. A  |  Table 60.2  |  printed p. 388, PDF p. 435

Why: The table lists fat as 30-40% of energy at ages 1-3 and 25-35% at ages 4-18.

Closest distractor: The carbohydrate range is the same in both age bands in the table.

059. A  |  Table 61.1  |  printed p. 409, PDF p. 456

Why: Secretory IgA is among beneficial immunologic components of human milk.

Closest distractor: Human milk is not compositionally identical to cow milk and contains immune factors.

060. A  |  Table 61.2  |  printed p. 410, PDF p. 457

Why: The table distinguishes temporary or relative precautions for maternal active untreated tuberculosis from permanent milk contraindications.

Closest distractor: A permanent prohibition on all expressed human milk is not the blanket rule in the table.

061. A  |  Table 61.3  |  printed p. 410, PDF p. 457

Why: Necrotizing enterocolitis is listed among infant conditions for which human milk may confer protection.

Closest distractor: Malrotation is an anatomic abnormality and is not the table's listed protective association.

062. A  |  Table 61.5  |  printed p. 411, PDF p. 458

Why: The recommendations call for about 6 months of exclusive breastfeeding and introduction of iron- and zinc-rich complementary foods around 6

months.

Closest distractor: Starting solids does not require stopping breastfeeding.

063. A  |  Table 61.6  |  printed p. 411, PDF p. 458

Why: Lactogenesis with rising milk production is listed during days 2-4.

Closest distractor: Low initial volume alone does not establish lactation failure.

064. A  |  Table 61.7  |  printed p. 413, PDF p. 460

Why: The table emphasizes iron-containing foods such as meat or iron-fortified cereal at weaning.

Closest distractor: Dilute juice does not meet the highlighted iron need.

065. B  |  Table 61.8  |  printed p. 414, PDF p. 461

Why: Spoon feeding and beginning finger feeding with upright posture appear in the 6-9-month stage.

Closest distractor: The birth-to-4-month stage centers on breast or bottle nipple feeding.

066. A  |  Table 61.9  |  printed p. 415, PDF p. 462

Why: The table provides objective, family-friendly language relating BMI to height and weight.

Closest distractor: Shaming is not part of the suggested family communication.

067. A  |  Table 61.12  |  printed p. 417, PDF p. 464

Why: Responsive feeding assigns caregivers healthy options and a meal routine while the child determines intake.

Closest distractor: Insisting on finishing a fixed portion overrides the child's fullness cues.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

068. A  |  Table 62.2  |  printed p. 423, PDF p. 470

Why: WHO severe wasting is weight-for-height below -3 SD in the table.

Closest distractor: Moderate wasting lies between -2 and -3 SD.

069. A  |  Table 62.6  |  printed p. 426, PDF p. 473

Why: The table labels a moon face as a feature of kwashiorkor.

Closest distractor: Marasmus is associated with a thin, simian facial appearance.

070. A  |  Table 62.7  |  printed p. 428, PDF p. 475

Why: In a malnourished child, lethargy or unconsciousness and cold hands plus weak rapid pulse meet the table's shock pattern.

Closest distractor: Stable malnutrition does not account for impaired perfusion and lethargy.

071. A  |  Table 62.8  |  printed p. 429, PDF p. 476

Why: The stabilization table notes hypoglycemia and hypothermia often coexist and are signs of severe infection.

Closest distractor: A normal sleep cycle does not explain both acute abnormalities.

072. A  |  Table 63.1  |  printed p. 432, PDF p. 479

Why: Hypophosphatemia during refeeding can impair diaphragmatic contractility and cause respiratory failure.

Closest distractor: Primary asthma does not explain a new phosphate fall temporally linked to feeding.

073. A  |  Table 64.1  |  printed p. 433, PDF p. 480

Why: A weight-for-length z score at or below -3 is in the severe category.

Closest distractor: Moderate malnutrition uses values from -2.0 through -2.99.

074. A  |  Table 64.2  |  printed p. 434, PDF p. 481

Why: Sensory-based restriction causing nutritional deficiency or growth faltering without weight-shape concerns meets the ARFID pattern.

Closest distractor: Anorexia nervosa involves weight or shape concerns absent here.

075. A  |  Table 64.3  |  printed p. 435, PDF p. 482

Why: The table lists poor mealtime structure and intrusive or permissive feeding among psychosocial causes of inadequate intake.

Closest distractor: Cardiac procedures do not follow from the provided feeding-history clues.

076. A  |  Table 64.4  |  printed p. 436, PDF p. 483

Why: Semi-elemental peptide products are described for malabsorption and contain MCT.

Closest distractor: Standard formula is not the table's specially designated peptide category.

077. A  |  Table 64.5  |  printed p. 437, PDF p. 484

Why: The table lists cornstarch as a carbohydrate that can be added to address hypoglycemia in glycogen storage disease.

Closest distractor: A nonnutritive sweetener does not provide glucose calories for this purpose.

078. A  |  Table 65.2  |  printed p. 444, PDF p. 491

Why: The table includes sleep-related breathing problems among obesity-associated comorbidities.

Closest distractor: An acute appendicitis diagnosis does not explain chronic snoring and sleepiness.

079. A  |  Table 65.3  |  printed p. 445, PDF p. 492

Why: Olanzapine is listed among medications associated with obesity.

Closest distractor: Amoxicillin is not included among the table's weight-gain-associated agents.

080. A  |  Table 65.9  |  printed p. 450, PDF p. 497

Why: The table advises against using food rewards and supports modeled healthy eating with repeated food exposure.

Closest distractor: Punishment creates an adverse emotional atmosphere and contradicts the table.

081. A  |  Table 66.1  |  printed p. 453, PDF p. 500

Why: Vitamin A is necessary for vision and its deficiency causes ocular changes including night blindness.

Closest distractor: Vitamin C deficiency principally affects connective tissue and gums rather than this visual pattern.

082. A  |  Table 67.3  |  printed p. 459, PDF p. 506

Why: The table describes recurrent encephalopathy with dystonia and other neurologic signs under SLC19A3 defects.

Closest distractor: FMR1 is associated with fragile X syndrome, not this thiamine-responsive encephalopathy pattern.

083. A  |  Table 69.2  |  printed p. 3, PDF p. 518

Why: Malabsorption is listed among causes of secondary vitamin D deficiency leading to rickets.

Closest distractor: A traumatic injury does not explain diffuse rickets from malabsorption.

084. A  |  Table 69.3  |  printed p. 3, PDF p. 518

Why: The clinical features table names costochondral enlargement the rachitic rosary.

Closest distractor: Pectus carinatum describes a different chest-wall shape rather than enlarged junctions.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

085. A  |  Table 69.5  |  printed p. 474, PDF p. 521

Why: The table highlights infant vitamin D deficiency risk from limited exposure and insufficient intake/supplementation.

Closest distractor: Excess vitamin D would not be the deficiency risk in this vignette.

086. A  |  Table 73.1  |  printed p. 489, PDF p. 536

Why: Improperly mixed concentrated formula is listed under excessive sodium causes of hypernatremia.

Closest distractor: Central diabetes insipidus causes water deficit and is a different table category.

087. A  |  Table 73.2  |  printed p. 492, PDF p. 539

Why: Hyperglycemia is listed as a cause of hyperosmolality-associated hyponatremia.

Closest distractor: Pseudohyponatremia due to hyperproteinemia does not account for the elevated serum osmolality here.

088. A  |  Table 73.3  |  printed p. 492, PDF p. 539

Why: Low serum osmolality/sodium, non-dilute urine, urinary sodium excretion, and exclusion of other causes support SIADH.

Closest distractor: Diabetes insipidus causes impaired urinary concentration and commonly hypernatremia.

089. A  |  Table 73.4  |  printed p. 496, PDF p. 543

Why: The table explicitly lists potassium-sparing diuretics among medication causes of decreased potassium excretion.

Closest distractor: Loop diuretics generally increase potassium excretion.

090. A  |  Table 73.5  |  printed p. 499, PDF p. 546

Why: Vomiting is a listed contributor to hypokalemia through gastrointestinal and secondary renal mechanisms.

Closest distractor: Potassium-sparing medication typically favors hyperkalemia.

091. A  |  Table 73.7  |  printed p. 503, PDF p. 550

Why: Cisplatin is listed among medication causes of renal magnesium losses.

Closest distractor: Excess magnesium intake would increase rather than lower serum magnesium.

092. A  |  Table 73.9  |  printed p. 506, PDF p. 553

Why: Refeeding is listed under transcellular shifts causing hypophosphatemia.

Closest distractor: Decreased kidney excretion more commonly produces hyperphosphatemia.

093. A  |  Table 73.10  |  printed p. 508, PDF p. 555

Why: Tumor lysis syndrome is listed as a transcellular-release cause of hyperphosphatemia.

Closest distractor: Phosphate binders decrease phosphate absorption rather than causing release from tumor cells.

094. B  |  Table 73.11  |  printed p. 513, PDF p. 560

Why: Winter compensation gives 1.5 x 12 + 8 = 26 mm Hg, with about 2 mm Hg variation.

Closest distractor: A PaCO2 near 40 mm Hg is too high and would imply an additional respiratory-acidosis component.

095. A  |  Table 73.13  |  printed p. 515, PDF p. 562

Why: Diarrhea is listed among normal-anion-gap causes of metabolic acidosis.

Closest distractor: Lactic acidosis due to shock generally elevates the anion gap.

096. A  |  Table 73.14  |  printed p. 518, PDF p. 565

Why: Gastric loss from vomiting with low urinary chloride is characteristic chloride-responsive metabolic alkalosis.

Closest distractor: Mineralocorticoid excess is generally in the high-urine-chloride resistant category.

097. A  |  Table 73.15  |  printed p. 522, PDF p. 569

Why: Narcotic exposure is listed among causes of CNS depression and hypoventilation with respiratory acidosis.

Closest distractor: Increased ventilation lowers PaCO2 and would not fit this presentation.

098. A  |  Table 73.16  |  printed p. 524, PDF p. 571

Why: Pneumonia appears in the table under both hypoxemia and lung-receptor stimulation causes of respiratory alkalosis.

Closest distractor: Hypoventilation from opioids tends toward respiratory acidosis.

099. A  |  Table 74.1  |  printed p. 525, PDF p. 572

Why: Maintenance fluids are intended to prevent dehydration, electrolyte disorders, ketoacidosis, and protein degradation.

Closest distractor: Resuscitating active hemorrhage is a distinct treatment objective.

100. C  |  Table 74.2  |  printed p. 526, PDF p. 573

Why: For 11-20 kg, the table gives 1,000 mL plus 50 mL for each kilogram above 10: 1,250 mL/day at 15 kg.

Closest distractor: 1,500 mL is the amount at 20 kg, not 15 kg.

101. D  |  Table 74.3  |  printed p. 526, PDF p. 573

Why: Above 20 kg, the table gives 60 + 1 mL/kg/hr for each kg over 20, or 65 mL/hr.

Closest distractor: 60 mL/hr is the starting rate at 20 kg.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

102. D  |  Table 74.4  |  printed p. 527, PDF p. 574

Why: The intravenous-fluid composition table lists 154 mEq/L sodium for 0.9% saline.

Closest distractor: 130 mEq/L is the listed sodium concentration for lactated Ringer solution.

103. A  |  Table 74.5  |  printed p. 527, PDF p. 574

Why: Urine contributes approximately 60% of typical water losses in the table.

Closest distractor: Insensible losses are important but contribute around 35%, less than urine.

104. A  |  Table 74.6  |  printed p. 528, PDF p. 575

Why: Radiant warmers and phototherapy are listed as factors increasing water needs through skin losses.

Closest distractor: They do not eliminate insensible water loss.

105. A  |  Table 74.7  |  printed p. 528, PDF p. 575

Why: The table recommends replacing measured ongoing stool losses mL for mL, with attention to electrolytes.

Closest distractor: Maintenance fluid alone does not automatically cover continuing losses.

106. A  |  Table 74.8  |  printed p. 528, PDF p. 575

Why: The table lists gastric fluid as chloride-rich, with approximately 90 mEq/L chloride.

Closest distractor: Bicarbonate is not the dominant listed gastric ion.

107. A  |  Table 74.9  |  printed p. 528, PDF p. 575

Why: For polyuria, the table recommends measuring urine electrolytes and replacing urine volume with a solution informed by its composition.

Closest distractor: Assuming urine is electrolyte-free could misdirect replacement.

108. A  |  Table 75.1  |  printed p. 529, PDF p. 576

Why: The table lists tachycardia, scant urine, dry mucosa, reduced tears, and delayed refill among moderate-dehydration findings.

Closest distractor: An absence of dehydration would not fit multiple perfusion and fluid-deficit signs.

109. A  |  Table 75.2  |  printed p. 530, PDF p. 577

Why: The table starts with restoration of intravascular volume using isotonic fluid.

Closest distractor: Calculating a 24-hour plan follows initial stabilization.

110. A  |  Table 75.3  |  printed p. 530, PDF p. 577

Why: The table recommends tracking vital signs, intake/output, urine output, weight, clinical signs, and electrolytes.

Closest distractor: One admission temperature cannot reveal response to fluid therapy.

111. A  |  Table 78.1  |  printed p. 549, PDF p. 596

Why: Cardiac arrest is a level 1 immediate-resuscitation example in the table.

Closest distractor: Level 2 is urgent but does not describe active cardiac arrest.

112. A  |  Table 78.2  |  printed p. 550, PDF p. 597

Why: Tripod positioning with drooling and respiratory distress is listed as a red flag for emergency intervention.

Closest distractor: Delaying assessment risks worsening airway obstruction.

113. A  |  Table 79.1  |  printed p. 555, PDF p. 602

Why: The listed adolescent heart-rate range is approximately 60-100/min.

Closest distractor: A rate of 80/min is not below the listed adolescent minimum.

114. B  |  Table 79.2  |  printed p. 555, PDF p. 602

Why: V denotes response only to verbal stimulation such as being called.

Closest distractor: Alert means spontaneously awake and appropriately responsive.

115. A  |  Table 79.3  |  printed p. 555, PDF p. 602

Why: Spontaneous eye opening earns 4, and age-appropriate babbling/cooing in a child under 2 earns verbal 5.

Closest distractor: Eye opening only to pressure would earn 2, unlike spontaneous opening.

116. A  |  Table 79.4  |  printed p. 556, PDF p. 603

Why: Bilateral miosis is listed with opiate exposure.

Closest distractor: Anticholinergic exposure generally causes dilated pupils.

117. A  |  Table 79.6  |  printed p. 567, PDF p. 614

Why: Hemorrhage is listed as a setting for hypovolemia, one of the reversible causes of arrest.

Closest distractor: Chronic language delay does not explain the acute circulatory collapse.

118. A  |  Table 80.2  |  printed p. 574, PDF p. 621

Why: Hyperresonance, reduced ipsilateral breath sounds, contralateral tracheal deviation, and venous distension support tension pneumothorax.

Closest distractor: Massive hemothorax more commonly produces dull percussion.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

119. A  |  Table 80.3  |  printed p. 574, PDF p. 621

Why: A one-way pleural air leak with collapse and reduced venous return defines tension pneumothorax in the table.

Closest distractor: Pulmonary contusion does not arise from a one-way pleural valve effect.

120. A  |  Table 80.4  |  printed p. 575, PDF p. 622

Why: The table shows increased heart rate and thready peripheral pulses with a still-normal systolic pressure during earlier blood loss.

Closest distractor: Waiting for hypotension could miss a child compensating for hemorrhage.

121. A  |  Table 80.5  |  printed p. 576, PDF p. 623

Why: Midline cervical tenderness is one of the NEXUS findings that preclude very-low-risk classification.

Closest distractor: Normal alertness is reassuring and is not itself a positive NEXUS risk finding.

122. A  |  Table 80.6  |  printed p. 577, PDF p. 624

Why: A massive continuing air leak suggesting tracheobronchial injury is listed among urgent thoracotomy indications.

Closest distractor: Outpatient observation would not address inability to expand and ventilate the lung.

123. A  |  Table 80.7  |  printed p. 578, PDF p. 625

Why: A palpable skull fracture is one of the exclusion findings from the very-low-risk group for children under 2.

Closest distractor: The rule explicitly considers a palpable fracture in this age group.

124. A  |  Table 80.8  |  printed p. 578, PDF p. 625

Why: Evidence of abdominal-wall trauma or a seatbelt sign removes a child from the table's very-low-risk group.

Closest distractor: A visible seatbelt sign is not a reassuring exclusion of internal injury.

125. A  |  Table 81.1  |  printed p. 579, PDF p. 626

Why: Trisomy 21 is listed among conditions predisposing to cervical spine injury via abnormal development.

Closest distractor: Lumbar spondylosis is not the relevant listed cervical risk factor.

126. A  |  Table 81.2  |  printed p. 580, PDF p. 627

Why: Persistent neck pain and focal sensory symptoms are factors precluding purely clinical C-spine clearance.

Closest distractor: Being able to talk does not negate the listed risk factors.

127. A  |  Table 81.3  |  printed p. 581, PDF p. 628

Why: Sharp or aching pain radiating distally from the neck in a root pattern favors radiculopathy.

Closest distractor: Myelopathy more often has cord signs rather than isolated root-distribution radiating pain.

128. A  |  Table 82.1  |  printed p. 583, PDF p. 630

Why: The Glasgow Coma Scale separately scores eye opening, verbal output, and best motor response.

Closest distractor: APGAR assesses newborn adaptation, not this three-domain coma examination.

129. A  |  Table 83.1  |  printed p. 2, PDF p. 638

Why: The neurologic-examination table includes coma assessment along with brainstem reflex examinations.

Closest distractor: Prior school grades are not a component of the formal neurologic examination.

130. A  |  Table 83.2  |  printed p. 2, PDF p. 638

Why: The ancillary-test table distinguishes modalities by confounders and limitations; the appropriate test depends on accepted practice and the specific

clinical obstacle.

Closest distractor: A normal structural CT is not equivalent to a validated ancillary assessment.

131. A  |  Table 84.1  |  printed p. 593, PDF p. 640

Why: Pain and needle phobia are listed triggers for reflex vasodepressor or vasovagal syncope.

Closest distractor: Ventricular tachycardia is a cardiac cause and is not explained by the classic needle-triggered pattern alone.

132. A  |  Table 84.2  |  printed p. 593, PDF p. 640

Why: Postural and heat triggers, pallor, diaphoresis, and rapid recovery favor syncope.

Closest distractor: A generalized seizure more often has different triggers and a longer postevent confused period.

133. A  |  Table 84.3  |  printed p. 594, PDF p. 641

Why: A spinning or whirling sensation is the table's description of vertigo.

Closest distractor: Presyncope is a feeling of impending faint rather than movement illusion.

134. A  |  Table 84.4  |  printed p. 594, PDF p. 641

Why: The cardiovascular syncope table lists potentially fatal arrhythmias, including inherited electrical disorders.

Closest distractor: Needle-triggered vasovagal faint is a different pattern from exertional syncope with sudden-death family history.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

135. A  |  Table 84.5  |  printed p. 595, PDF p. 642

Why: Jervell-Lange-Nielsen syndrome is described as long-QT syndrome with congenital deafness.

Closest distractor: Romano-Ward long-QT syndrome is not defined by congenital deafness.

136. A  |  Table 84.6  |  printed p. 595, PDF p. 642

Why: The table includes syncope after exertion in a well-trained athlete among neurocardiogenic patterns.

Closest distractor: Exertional timing alone does not prove ventricular tachycardia; concerning features still need evaluation.

137. A  |  Table 84.7  |  printed p. 596, PDF p. 643

Why: Exertional syncope and family history of drowning or sudden death are listed red flags for cardiac disease.

Closest distractor: A benign standing-related vasovagal faint usually has different circumstances and prodrome.

138. A  |  Table 84.8  |  printed p. 596, PDF p. 643

Why: The table recommends education about the diagnosis and recognition or avoidance of prolonged standing and warm environments.

Closest distractor: Bed rest would not be a routine response to common vasovagal syncope.

139. A  |  Table 84.9  |  printed p. 599, PDF p. 646

Why: The midodrine row describes alpha-1 agonism and peripheral vasoconstriction.

Closest distractor: Beta-2 bronchodilation is not its listed therapeutic mechanism.

140. A  |  Table 85.1  |  printed p. 601, PDF p. 648

Why: Fluid depletion from vomiting/diarrhea with vasoconstriction and low preload fits hypovolemic shock.

Closest distractor: Tamponade would require an obstructive cardiac process not suggested by this history.

141. A  |  Table 85.2  |  printed p. 603, PDF p. 650

Why: The Phoenix score uses respiratory, cardiovascular, coagulation, and neurologic organ dysfunction domains.

Closest distractor: GCS evaluates neurologic responsiveness but does not incorporate the other organ dysfunction domains.

142. A  |  Table 85.3  |  printed p. 604, PDF p. 651

Why: The SIRS differential includes noninfectious inflammatory and rheumatologic conditions.

Closest distractor: Age-appropriate speech behavior is not a cause of systemic inflammatory findings.

143. A  |  Table 85.4  |  printed p. 605, PDF p. 652

Why: The table shows declining urine volume and neurologic changes as perfusion worsens.

Closest distractor: Improved perfusion would not usually produce oliguria with confusion.

144. A  |  Table 85.5  |  printed p. 606, PDF p. 653

Why: The table asks which occult infection and co-infection may prime the hyperferritinemic process.

Closest distractor: Assuming a single trivial infection overlooks the table's broader investigation.

145. A  |  Table 85.6  |  printed p. 607, PDF p. 654

Why: The table notes cerebral hypoperfusion symptoms can occur at apparently normal pressures, while oliguria is an additional shock sign.

Closest distractor: A preserved single blood-pressure reading does not exclude poor perfusion.

146. A  |  Table 85.7  |  printed p. 610, PDF p. 657

Why: Norepinephrine is described as a potent vasoconstrictor raising systemic vascular resistance and pressure.

Closest distractor: Albuterol is a bronchodilator rather than the table's vasoconstrictor.

147. A  |  Table 86.1  |  printed p. 612, PDF p. 659

Why: The table associates extrathoracic airway pathology with stridor and pronounced retractions.

Closest distractor: Alveolar disease more often produces crackles or grunting.

148. A  |  Table 86.2  |  printed p. 613, PDF p. 660

Why: Thoracic cage abnormalities such as kyphoscoliosis can compromise the respiratory pump.

Closest distractor: A foreign body is categorized as central airway obstruction rather than cage restriction.

149. A  |  Table 86.3  |  printed p. 613, PDF p. 660

Why: The table lists diabetic ketoacidosis under metabolic causes producing compensatory respiratory drive.

Closest distractor: Primary asthma would usually have airway obstruction signs rather than isolated compensation for acidosis.

150. A  |  Table 86.4  |  printed p. 614, PDF p. 661

Why: The table lists large left-to-right shunts among cardiovascular causes of reduced lung compliance and respiratory distress.

Closest distractor: An airway foreign body is not the hemodynamic shunt mechanism described.

151. A  |  Table 86.6  |  printed p. 615, PDF p. 662

Why: The table associates apneustic breathing with pontine dysfunction.

Closest distractor: Cortical involvement is linked with hyperpnea and tachypnea rather than the apneustic pattern.
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Answer key and teaching notes (continued)

152. A  |  Table 86.7  |  printed p. 616, PDF p. 663

Why: PARDS requires acute onset within 7 days of an insult, new pulmonary opacities, and edema not fully explained by cardiac failure or overload.

Closest distractor: Cardiac failure alone would not satisfy the table's origin-of-edema criterion.

153. A  |  Table 86.9  |  printed p. 618, PDF p. 665

Why: The table lists a non-rebreather at approximately 0.7-0.95 FiO2 versus about 0.21-0.4 for nasal cannula.

Closest distractor: Room air delivers approximately 0.21 and does not provide comparable supplemental oxygen.

154. A  |  Table 86.11  |  printed p. 620, PDF p. 667

Why: The table notes ketamine causes bronchodilation during intubation.

Closest distractor: Propofol does not have the table's specifically highlighted bronchodilator property and may lower blood pressure.

155. A  |  Table 86.12  |  printed p. 625, PDF p. 672

Why: In pressure control, delivered volume varies with compliance and resistance while inflation pressure is set.

Closest distractor: Volume control fixes tidal volume, with pressure varying as mechanics change.

156. A  |  Table 86.13  |  printed p. 628, PDF p. 675

Why: The low-compliance ARDS row includes pressure-controlled and other lung-protective ventilatory approaches.

Closest distractor: A spontaneous-only approach cannot be assumed sufficient for severe ARDS.

157. A  |  Table 87.1  |  printed p. 631, PDF p. 677

Why: The Lake Louise score includes headache, gastrointestinal symptoms, and fatigue or weakness.

Closest distractor: GCS measures consciousness and does not combine these altitude-illness complaints.

158. A  |  Table 87.2  |  printed p. 633, PDF p. 679

Why: The altitude-treatment table identifies acetazolamide as a carbonic anhydrase inhibitor.

Closest distractor: Midodrine is an alpha-agonist used for a different indication.

159. A  |  Table 87.3  |  printed p. 634, PDF p. 680

Why: The table lists cardiac defects that increase pulmonary blood flow or pulmonary arterial pressure among HAPE risks.

Closest distractor: The shunt does not eliminate pulmonary circulation or the need for oxygen.

160. A  |  Table 88.1  |  printed p. 645, PDF p. 691

Why: The drowning-prevention table highlights unexpected toddler exposure and lapses in active supervision.

Closest distractor: Schoolwork is unrelated to this immediate water-safety hazard.

161. A  |  Table 89.1  |  printed p. 646, PDF p. 692

Why: The table recommends limiting water-heater temperature to 48.9 C (120 F).

Closest distractor: Leaving hot beverages accessible increases rather than reduces scald risk.

162. A  |  Table 89.2  |  printed p. 647, PDF p. 693

Why: The table lists inhalation injury as a referral indication independent of total body-surface area.

Closest distractor: A small external burn does not rule out major airway injury.

163. A  |  Table 89.3  |  printed p. 647, PDF p. 693

Why: The acute burn-care table includes fluid resuscitation, analgesia, infection prevention, and nutritional support.

Closest distractor: Withholding needed nutrition conflicts with the table's provision of energy requirements.

164. A  |  Table 89.4  |  printed p. 648, PDF p. 694

Why: The first burn phase features capillary leak and shock risk and prioritizes ABC stabilization and careful resuscitation.

Closest distractor: Rehabilitation becomes important later and cannot replace early stabilization.

165. A  |  Table 89.5  |  printed p. 649, PDF p. 695

Why: Dry leathery eschar with absent blanching and reduced sensation fits a full-thickness burn.

Closest distractor: Superficial burns are typically painful and blanch.

166. A  |  Table 89.7  |  printed p. 652, PDF p. 698

Why: The table lists bacitracin as gram-positive topical coverage for wounds expected to heal within 7-10 days.

Closest distractor: Systemic amphotericin is not a routine clear topical ointment for this scenario.

167. A  |  Table 89.8  |  printed p. 655, PDF p. 701

Why: Contractures are listed as long-term skin, soft-tissue, and orthopedic burn complications.

Closest distractor: Acute hypovolemia is an early hemodynamic problem rather than chronic scar-related restriction.

168. A  |  Table 89.9  |  printed p. 656, PDF p. 702

Why: The electrical-injury table includes serious cardiac dysrhythmias even when external injury does not reflect full internal damage.

Closest distractor: A small skin mark does not ensure absence of deep or cardiac injury.
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Answer key and teaching notes (continued)

169. A  |  Table 90.1  |  printed p. 658, PDF p. 704

Why: The hypothermia table shows dysarthria, ataxia, apathy, then more severe neurologic and physiologic impairment as temperature falls.

Closest distractor: Normal cognition cannot be assumed as hypothermia progresses.

170. A  |  Table 90.2  |  printed p. 660, PDF p. 706

Why: Grade I frostbite is superficial with erythema and edema but no blistering or necrosis.

Closest distractor: Grade II is associated with blister formation.

171. A  |  Table 91.2  |  printed p. 665, PDF p. 711

Why: The table emphasizes previous anesthetic records, mask ventilation, laryngoscopy, and tube details.

Closest distractor: The medication list alone cannot establish what happened during prior airway management.

172. A  |  Table 91.3  |  printed p. 666, PDF p. 712

Why: Asthma is listed with potentially serious intraoperative bronchospasm, supporting preoperative medical optimization.

Closest distractor: Atrioventricular block is not the table's specific asthma-related implication.

173. A  |  Table 91.5  |  printed p. 667, PDF p. 713

Why: Pierre Robin sequence is included among syndromes with potentially difficult airways.

Closest distractor: Routine easy mask ventilation should not be assumed in this craniofacial condition.

174. A  |  Table 92.1  |  printed p. 676, PDF p. 722

Why: The table calls for medical and airway assessment, pediatric dosing, appropriately sized equipment, and monitoring.

Closest distractor: Adult fixed dosing is not the table's weight-based pediatric approach.

175. A  |  Table 93.1  |  printed p. 678, PDF p. 724

Why: Superficial tissue injury such as burns can produce sharp, localized somatic pain.

Closest distractor: Visceral pain originates from internal organs rather than superficial skin.

176. A  |  Table 93.2  |  printed p. 679, PDF p. 725

Why: The visual analog scale is a self-report tool validated for children generally around 6-8 years and older.

Closest distractor: CRIES is developed for neonatal pain and does not replace an older child's self-report.

177. A  |  Table 93.3  |  printed p. 680, PDF p. 726

Why: The table lists both physiologic and behavioral signs, including tachycardia, grimacing, and clenching, in infants with pain.

Closest distractor: The absence of verbal report does not mean an infant cannot experience pain.

178. A  |  Table 93.4  |  printed p. 680, PDF p. 726

Why: CRIES scores Crying, Required oxygen, Increased vital signs, Expression, and Sleeplessness.

Closest distractor: NEXUS is a cervical-injury screening rule rather than a neonatal pain tool.

179. A  |  Table 93.5  |  printed p. 680, PDF p. 726

Why: The revised FLACC scale supports behavioral pain assessment in children with cognitive impairment, including individualized behaviors.

Closest distractor: A self-report VAS may not be usable when reliable self-report is not possible.

180. A  |  Table 93.6  |  printed p. 681, PDF p. 727

Why: NSAIDs are listed as nonopioid antiinflammatory analgesics.

Closest distractor: Thiazide diuretics do not treat inflammatory pain.

181. A  |  Table 93.8  |  printed p. 684, PDF p. 730

Why: Naloxone is the listed opioid antagonist for clinically significant opioid-induced respiratory depression, along with airway support.

Closest distractor: Flumazenil reverses benzodiazepine effects rather than opioid toxicity.

182. A  |  Table 93.10  |  printed p. 685, PDF p. 731

Why: The renal-failure table marks fentanyl preferred and cautions with morphine because of active metabolite accumulation.

Closest distractor: Morphine metabolites may accumulate in significant renal impairment.

183. A  |  Table 93.11  |  printed p. 686, PDF p. 732

Why: The table advises individualized titration and extra caution in infants or when sedatives are coadministered.

Closest distractor: Fixed adult dosing overlooks pediatric age and drug-interaction risk.

184. A  |  Table 93.13  |  printed p. 688, PDF p. 734

Why: The table explicitly contraindicates codeine for pain or cough in children under 12 years.

Closest distractor: Morphine is not the agent named in that specific under-12 codeine restriction.

185. A  |  Table 93.14  |  printed p. 688, PDF p. 734

Why: Lidocaine-prilocaine is listed for intact skin with application time and occlusive dressing to achieve topical anesthesia.

Closest distractor: Silver sulfadiazine is a burn antimicrobial rather than the listed procedural anesthetic.
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Answer key and teaching notes (continued)

186. A  |  Table 93.15  |  printed p. 689, PDF p. 735

Why: Gabapentin is listed as an adjunctive treatment for pediatric neuropathic pain.

Closest distractor: Ondansetron is an antiemetic and is not listed as the neuropathic analgesic.

187. A  |  Table 93.16  |  printed p. 690, PDF p. 736

Why: The tricyclic-antidepressant section advises obtaining a 12-lead ECG to check for prolonged QT.

Closest distractor: A brain biopsy is not routine safety monitoring for amitriptyline.

188. A  |  Table 93.17  |  printed p. 695, PDF p. 741

Why: Disproportionate pain with sensory, vasomotor, edema, and motor/trophic changes is characteristic of the Budapest CRPS criteria.

Closest distractor: NEXUS screens cervical spine injury rather than this regional pain syndrome.

189. A  |  Table 93.18  |  printed p. 695, PDF p. 741

Why: The table includes posttraumatic neuralgia after surgery and nerve-root compression among neuropathic pain examples.

Closest distractor: Visceral pain does not follow a peripheral nerve distribution.

190. A  |  Table 93.19  |  printed p. 697, PDF p. 743

Why: The top ladder step includes a strong opioid for severe pain or inadequate relief at lower steps.

Closest distractor: Withholding analgesia does not follow the ladder's response to severe pain.

191. A  |  Table 93.20  |  printed p. 698, PDF p. 744

Why: Activating SCN9A/Nav1.7 variants are listed with warmth-triggered inherited erythromelalgia.

Closest distractor: CFTR causes cystic fibrosis rather than this inherited pain phenotype.

192. A  |  Table 94.1  |  printed p. 701, PDF p. 747

Why: The table warns that small amounts of aliphatic hydrocarbons can produce acute lung injury.

Closest distractor: Rickets is not the acute toxic effect of lamp-oil ingestion.

193. A  |  Table 94.2  |  printed p. 702, PDF p. 748

Why: Opioids are listed among causes of miosis in the toxicology examination table.

Closest distractor: Anticholinergics more often cause mydriasis.

194. A  |  Table 94.4  |  printed p. 704, PDF p. 750

Why: The alpha-2 agonist row includes clonidine with CNS depression, bradycardia, and miosis.

Closest distractor: Atropine usually produces tachycardia and dilated pupils.

195. A  |  Table 94.5  |  printed p. 704, PDF p. 750

Why: Calcium-channel blockers appear among ingestion causes associated with bradycardia.

Closest distractor: Amphetamines usually produce sympathetic tachycardia.

196. A  |  Table 94.6  |  printed p. 705, PDF p. 751

Why: Ethylene glycol is listed among toxicologic causes of both relevant laboratory clues.

Closest distractor: Topical petrolatum is not a plausible cause of these linked gaps.

197. A  |  Table 94.7  |  printed p. 706, PDF p. 752

Why: Tricyclic antidepressants are listed among poisoning causes of QRS widening.

Closest distractor: A normal ECG is not expected when clinically significant QRS widening is present.

198. A  |  Table 94.9  |  printed p. 708, PDF p. 754

Why: Intravenous lipid emulsion is listed for local anesthetic systemic toxicity.

Closest distractor: Vitamin K is not the antidotal strategy for this toxic mechanism.

199. A  |  Table 94.10  |  printed p. 708, PDF p. 754

Why: Organophosphate insecticides are included among substances capable of systemic toxicity after skin absorption.

Closest distractor: Plain water exposure does not produce cholinergic toxicity.

200. A  |  Table 94.11  |  printed p. 709, PDF p. 755

Why: The table lists iron among substances poorly adsorbed by activated charcoal.

Closest distractor: Assuming complete charcoal binding would provide false reassurance.

201. A  |  Table 94.12  |  printed p. 710, PDF p. 756

Why: Stage II features improvement of initial symptoms but emerging hepatic tenderness and laboratory liver injury at 24-48 hours.

Closest distractor: Stage I generally precedes detectable hepatic injury.

202. A  |  Table 94.13  |  printed p. 713, PDF p. 759

Why: Methadone is listed as an opioid associated with QT widening.

Closest distractor: Naloxone is an opioid antagonist rather than the listed QT-prolonging prescription opioid.
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203. A  |  Table 94.15  |  printed p. 715, PDF p. 761

Why: Iron poisoning can have early gastrointestinal symptoms, a misleading latent period, then serious systemic toxicity.

Closest distractor: Transient improvement does not establish safety after a significant iron ingestion.

204. A  |  Table 94.16  |  printed p. 717, PDF p. 763

Why: The table lists SSRIs including sertraline and analgesics including tramadol among serotonergic agents.

Closest distractor: Plain saline is not a serotonergic interacting drug.

205. A  |  Table 94.17  |  printed p. 718, PDF p. 764

Why: Clonus with agitation and autonomic hyperthermia appears in the serotonergic toxicity spectrum.

Closest distractor: Opioid toxicity more typically causes respiratory depression and miosis, not clonus.

206. A  |  Table 94.18  |  printed p. 718, PDF p. 764

Why: Rapid onset after a proserotonergic agent and clonus favors serotonin syndrome.

Closest distractor: NMS generally follows a neuroleptic exposure and often evolves more slowly with different rigidity.

207. A  |  Table 94.19  |  printed p. 722, PDF p. 768

Why: Autumn crocus ingestion is listed with gastrointestinal symptoms followed by bone marrow failure and multisystem toxicity.

Closest distractor: Speech delay is not the acute delayed toxic consequence described.

208. A  |  Table 94.20  |  printed p. 723, PDF p. 769

Why: Aconite is listed as potentially causing cardiac arrhythmias.

Closest distractor: Rickets is not an acute herbal cardiac toxicity.

209. A  |  Table 95.2  |  printed p. 727, PDF p. 773

Why: Distinctive findings with minimal locus heterogeneity favor testing the implicated single gene.

Closest distractor: Broader genomic testing may be useful elsewhere but is not the most focused first strategy for a clear single-gene phenotype.

210. A  |  Table 98.1  |  printed p. 749, PDF p. 795

Why: Chromosomal microarray can detect small deletions and duplications over many loci.

Closest distractor: EEG evaluates brain electrical activity, not genomic copy number.

211. A  |  Table 98.2  |  printed p. 751, PDF p. 797

Why: The classification separates age at onset from whether knowledge of the variant permits preventive or therapeutic action.

Closest distractor: A variant enabling meaningful prevention is not in the not-actionable category.

212. A  |  Table 98.3  |  printed p. 754, PDF p. 800

Why: BCHE affects butyrylcholinesterase function and is listed with prolonged succinylcholine paralysis.

Closest distractor: CFTR is associated with cystic fibrosis rather than this drug response.

213. A  |  Table 98.4  |  printed p. 756, PDF p. 802

Why: Both consanguinity and a prior child with a metabolic disorder are listed indications for genetic counseling.

Closest distractor: No assessment would miss recurrence-risk discussion.

214. A  |  Table 99.2  |  printed p. 763, PDF p. 809

Why: The cytogenetic-notation table defines del as deletion.

Closest distractor: Duplication uses different cytogenetic notation.

215. A  |  Table 99.3  |  printed p. 766, PDF p. 812

Why: The table associates holoprosencephaly, clefting, and postaxial polydactyly with trisomy 13.

Closest distractor: Trisomy 18 features a different pattern such as clenched overlapping fingers.

216. A  |  Table 99.4  |  printed p. 767, PDF p. 813

Why: The 4p deletion row is Wolf-Hirschhorn syndrome with the characteristic craniofacial appearance.

Closest distractor: Williams syndrome involves a different chromosomal region and characteristic findings.

217. A  |  Table 99.6  |  printed p. 769, PDF p. 815

Why: The table includes 7q11.23 among microduplication syndromes with developmental and language features.

Closest distractor: A whole-chromosome trisomy is a different type of copy-number change.

218. A  |  Table 99.7  |  printed p. 770, PDF p. 816

Why: The table identifies 47,XXY as Klinefelter syndrome.

Closest distractor: Turner syndrome is associated with a missing or altered X chromosome in phenotypic females.

219. A  |  Table 99.8  |  printed p. 771, PDF p. 817

Why: Coarctation and bicuspid aortic valve are among listed cardiac findings in Turner syndrome.

Closest distractor: Tetralogy of Fallot is not the characteristic lesion singled out by this table.
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220. A  |  Table 99.10  |  printed p. 774, PDF p. 820

Why: Fanconi anemia is listed with radial-ray anomalies, short stature, and bone-marrow failure.

Closest distractor: Turner syndrome does not account for this characteristic pancytopenia with radial defects.

221. A  |  Table 99.11  |  printed p. 776, PDF p. 822

Why: The table emphasizes infant hypotonia/feeding difficulty followed by later hyperphagia and obesity in Prader-Willi syndrome.

Closest distractor: Angelman syndrome has a different developmental and behavioral pattern.

222. A  |  Table 99.12  |  printed p. 777, PDF p. 823

Why: The early phase is hypotonia with poor feeding; heightened appetite develops later.

Closest distractor: Immediate neonatal hyperphagia is not required and contradicts the table's sequence.

223. A  |  Table 99.13  |  printed p. 777, PDF p. 823

Why: Paternal deletion of 15q11-q13 is a major mechanism of Prader-Willi syndrome.

Closest distractor: A maternal deletion in the region is associated with Angelman syndrome.

224. A  |  Table 100.1  |  printed p. 778, PDF p. 824

Why: A sequence begins with one developmental anomaly that causes a cascade of secondary defects, as illustrated by Pierre Robin sequence.

Closest distractor: An association does not imply that one defect directly causes the others.

225. A  |  Table 100.2  |  printed p. 780, PDF p. 826

Why: The table links DLL3 and abnormal vertebral/rib segmentation with spondylocostal dysostosis.

Closest distractor: Turner syndrome does not have this specified DLL3-related segmentation mechanism.

226. A  |  Table 100.3  |  printed p. 781, PDF p. 827

Why: Maternal intrauterine infections are one category of congenital malformation causes.

Closest distractor: Postnatal iron deficiency would not explain multiple congenital defects present at birth.

227. A  |  Table 100.4  |  printed p. 784, PDF p. 830

Why: Brachydactyly is defined as short digits.

Closest distractor: Permanent flexion is camptodactyly, a distinct term in the table.

228. A  |  Table 100.5  |  printed p. 785, PDF p. 831

Why: Omphalocele is listed under major abdominal-wall malformations.

Closest distractor: It is not a minor auricular finding.

229. A  |  Table 100.6  |  printed p. 785, PDF p. 831

Why: Preauricular tags appear among minor ear malformations in the table.

Closest distractor: A major cardiac defect is an entirely different category.

230. A  |  Table 100.7  |  printed p. 786, PDF p. 832

Why: Williams syndrome is listed with supravalvular aortic stenosis, a characteristic social style, and iris findings.

Closest distractor: WAGR syndrome centers on Wilms tumor, aniridia, genitourinary findings, and developmental concerns.

231. A  |  Table 101.1  |  printed p. 788, PDF p. 834

Why: PTPN11 and SHP2 are listed within the RAS/MAPK pathway associated with Noonan syndrome.

Closest distractor: The urea cycle is a separate metabolic pathway.

232. A  |  Table 101.2  |  printed p. 789, PDF p. 835

Why: These craniofacial, growth, and chest-wall findings appear in the Noonan syndrome table.

Closest distractor: Phenylketonuria alone does not produce this characteristic constellation.

233. A  |  Table 101.3  |  printed p. 790, PDF p. 836

Why: At diagnosis the table includes full examination, genetics consultation, and consideration of molecular testing/counseling.

Closest distractor: Deferring all evaluation misses baseline multisystem assessment.

234. A  |  Table 101.4  |  printed p. 792, PDF p. 838

Why: Motile primary ciliary dyskinesia is listed with chronic airway/ear disease and laterality defects.

Closest distractor: Nephronophthisis is a sensory/primary ciliopathy with a different renal-centered presentation.

235. A  |  Table 102.1  |  printed p. 797, PDF p. 843

Why: These facial features appear on the Kabuki phenotype-scoring list.

Closest distractor: NEXUS evaluates cervical spine injury, not a congenital phenotype.

236. A  |  Table 104.4  |  printed p. 806, PDF p. 852

Why: Fatty acid oxidation defects are listed among inborn errors associated with neonatal hypoglycemia.

Closest distractor: Dyslexia cannot explain recurrent neonatal hypoglycemia.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

237. A  |  Table 104.5  |  printed p. 807, PDF p. 853

Why: Urea-cycle enzyme defects, including OTC and CPS1 deficiency, are listed causes of severe hyperammonemia.

Closest distractor: Vasovagal syncope cannot explain persistent marked ammonia elevation.

238. A  |  Table 104.11  |  printed p. 810, PDF p. 856

Why: The table pairs maple-syrup or burnt-sugar odor with maple syrup urine disease.

Closest distractor: Isovaleric acidemia is classically described as sweaty-feet odor.

239. A  |  Table 104.12  |  printed p. 811, PDF p. 857

Why: An unexplained affected or deceased sibling and a neonatal sepsis-like presentation are red flags for metabolic workup.

Closest distractor: A possible infection does not eliminate inherited metabolic disease from the differential.

240. A  |  Table 104.13  |  printed p. 811, PDF p. 857

Why: Hyperammonemia, hypoglycemia, and metabolic acidosis are among laboratory findings that should trigger a metabolic workup.

Closest distractor: A vision screen cannot evaluate these acute biochemical abnormalities.

241. A  |  Table 105.4  |  printed p. 849, PDF p. 895

Why: Low citrulline with hyperammonemia is described for proximal urea-cycle disorders such as CPS1 and NAGS defects.

Closest distractor: Lactose intolerance does not produce this amino-acid and ammonia pattern.

242. A  |  Table 105.5  |  printed p. 850, PDF p. 896

Why: Organic acidemias such as propionic and methylmalonic acidemia are listed among metabolic causes of hyperammonemia.

Closest distractor: A speech disorder cannot account for an acute biochemical crisis.

243. A  |  Table 105.6  |  printed p. 850, PDF p. 896

Why: The acute hyperammonemia table prioritizes adequate IV energy and fluid/electrolyte support with ammonia-directed therapy.

Closest distractor: Prolonged fasting worsens catabolism and endogenous nitrogen generation.

244. A  |  Table 106.2  |  printed p. 866, PDF p. 912

Why: The Zellweger spectrum is categorized among peroxisomal biogenesis disorders involving PEX genes.

Closest distractor: CFTR causes cystic fibrosis and is not the peroxisome biogenesis gene group.

245. A  |  Table 106.3  |  printed p. 866, PDF p. 912

Why: The table lists defective oxidation and accumulation of very-long-chain fatty acids.

Closest distractor: Elevated phenylalanine points toward a different metabolic disorder.

246. A  |  Table 106.5  |  printed p. 869, PDF p. 915

Why: The Zellweger spectrum row shows increased VLCFA and reduced plasmalogens.

Closest distractor: Isolated X-linked adrenoleukodystrophy generally has elevated VLCFA with normal plasmalogens in this table.

247. A  |  Table 106.6  |  printed p. 874, PDF p. 920

Why: Chylomicrons originate in the intestine, are lipid-rich and large, and contain apoB-48.

Closest distractor: LDL is smaller and contains apoB-100 rather than apoB-48.

248. A  |  Table 106.7  |  printed p. 875, PDF p. 921

Why: Familial hypercholesterolemia is listed with high LDL, tendon xanthomas, and early coronary risk.

Closest distractor: Primary chylomicronemia chiefly affects triglyceride-rich lipoproteins rather than isolated LDL elevation.

249. A  |  Table 106.10  |  printed p. 880, PDF p. 926

Why: Hypothyroidism is listed among secondary causes of hypercholesterolemia.

Closest distractor: Seasonal allergy alone is not a listed explanation for this lipid change.

250. A  |  Table 106.11  |  printed p. 881, PDF p. 927

Why: Toe II-III syndactyly with craniofacial and genital findings is characteristic in the Smith-Lemli-Opitz table.

Closest distractor: Turner syndrome has a different sex-chromosome and congenital feature pattern.

251. A  |  Table 106.12  |  printed p. 882, PDF p. 928

Why: Renal hypoplasia and other kidney anomalies appear under urinary-tract malformations.

Closest distractor: A skin-appendage category would not include a hypoplastic kidney.

252. A  |  Table 106.13  |  printed p. 883, PDF p. 929

Why: HMG-CoA reductase inhibitors (statins) reduce cholesterol synthesis and increase hepatic LDL receptor activity.

Closest distractor: Fibrinolytics are not agents for chronic LDL lowering.

253. A  |  Table 106.14  |  printed p. 883, PDF p. 929

Why: The table lists myalgia and myositis as statin-associated adverse effects.

Closest distractor: Routine tooth eruption is not a medication adverse effect explaining new muscle symptoms.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

254. A  |  Table 106.17  |  printed p. 893, PDF p. 939

Why: The table marks cognitive decline in all three clinical forms.

Closest distractor: Coarse facial features are associated mainly with the infantile presentation, not every form.

255. A  |  Table 106.18  |  printed p. 894, PDF p. 940

Why: The table reports early childhood gastrointestinal complaints and acroparesthesia among Fabry manifestations.

Closest distractor: An exclusively adult onset is inconsistent with the listed pediatric reports.

256. A  |  Table 106.19  |  printed p. 895, PDF p. 941

Why: The table lists several inflammatory and neurologic diagnoses as common misclassifications of Fabry disease.

Closest distractor: An initial inflammatory label does not exclude an inherited storage disorder.

257. A  |  Table 107.2  |  printed p. 914, PDF p. 960

Why: Beta-agonists appear in the drug/toxin group for type B2 lactic acidosis.

Closest distractor: Type A requires inadequate tissue oxygenation and is not the only explanation here.

258. A  |  Table 107.4  |  printed p. 919, PDF p. 965

Why: The bedside criteria score clinical features, metabolic/imaging studies, and morphology.

Closest distractor: NEXUS screens for cervical spine injury rather than mitochondrial disease.

259. A  |  Table 107.5  |  printed p. 920, PDF p. 966

Why: Nonvascular strokelike lesions and a characteristic lactate MRS peak are among mitochondrial clues.

Closest distractor: A refractive error does not explain either neuroimaging feature.

260. A  |  Table 107.6  |  printed p. 924, PDF p. 970

Why: The table characterizes recognizable congenital disorders of glycosylation using the clinical profile and transferrin isoform analysis.

Closest distractor: Lactose intolerance does not explain multisystem neurologic abnormalities with abnormal glycosylation.

261. A  |  Table 107.7  |  printed p. 927, PDF p. 973

Why: The table lists mannose therapy for MPI-CDG with improvement in digestive and systemic manifestations.

Closest distractor: Eliminating all carbohydrate is not the specified metabolic therapy.

262. A  |  Table 108.2  |  printed p. 934, PDF p. 980

Why: The criteria include muscular, neurologic, and multisystem features including endocrine and hearing findings.

Closest distractor: A single sodium value does not cover the multidomain assessment.

263. A  |  Table 108.3  |  printed p. 935, PDF p. 981

Why: Biotinidase deficiency is listed as a differential diagnosis for the dystonia phenotype.

Closest distractor: Dental caries does not explain a progressive movement disorder.

264. A  |  Table 109.1  |  printed p. 939, PDF p. 985

Why: The MPS I Hurler pattern includes coarse facies, corneal clouding, contractures, and intellectual impairment.

Closest distractor: MPS III is not the best fit for prominent corneal clouding and contracture combination.

265. A  |  Table 110.1  |  printed p. 945, PDF p. 991

Why: APRT deficiency is paired with an XOR inhibitor to prevent stone formation and renal damage.

Closest distractor: A proton pump inhibitor does not address the metabolic stone mechanism.

266. A  |  Table 110.3  |  printed p. 949, PDF p. 995

Why: The table pairs APRT deficiency with dihydroxyadenine urinary stones.

Closest distractor: Struvite is typically infection-associated and is not the APRT-specific stone listed.

267. A  |  Table 112.2  |  printed p. 965, PDF p. 1011

Why: The acute intermittent porphyria row names urinary porphobilinogen as the key screening test.

Closest distractor: Sweat chloride tests cystic fibrosis and does not screen an acute porphyria attack.

268. A  |  Table 112.4  |  printed p. 969, PDF p. 1015

Why: Acute porphyria may present with persistent diffuse pain and neurologic vomiting without typical peritoneal signs.

Closest distractor: A perforated viscus generally suggests peritoneal irritation, which is absent here.

269. A  |  Table 113.1  |  printed p. 981, PDF p. 1027

Why: The table separates autonomic adrenergic symptoms such as tremor and diaphoresis from later neuroglycopenic confusion.

Closest distractor: Cerebral glucopenia more directly causes confusion, visual changes, and impaired cognition.

270. A  |  Table 113.2  |  printed p. 982, PDF p. 1028

Why: Macroglossia is paired with Beckwith-Wiedemann syndrome, and large-for-gestational-age status can signal congenital hyperinsulinism.

Closest distractor: Turner syndrome does not explain this characteristic combination of macroglossia and neonatal hyperinsulinism.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

271. A  |  Table 113.3  |  printed p. 983, PDF p. 1029

Why: Prematurity and limited substrate adaptation are included in transitional neonatal hypoglycemia.

Closest distractor: A persistent genetic disorder would not be inferred from a brief self-limited transitional episode.

272. A  |  Table 113.4  |  printed p. 983, PDF p. 1029

Why: An infant of a diabetic mother is listed among transient causes of hyperinsulinemic hypoglycemia.

Closest distractor: Insulinoma is an uncommon separate cause and is not implied by the birth history.

273. A  |  Table 113.5  |  printed p. 984, PDF p. 1030

Why: Beckwith-Wiedemann syndrome is associated with overgrowth, macroglossia, abdominal-wall defects, and hyperinsulinism.

Closest distractor: Turner syndrome does not explain neonatal overgrowth with macroglossia.

274. A  |  Table 113.6  |  printed p. 985, PDF p. 1031

Why: The table emphasizes a critical sample at low plasma glucose with metabolites and hormones to identify the mechanism.

Closest distractor: Delaying all testing until the metabolic state has resolved may lose key diagnostic information.

275. A  |  Table 113.7  |  printed p. 987, PDF p. 1033

Why: Diazoxide is listed among therapies for hyperinsulinism.

Closest distractor: Albuterol is a bronchodilator, not the table's targeted hyperinsulinism agent.

276. A  |  Table 113.8  |  printed p. 987, PDF p. 1033

Why: Hypoketonemia, low free fatty acids, and a strong glucagon response during hypoglycemia support hyperinsulinism.

Closest distractor: Normal fasting ordinarily permits lipolysis and ketone production.

277. A  |  Table 113.9  |  printed p. 990, PDF p. 1036

Why: Growth hormone deficiency or resistance appears among hormonal causes of ketotic hypoglycemia.

Closest distractor: Persistent excess insulin tends to suppress ketone production rather than cause marked ketosis.

278. A  |  Table 118.1  |  printed p. 1029, PDF p. 1039

Why: Congenital diaphragmatic hernia is among fetal diagnoses evaluated by fetal centers.

Closest distractor: A dental clinic does not provide the multispecialty fetal evaluation described.

279. A  |  Table 118.2  |  printed p. 1029, PDF p. 1039

Why: The table describes in-utero intervention aimed at reversing pulmonary hypoplasia and reducing pulmonary hypertension before postnatal repair.

Closest distractor: Fetal intervention does not guarantee the neonate will need no respiratory support.

280. A  |  Table 118.3  |  printed p. 1037, PDF p. 1047

Why: The patient-selection table places trisomy 18 among genetic diagnoses requiring consideration of diagnostic and prognostic certainty.

Closest distractor: School attendance is unrelated to fetal prognostic assessment.

281. A  |  Table 119.1  |  printed p. 1038, PDF p. 1048

Why: Maternal diabetes and hypertension are listed in birth-parent medical history factors influencing neonatal risk.

Closest distractor: These factors do not guarantee a low-risk neonatal course.

282. A  |  Table 119.2  |  printed p. 1041, PDF p. 1051

Why: The donor is associated with anemia/pallor, hypovolemia, growth restriction, and oligohydramnios.

Closest distractor: The recipient more typically develops polyhydramnios, plethora, and volume overload.

283. A  |  Table 119.3  |  printed p. 1043, PDF p. 1053

Why: Prior preterm birth and short interpregnancy interval appear among maternal risk factors.

Closest distractor: They are not themselves evidence of a fetal chromosomal abnormality.

284. A  |  Table 119.6  |  printed p. 1048, PDF p. 1058

Why: Chronic fetal infections including congenital CMV are listed as fetal factors in intrauterine growth restriction.

Closest distractor: Postnatal renal stones do not cause fetal growth restriction.

285. A  |  Table 119.7  |  printed p. 1048, PDF p. 1058

Why: Early insult with proportionate reduction in multiple fetal measurements is a symmetric IUGR pattern.

Closest distractor: Asymmetric restriction typically arises later and disproportionately affects abdominal growth.

286. A  |  Table 119.8  |  printed p. 1048, PDF p. 1058

Why: The table links SGA hypoglycemia to lower tissue glycogen and impaired gluconeogenesis, among other factors.

Closest distractor: An insulinoma is not an obligatory explanation in these newborns.

287. A  |  Table 119.9  |  printed p. 1049, PDF p. 1059

Why: Maintaining stable temperature is explicitly listed among high-risk infant discharge requirements.

Closest distractor: A single normal heart rate cannot substitute for sustained thermal stability.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Answer key and teaching notes (continued)

288. A  |  Table 119.10  |  printed p. 1050, PDF p. 1060

Why: The table links IVH to subsequent posthemorrhagic hydrocephalus and other neurologic concerns.

Closest distractor: IVH does not create a congenital trisomy.

289. A  |  Table 121.1  |  printed p. 1053, PDF p. 1064

Why: A scaphoid abdomen, bowel sounds in the thorax, and severe distress fit congenital diaphragmatic hernia.

Closest distractor: Choanal atresia causes nasal obstruction without intrathoracic bowel sounds.

290. A  |  Table 121.2  |  printed p. 1054, PDF p. 1065

Why: Maternal or direct oversedation is listed as a CNS cause of hypoventilation and cyanosis.

Closest distractor: Congenital cardiac shunting is a separate possible cause but not the exposure mechanism in this vignette.

291. A  |  Table 122.3  |  printed p. 1061, PDF p. 1072

Why: The ultrasound timeline shows echogenic periventricular lesions early, then echolucent cysts after 1-3 weeks.

Closest distractor: A scalp hematoma is extracranial and does not explain this periventricular evolution.

292. A  |  Table 122.5  |  printed p. 1062, PDF p. 1073

Why: The table includes cardiovascular and renal injury along with neurologic, pulmonary, and other systemic effects of asphyxia.

Closest distractor: Asphyxia is not restricted to the brain.

293. A  |  Table 122.6  |  printed p. 1063, PDF p. 1074

Why: The table links deep gray and related patterns of hypoxic-ischemic injury with neurologic sequelae including movement difficulties.

Closest distractor: A peripheral nerve-only explanation ignores the documented brain findings.

294. A  |  Table 122.8  |  printed p. 1064, PDF p. 1075

Why: Lethargy and decreased activity with abnormal primitive reflexes fit the moderate HIE column.

Closest distractor: Severe stage 3 more commonly involves stupor or coma and absent spontaneous activity.

295. A  |  Table 122.9  |  printed p. 1066, PDF p. 1077

Why: The MRI table describes deep-gray and cortical signal patterns useful in characterizing term HIE.

Closest distractor: A deep-gray lesion does not exclude HIE; it may be part of its pattern.

296. A  |  Table 122.10  |  printed p. 1066, PDF p. 1077

Why: The table notes severe early abnormalities may recover and that rapid recovery is associated with a more favorable outcome.

Closest distractor: An early tracing alone does not establish an inevitable outcome.

297. A  |  Table 122.11  |  printed p. 1067, PDF p. 1078

Why: A normal EEG background by day 7 is listed among patterns associated with favorable outcome.

Closest distractor: Persistent burst suppression is listed among concerning patterns instead.

298. A  |  Table 125.1  |  printed p. 1075, PDF p. 1086

Why: The neonatal-apnea table includes infections and respiratory disease as potentially important causes.

Closest distractor: A vision refractive error does not explain acute apnea and temperature instability.

299. A  |  Table 130.1  |  printed p. 1092, PDF p. 1103

Why: Parenchymal lung disease such as meconium aspiration is listed as a trigger for reactive pulmonary vasoconstriction in PPHN.

Closest distractor: A normal postnatal fall in pulmonary resistance would not explain PPHN.

300. A  |  Table 136.1  |  printed p. 1104, PDF p. 1116

Why: The table lists distension, feeding intolerance, blood in stool, and apnea among NEC signs.

Closest distractor: Physiologic reflux alone does not explain bloody stool and systemic deterioration.

Question selection and educational compilation: Dr. Manar Alshawabkeh
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Table selection log

300 selected, readable, single-page tables in ascending source-table order. Source page numbers are shown below.

Calendar-year statistics, low clinical-value material, and tables continued onto additional PDF pages were skipped.

Scope: after Table 41.7 (PDF p. 320), through Table 136.1 (PDF p. 1116); resume after Table 136.1.

001.  Table 42.1  |  PDF p. 323  |  printed p. 278  |  Completed
Table 42.1 DSM-5 Diagnostic Criteria for Oppositional Defiant Disorder

002.  Table 42.2  |  PDF p. 323  |  printed p. 278  |  Completed
Table 42.2 DSM-5 Diagnostic Criteria for Intermittent Explosive Disorder

003.  Table 42.3  |  PDF p. 324  |  printed p. 279  |  Completed
Table 42.3 DSM-5 Diagnostic Criteria for Conduct Disorder

004.  Table 47.1  |  PDF p. 331  |  printed p. 285  |  Completed
Table 47.1 DSM-5 Diagnostic Criteria for Brief Psychotic Disorder

005.  Table 47.2  |  PDF p. 332  |  printed p. 286  |  Completed
Table 47.2 DSM-5 Diagnostic Criteria for Schizophreniform Disorder

006.  Table 47.3  |  PDF p. 332  |  printed p. 286  |  Completed
Table 47.3 DSM-5 Diagnostic Criteria for Schizophrenia

007.  Table 47.4  |  PDF p. 333  |  printed p. 287  |  Completed
Table 47.4 Possible Causes of Secondary Psychosis

008.  Table 47.5  |  PDF p. 334  |  printed p. 288  |  Completed
Table 47.5 Red Flags and Features Suggesting Secondary Etiologies of Psychosis

009.  Table 47.6  |  PDF p. 334  |  printed p. 288  |  Completed
Table 47.6 Proposed Diagnostic Criteria for Autoimmune Psychosis

010.  Table 47.7  |  PDF p. 337  |  printed p. 291  |  Completed
Table 47.7 DSM-5 Diagnostic Criteria for Substance/Medication-Induced Psychotic Disorder

011.  Table 47.8  |  PDF p. 337  |  printed p. 291  |  Completed
Table 47.8 DSM-5 Diagnostic Criteria for Psychotic Disorder Due to Another Medical Condition

012.  Table 47.9  |  PDF p. 338  |  printed p. 292  |  Completed
Table 47.9 Catatonia

013.  Table 47.10  |  PDF p. 338  |  printed p. 292  |  Completed
Table 47.10 Conditions Associated with Catatonia

014.  Table 47.11  |  PDF p. 338  |  printed p. 292  |  Completed
Table 47.11 DSM-5 Criteria for Catatonia Due to Another Medical Condition

015.  Table 47.12  |  PDF p. 339  |  printed p. 293  |  Completed
Table 47.12 Standard Examination of Catatonia

016.  Table 48.1  |  PDF p. 341  |  printed p. 295  |  Completed
Table 48.1 DSM-5 Diagnostic Criteria for Delirium

017.  Table 48.2  |  PDF p. 341  |  printed p. 295  |  Completed
Table 48.2 DSM-5 Delirium Subtypes

018.  Table 48.3  |  PDF p. 343  |  printed p. 297  |  Completed
Table 48.3 Etiologies of Pediatric Delirium (CRITICAL CARE mnemonic)

019.  Table 48.4  |  PDF p. 343  |  printed p. 297  |  Completed
Table 48.4 Differential Diagnosis of Delirium

020.  Table 48.5  |  PDF p. 344  |  printed p. 298  |  Completed
Table 48.5 Nonpharmacologic Management of Delirium

021.  Table 49.1  |  PDF p. 348  |  printed p. 302  |  Completed
Table 49.1 Symptom Expression of Executive Dysfunction

022.  Table 49.2  |  PDF p. 350  |  printed p. 304  |  Completed
Table 49.2 Neurodevelopmental Dysfunction Underlying Academic Disorders

023.  Table 49.3  |  PDF p. 354  |  printed p. 308  |  Completed
Table 49.3 Executive Function Categories: Presenting Symptoms, Suggested Dysfunction, and Potential Interventions

024.  Table 50.1  |  PDF p. 357  |  printed p. 310  |  Completed
Table 50.1 DSM-5 Diagnostic Criteria for ADHD

025.  Table 50.2  |  PDF p. 358  |  printed p. 311  |  Completed
Table 50.2 Differences Between U.S. and European Criteria for ADHD or HKD

026.  Table 50.3  |  PDF p. 360  |  printed p. 313  |  Completed
Table 50.3 Differential Diagnosis of Attention-Deficit/Hyperactivity Disorder (ADHD)

027.  Table 52.2  |  PDF p. 368  |  printed p. 321  |  Completed
Table 52.2 Risk Factors for a Specific Learning Disability

028.  Table 52.3  |  PDF p. 368  |  printed p. 321  |  Completed
Table 52.3 DSM-5 Diagnostic Criteria for Specific Learning Disability with Impairment in Written Expression

029.  Table 53.1  |  PDF p. 372  |  printed p. 325  |  Completed
Table 53.1 Definitions of Basic Terms in Communication, Language, and Speech

030.  Table 53.2  |  PDF p. 373  |  printed p. 326  |  Completed
Table 53.2 Speech, Language, and Communication Milestones from Birth to 5 Years, Based on Typically Developing Children

031.  Table 53.3  |  PDF p. 377  |  printed p. 330  |  Completed
Table 53.3 DSM-5 Diagnostic Criteria for Communication Disorders

032.  Table 53.4  |  PDF p. 380  |  printed p. 333  |  Completed
Table 53.4 Terminology Related to Childhood-Onset Fluency Disorder

033.  Table 53.5  |  PDF p. 380  |  printed p. 333  |  Completed
Table 53.5 DSM-5 Diagnostic Criteria for Childhood-Onset Fluency Disorder
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Table selection log (continued)

034.  Table 54.1  |  PDF p. 384  |  printed p. 337  |  Completed
Table 54.1 Types of Augmentative and Alternative Communication

035.  Table 55.1  |  PDF p. 387  |  printed p. 340  |  Completed
Table 55.1 Common False Assumption About Deaf or Hard of Hearing (D/HH) Infants and Children

036.  Table 55.2  |  PDF p. 388  |  printed p. 341  |  Completed
Table 55.2 Communication Approaches for Children Who Are Deaf and Hard of Hearing (D/HH)

037.  Table 55.5  |  PDF p. 392  |  printed p. 345  |  Completed
Table 55.5 Approaches in the Medical Home to Support the Family Journey

038.  Table 56.3  |  PDF p. 395  |  printed p. 348  |  Completed
Table 56.3 Conditions in Which Early Treatment May Significantly Improve the Course of the Disease

039.  Table 56.6  |  PDF p. 399  |  printed p. 352  |  Completed
Table 56.6 Common Presentations of Intellectual Disability

040.  Table 56.7  |  PDF p. 401  |  printed p. 354  |  Completed
Table 56.7 Suggested Evaluation of the Child with Intellectual Disability or Global Developmental Delay

041.  Table 56.8  |  PDF p. 402  |  printed p. 355  |  Completed
Table 56.8 Treatable Intellectual Disability Endeavor (TIDE) Diagnostic Protocol

042.  Table 56.9  |  PDF p. 403  |  printed p. 356  |  Completed
Table 56.9 Conditions Associated with ID

043.  Table 56.11  |  PDF p. 407  |  printed p. 360  |  Completed
Table 56.11 Severity of Intellectual Disability and Adult-Age Functioning

044.  Table 57.1  |  PDF p. 409  |  printed p. 362  |  Completed
Table 57.1 Chromosomal Trisomies 13 and 18 and Their Clinical Findings

045.  Table 57.2  |  PDF p. 410  |  printed p. 363  |  Completed
Table 57.2 Other Rare Aneuploidies and Partial Autosomal Aneuploidies

046.  Table 57.3  |  PDF p. 413  |  printed p. 366  |  Completed
Table 57.3 Clinical Features of Trisomy 21 in the Neonatal Period

047.  Table 57.6  |  PDF p. 417  |  printed p. 370  |  Completed
Table 57.6 Neurodevelopmental, Neurobehavioral, and Psychiatric Characteristics of Trisomy 21

048.  Table 58.1  |  PDF p. 421  |  printed p. 374  |  Completed
Table 58.1 DSM-5 Diagnostic Criteria for Autism Spectrum Disorder

049.  Table 58.2  |  PDF p. 421  |  printed p. 374  |  Completed
Table 58.2 Associated Features of Autism Not in DSM-5

050.  Table 58.3  |  PDF p. 422  |  printed p. 375  |  Completed
Table 58.3 Signs and Symptoms of Possible Autism in Preschool Children (or Equivalent Mental Age)

051.  Table 58.4  |  PDF p. 423  |  printed p. 376  |  Completed
Table 58.4 DSM-5 Severity Levels for Autism Spectrum Disorder

052.  Table 58.6  |  PDF p. 425  |  printed p. 378  |  Completed
Table 58.6 Syndromes with Autistic-Like Behaviors

053.  Table 58.7  |  PDF p. 425  |  printed p. 378  |  Completed
Table 58.7 Inborn Errors of Metabolism with Autistic-Like

054.  Table 58.8  |  PDF p. 427  |  printed p. 380  |  Completed
Table 58.8 Medical and Genetic Evaluation of Children with Autism Spectrum Disorder

055.  Table 58.10  |  PDF p. 429  |  printed p. 382  |  Completed
Table 58.10 Common Pharmacologic Treatments in Autism Spectrum Disorder (ASD)

056.  Table 59.2  |  PDF p. 431  |  printed p. 384  |  Completed
Table 59.2 Phenotypic and Genetic Effect of Number of CGG Repeats

057.  Table 59.3  |  PDF p. 432  |  printed p. 385  |  Completed
Table 59.3 Clinical Features of Fragile X Syndrome and Premutation Carriers

058.  Table 60.2  |  PDF p. 435  |  printed p. 388  |  Completed
Table 60.2 Acceptable Macronutrient Distribution Ranges

059.  Table 61.1  |  PDF p. 456  |  printed p. 409  |  Completed
Table 61.1 Selected Beneficial Properties of Human Milk

060.  Table 61.2  |  PDF p. 457  |  printed p. 410  |  Completed
Table 61.2 Absolute and Relative Contraindications to Breastfeeding Because of Maternal Health Conditions

061.  Table 61.3  |  PDF p. 457  |  printed p. 410  |  Completed
Table 61.3 Conditions for Which Human Milk May Have a Protective Effect

062.  Table 61.5  |  PDF p. 458  |  printed p. 411  |  Completed
Table 61.5 Recommendations on Breastfeeding Management for Healthy Term Infants

063.  Table 61.6  |  PDF p. 458  |  printed p. 411  |  Completed
Table 61.6 Patterns of Milk Supply

064.  Table 61.7  |  PDF p. 460  |  printed p. 413  |  Completed
Table 61.7 Important Principles for Weaning

065.  Table 61.8  |  PDF p. 461  |  printed p. 414  |  Completed
Table 61.8 Feeding Skills Birth to 36 Months

066.  Table 61.9  |  PDF p. 462  |  printed p. 415  |  Completed
Table 61.9 Suggested Language for Discussing Growth Charts with Families

067.  Table 61.12  |  PDF p. 464  |  printed p. 417  |  Completed
Table 61.12 Responsive Feeding Recommendations

068.  Table 62.2  |  PDF p. 470  |  printed p. 423  |  Completed
Table 62.2 Classification of Undernutrition

Question selection and educational compilation: Dr. Manar Alshawabkeh

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. 320



Table selection log (continued)

069.  Table 62.6  |  PDF p. 473  |  printed p. 426  |  Completed
Table 62.6 Clinical Signs of Malnutrition

070.  Table 62.7  |  PDF p. 475  |  printed p. 428  |  Completed
Table 62.7 Emergency Treatment in Severe Malnutrition

071.  Table 62.8  |  PDF p. 476  |  printed p. 429  |  Completed
Table 62.8 Therapeutic Directives for Stabilization of Malnourished Children

072.  Table 63.1  |  PDF p. 479  |  printed p. 432  |  Completed
Table 63.1 Clinical Signs and Symptoms of Refeeding Syndrome

073.  Table 64.1  |  PDF p. 480  |  printed p. 433  |  Completed
Table 64.1 Comprehensive Malnutrition Indicators

074.  Table 64.2  |  PDF p. 481  |  printed p. 434  |  Completed
Table 64.2 DSM-5 Diagnosis of Avoidant/Restrictive Food Intake Disorder

075.  Table 64.3  |  PDF p. 482  |  printed p. 435  |  Completed
Table 64.3 Approach to Malnutrition Based on Review of Systems

076.  Table 64.4  |  PDF p. 483  |  printed p. 436  |  Completed
Table 64.4 Nutritional Supplements

077.  Table 64.5  |  PDF p. 484  |  printed p. 437  |  Completed
Table 64.5 Calorie Boosters for Oral and Enteral Feeding

078.  Table 65.2  |  PDF p. 491  |  printed p. 444  |  Completed
Table 65.2 Obesity-Associated Comorbidities

079.  Table 65.3  |  PDF p. 492  |  printed p. 445  |  Completed
Table 65.3 Medications Associated with Obesity

080.  Table 65.9  |  PDF p. 497  |  printed p. 450  |  Completed
Table 65.9 Anticipatory Guidance: Establishing Healthy Eating Habits in Children

081.  Table 66.1  |  PDF p. 500  |  printed p. 453  |  Completed
Table 66.1 Vitamin A Characteristics

082.  Table 67.3  |  PDF p. 506  |  printed p. 459  |  Completed
Table 67.3 Suggested Criteria for the Diagnosis of Inherited Thiamine Defects with Prominent Neurologic Involvement

083.  Table 69.2  |  PDF p. 518  |  printed p. 3  |  Completed
Table 69.2 Causes of Rickets

084.  Table 69.3  |  PDF p. 518  |  printed p. 3  |  Completed
Table 69.3 Clinical Features of Rickets

085.  Table 69.5  |  PDF p. 521  |  printed p. 474  |  Completed
Table 69.5 Risk Factors for Nutritional Rickets and Osteomalacia and Their Prevention

086.  Table 73.1  |  PDF p. 536  |  printed p. 489  |  Completed
Table 73.1 Causes of Hypernatremia

087.  Table 73.2  |  PDF p. 539  |  printed p. 492  |  Completed
Table 73.2 Causes of Hyponatremia

088.  Table 73.3  |  PDF p. 539  |  printed p. 492  |  Completed
Table 73.3 Diagnostic Criteria for Syndrome of Inappropriate Antidiuretic Hormone Secretion

089.  Table 73.4  |  PDF p. 543  |  printed p. 496  |  Completed
Table 73.4 Causes of Hyperkalemia

090.  Table 73.5  |  PDF p. 546  |  printed p. 499  |  Completed
Table 73.5 Causes of Hypokalemia

091.  Table 73.7  |  PDF p. 550  |  printed p. 503  |  Completed
Table 73.7 Causes of Hypomagnesemia

092.  Table 73.9  |  PDF p. 553  |  printed p. 506  |  Completed
Table 73.9 Causes of Hypophosphatemia

093.  Table 73.10  |  PDF p. 555  |  printed p. 508  |  Completed
Table 73.10 Causes of Hyperphosphatemia

094.  Table 73.11  |  PDF p. 560  |  printed p. 513  |  Completed
Table 73.11 Appropriate Compensation During Simple Acid-Base Disorders

095.  Table 73.13  |  PDF p. 562  |  printed p. 515  |  Completed
Table 73.13 Causes of Metabolic Acidosis

096.  Table 73.14  |  PDF p. 565  |  printed p. 518  |  Completed
Table 73.14 Causes of Metabolic Alkalosis

097.  Table 73.15  |  PDF p. 569  |  printed p. 522  |  Completed
Table 73.15 Causes of Respiratory Acidosis

098.  Table 73.16  |  PDF p. 571  |  printed p. 524  |  Completed
Table 73.16 Causes of Respiratory Alkalosis

099.  Table 74.1  |  PDF p. 572  |  printed p. 525  |  Completed
Table 74.1 Goals of Maintenance Fluids

100.  Table 74.2  |  PDF p. 573  |  printed p. 526  |  Completed
Table 74.2 Body Weight Method for Calculating Daily Maintenance Fluid Volume

101.  Table 74.3  |  PDF p. 573  |  printed p. 526  |  Completed
Table 74.3 Hourly Maintenance Water Rate

102.  Table 74.4  |  PDF p. 574  |  printed p. 527  |  Completed
Table 74.4 Composition of Intravenous Solutions*

103.  Table 74.5  |  PDF p. 574  |  printed p. 527  |  Completed
Table 74.5 Sources of Water Loss
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104.  Table 74.6  |  PDF p. 575  |  printed p. 528  |  Completed
Table 74.6 Adjustments in Maintenance Water

105.  Table 74.7  |  PDF p. 575  |  printed p. 528  |  Completed
Table 74.7 Replacement Fluid for Diarrhea

106.  Table 74.8  |  PDF p. 575  |  printed p. 528  |  Completed
Table 74.8 Replacement Fluid for Emesis or Nasogastric

107.  Table 74.9  |  PDF p. 575  |  printed p. 528  |  Completed
Table 74.9 Adjusting Fluid Therapy for Altered Renal

108.  Table 75.1  |  PDF p. 576  |  printed p. 529  |  Completed
Table 75.1 Clinical Evaluation of Dehydration

109.  Table 75.2  |  PDF p. 577  |  printed p. 530  |  Completed
Table 75.2 Fluid Management of Dehydration

110.  Table 75.3  |  PDF p. 577  |  printed p. 530  |  Completed
Table 75.3 Monitoring Therapy

111.  Table 78.1  |  PDF p. 596  |  printed p. 549  |  Completed
Table 78.1 Definition of Emergency Severity Index for Children

112.  Table 78.2  |  PDF p. 597  |  printed p. 550  |  Completed
Table 78.2 History and Examination Findings that Should Prompt Immediate Intervention and/or Transfer to Emergency Department

113.  Table 79.1  |  PDF p. 602  |  printed p. 555  |  Completed
Table 79.1 Normal Vital Signs According to Age

114.  Table 79.2  |  PDF p. 602  |  printed p. 555  |  Completed
Table 79.2 AVPU Neurologic Assessment

115.  Table 79.3  |  PDF p. 602  |  printed p. 555  |  Completed
Table 79.3 Modified Pediatric Glasgow Coma Scale

116.  Table 79.4  |  PDF p. 603  |  printed p. 556  |  Completed
Table 79.4 Pupillary Responses

117.  Table 79.6  |  PDF p. 614  |  printed p. 567  |  Completed
Table 79.6 Potentially Reversible Causes of Cardiac Arrest

118.  Table 80.2  |  PDF p. 621  |  printed p. 574  |  Completed
Table 80.2 Differential Diagnosis of Immediately Life-Threatening Cardiopulmonary Injuries

119.  Table 80.3  |  PDF p. 621  |  printed p. 574  |  Completed
Table 80.3 Life-Threatening Chest Injuries

120.  Table 80.4  |  PDF p. 622  |  printed p. 575  |  Completed
Table 80.4 Systemic Responses to Blood Loss in Pediatric Patients

121.  Table 80.5  |  PDF p. 623  |  printed p. 576  |  Completed
Table 80.5 National Emergency X-Radiography Utilization Study (NEXUS) to Rule Out Cervical Spine Injury After Blunt Trauma

122.  Table 80.6  |  PDF p. 624  |  printed p. 577  |  Completed
Table 80.6 Indications for Operation in Thoracic Trauma

123.  Table 80.7  |  PDF p. 625  |  printed p. 578  |  Completed
Table 80.7 Prediction Rule for Identification of Children at Very Low Risk of Clinically Important Brain Injuries After Head Trauma

124.  Table 80.8  |  PDF p. 625  |  printed p. 578  |  Completed
Table 80.8 Prediction Rule for Identification of Children at Very Low Risk of Clinically Important Intraabdominal Injuries After Blunt Trauma

125.  Table 81.1  |  PDF p. 626  |  printed p. 579  |  Completed
Table 81.1 Conditions that Predispose Patients to a

126.  Table 81.2  |  PDF p. 627  |  printed p. 580  |  Completed
Table 81.2 Risk Factors that Preclude Clinical Clearance of the C-Spine

127.  Table 81.3  |  PDF p. 628  |  printed p. 581  |  Completed
Table 81.3 History and Examination Features Allowing for Discrimination of Myelopathy, Radiculopathy, and Peripheral

128.  Table 82.1  |  PDF p. 630  |  printed p. 583  |  Completed
Table 82.1 Commonly Used Coma Scores

129.  Table 83.1  |  PDF p. 638  |  printed p. 2  |  Completed
Table 83.1 Neurologic Examination to Evaluate a Patient for Brain Death

130.  Table 83.2  |  PDF p. 638  |  printed p. 2  |  Completed
Table 83.2 Ancillary Tests for Determining Brain Death

131.  Table 84.1  |  PDF p. 640  |  printed p. 593  |  Completed
Table 84.1 Noncardiac Causes of Syncope

132.  Table 84.2  |  PDF p. 640  |  printed p. 593  |  Completed
Table 84.2 Comparison of Clinical Features of Syncope and Seizures

133.  Table 84.3  |  PDF p. 641  |  printed p. 594  |  Completed
Table 84.3 Syncope and Dizziness

134.  Table 84.4  |  PDF p. 641  |  printed p. 594  |  Completed
Table 84.4 Causes of Cardiovascular Syncope: Potentially Fatal If Unrecognized

135.  Table 84.5  |  PDF p. 642  |  printed p. 595  |  Completed
Table 84.5 Primary Electrical Abnormalities: Features, ECG, and Treatment

136.  Table 84.6  |  PDF p. 642  |  printed p. 595  |  Completed
Table 84.6 Differentiating Features for Causes of Syncope

137.  Table 84.7  |  PDF p. 643  |  printed p. 596  |  Completed
Table 84.7 Red Flags in Evaluation of Patients with Syncope

138.  Table 84.8  |  PDF p. 643  |  printed p. 596  |  Completed
Table 84.8 Treatment of Neurocardiogenic Syncope/Vasovagal Syncope

Question selection and educational compilation: Dr. Manar Alshawabkeh

Source: Nelson Textbook of Pediatrics, 22nd ed., Vol. 1. 322



Table selection log (continued)

139.  Table 84.9  |  PDF p. 646  |  printed p. 599  |  Completed
Table 84.9 First-Line Medications in Treatment of Postural Tachycardia Syndrome

140.  Table 85.1  |  PDF p. 648  |  printed p. 601  |  Completed
Table 85.1 Types of Shock

141.  Table 85.2  |  PDF p. 650  |  printed p. 603  |  Completed
Table 85.2 The Phoenix Sepsis Scorea

142.  Table 85.3  |  PDF p. 651  |  printed p. 604  |  Completed
Table 85.3 Differential Diagnosis of Systemic Inflammatory Response Syndrome (SIRS)

143.  Table 85.4  |  PDF p. 652  |  printed p. 605  |  Completed
Table 85.4 Signs of Decreased Perfusion

144.  Table 85.5  |  PDF p. 653  |  printed p. 606  |  Completed
Table 85.5 Considerations in Management of Hyperferritinemic Sepsis Beyond Usual Diagnostic and Therapeutic Measures

145.  Table 85.6  |  PDF p. 654  |  printed p. 607  |  Completed
Table 85.6 Physical Examination and Selected Laboratory Signs in Shock

146.  Table 85.7  |  PDF p. 657  |  printed p. 610  |  Completed
Table 85.7 Vasoactive Medications to Treat Shock

147.  Table 86.1  |  PDF p. 659  |  printed p. 612  |  Completed
Table 86.1 Typical Localizing Signs for Pulmonary Pathology

148.  Table 86.2  |  PDF p. 660  |  printed p. 613  |  Completed
Table 86.2 Examples of Anatomic Sites of Lesions Causing

149.  Table 86.3  |  PDF p. 660  |  printed p. 613  |  Completed
Table 86.3 Nonpulmonary Causes of Respiratory Distress

150.  Table 86.4  |  PDF p. 661  |  printed p. 614  |  Completed
Table 86.4 Cardiovascular Pathology Manifesting as

151.  Table 86.6  |  PDF p. 662  |  printed p. 615  |  Completed
Table 86.6 Respiratory Patterns in Neurologic Disease

152.  Table 86.7  |  PDF p. 663  |  printed p. 616  |  Completed
Table 86.7 Pediatric Acute Respiratory Distress Syndrome (PARDS 2.0) Definition

153.  Table 86.9  |  PDF p. 665  |  printed p. 618  |  Completed
Table 86.9 Approximate Oxygen Delivery According to Device and Flow Rates

154.  Table 86.11  |  PDF p. 667  |  printed p. 620  |  Completed
Table 86.11 Medications Commonly Used for Intubation

155.  Table 86.12  |  PDF p. 672  |  printed p. 625  |  Completed
Table 86.12 Characteristics of Pressure-Controlled and Volume-Controlled Methods of Ventilation

156.  Table 86.13  |  PDF p. 675  |  printed p. 628  |  Completed
Table 86.13 Suggested Mechanical Ventilation Strategies

157.  Table 87.1  |  PDF p. 677  |  printed p. 631  |  Completed
Table 87.1 2018 Lake Louise Acute Mountain Sickness

158.  Table 87.2  |  PDF p. 679  |  printed p. 633  |  Completed
Table 87.2 Medications for Treatment of Altitude-Associated Illness in Children*

159.  Table 87.3  |  PDF p. 680  |  printed p. 634  |  Completed
Table 87.3 Conditions Associated with Increased Risk of

160.  Table 88.1  |  PDF p. 691  |  printed p. 645  |  Completed
Table 88.1 Approach to Prevention Strategies for Drowning

161.  Table 89.1  |  PDF p. 692  |  printed p. 646  |  Completed
Table 89.1 Burn Prophylaxis

162.  Table 89.2  |  PDF p. 693  |  printed p. 647  |  Completed
Table 89.2 Indications for Referral to a Burn Center

163.  Table 89.3  |  PDF p. 693  |  printed p. 647  |  Completed
Table 89.3 Acute Treatment of Burns

164.  Table 89.4  |  PDF p. 694  |  printed p. 648  |  Completed
Table 89.4 Phases of Burn Care

165.  Table 89.5  |  PDF p. 695  |  printed p. 649  |  Completed
Table 89.5 Categories of Burn Depth

166.  Table 89.7  |  PDF p. 698  |  printed p. 652  |  Completed
Table 89.7 Topical Agents Used for Burns

167.  Table 89.8  |  PDF p. 701  |  printed p. 655  |  Completed
Table 89.8 Common Long-Term Complications and Disabilities in Patients with Burn Injuries

168.  Table 89.9  |  PDF p. 702  |  printed p. 656  |  Completed
Table 89.9 Electrical Injury: Clinical Considerations

169.  Table 90.1  |  PDF p. 704  |  printed p. 658  |  Completed
Table 90.1 Physiologic Characteristics of the Four Zones of Hypothermia

170.  Table 90.2  |  PDF p. 706  |  printed p. 660  |  Completed
Table 90.2 Different Degrees of Frostbite and Their Physiologic Characteristics

171.  Table 91.2  |  PDF p. 711  |  printed p. 665  |  Completed
Table 91.2 The Preanesthetic History

172.  Table 91.3  |  PDF p. 712  |  printed p. 666  |  Completed
Table 91.3 Specific Pediatric Diseases and Their Anesthetic Implications

173.  Table 91.5  |  PDF p. 713  |  printed p. 667  |  Completed
Table 91.5 Common Difficult Airway Syndromes
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174.  Table 92.1  |  PDF p. 722  |  printed p. 676  |  Completed
Table 92.1 Systematic Approach to Sedation in Children

175.  Table 93.1  |  PDF p. 724  |  printed p. 678  |  Completed
Table 93.1 Pain Categories and Characteristics

176.  Table 93.2  |  PDF p. 725  |  printed p. 679  |  Completed
Table 93.2 Pain Measurement Tools

177.  Table 93.3  |  PDF p. 726  |  printed p. 680  |  Completed
Table 93.3 Signs and Symptoms of Pain in Infants and

178.  Table 93.4  |  PDF p. 726  |  printed p. 680  |  Completed
Table 93.4 CRIES Neonatal Pain Assessment Scale

179.  Table 93.5  |  PDF p. 726  |  printed p. 680  |  Completed
Table 93.5 Revised FLACC for Pain Assessment in the Cognitively Impaired

180.  Table 93.6  |  PDF p. 727  |  printed p. 681  |  Completed
Table 93.6 Commonly Used Nonopioid Medications (Antiinflammatory Medications)

181.  Table 93.8  |  PDF p. 730  |  printed p. 684  |  Completed
Table 93.8 Management of Opioid-Induced Adverse Effects

182.  Table 93.10  |  PDF p. 731  |  printed p. 685  |  Completed
Table 93.10 Opioid Use Guidelines in Hepatic and Renal Dysfunction

183.  Table 93.11  |  PDF p. 732  |  printed p. 686  |  Completed
Table 93.11 Practical Aspects of Prescribing Opioids

184.  Table 93.13  |  PDF p. 734  |  printed p. 688  |  Completed
Table 93.13 Summary of FDA Recommendations

185.  Table 93.14  |  PDF p. 734  |  printed p. 688  |  Completed
Table 93.14 Topical Pharmacologic Management of Acute Pain in Children

186.  Table 93.15  |  PDF p. 735  |  printed p. 689  |  Completed
Table 93.15 Commonly Used Adjunctive Analgesics

187.  Table 93.16  |  PDF p. 736  |  printed p. 690  |  Completed
Table 93.16 Medications for Pediatric Chronic Pain

188.  Table 93.17  |  PDF p. 741  |  printed p. 695  |  Completed
Table 93.17 Budapest Criteria for Clinical Diagnosis of Complex Regional Pain Syndrome

189.  Table 93.18  |  PDF p. 741  |  printed p. 695  |  Completed
Table 93.18 Examples of Neuropathic Pain Syndromes

190.  Table 93.19  |  PDF p. 743  |  printed p. 697  |  Completed
Table 93.19 World Health Organization Analgesic Ladder

191.  Table 93.20  |  PDF p. 744  |  printed p. 698  |  Completed
Table 93.20 Clinical Features of Human Disorders Caused by Pathologic Variants in Ion-Channel Genes That Lead to Altered Pain Perception

192.  Table 94.1  |  PDF p. 747  |  printed p. 701  |  Completed
Table 94.1 Common Agents Potentially Toxic to Young Children in Small Doses

193.  Table 94.2  |  PDF p. 748  |  printed p. 702  |  Completed
Table 94.2 Selected Historical and Physical Findings in Poisoning

194.  Table 94.4  |  PDF p. 750  |  printed p. 704  |  Completed
Table 94.4 Mini-Toxidromes

195.  Table 94.5  |  PDF p. 750  |  printed p. 704  |  Completed
Table 94.5 Predicting Toxicity from Vital Signs

196.  Table 94.6  |  PDF p. 751  |  printed p. 705  |  Completed
Table 94.6 Laboratory Clues in Toxicologic Diagnosis

197.  Table 94.7  |  PDF p. 752  |  printed p. 706  |  Completed
Table 94.7 Electrocardiographic Findings in Poisoning

198.  Table 94.9  |  PDF p. 754  |  printed p. 708  |  Completed
Table 94.9 Other Antidotes

199.  Table 94.10  |  PDF p. 754  |  printed p. 708  |  Completed
Table 94.10 Toxins Associated with Systemic Toxicity After Dermal Absorption

200.  Table 94.11  |  PDF p. 755  |  printed p. 709  |  Completed
Table 94.11 Substances Poorly Adsorbed by Activated Charcoal

201.  Table 94.12  |  PDF p. 756  |  printed p. 710  |  Completed
Table 94.12 Classic Stages in Clinical Course of

202.  Table 94.13  |  PDF p. 759  |  printed p. 713  |  Completed
Table 94.13 Clinical Properties of Select Prescription

203.  Table 94.15  |  PDF p. 761  |  printed p. 715  |  Completed
Table 94.15 Clinical Manifestations of Iron Toxicity After Acute Overdose

204.  Table 94.16  |  PDF p. 763  |  printed p. 717  |  Completed
Table 94.16 Drugs Associated with Serotonin Syndrome

205.  Table 94.17  |  PDF p. 764  |  printed p. 718  |  Completed
Table 94.17 Spectrum of Symptoms of Serotonergic Toxicity

206.  Table 94.18  |  PDF p. 764  |  printed p. 718  |  Completed
Table 94.18 Signs and Symptoms of Neuroleptic Malignant Syndrome (NMS)/Serotonin Syndrome/Malignant Hyperthermia

207.  Table 94.19  |  PDF p. 768  |  printed p. 722  |  Completed
Table 94.19 Commonly Ingested Plants with Significant Toxic Potential

208.  Table 94.20  |  PDF p. 769  |  printed p. 723  |  Completed
Table 94.20 Clinical Toxicity of Selected Herbs
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209.  Table 95.2  |  PDF p. 773  |  printed p. 727  |  Completed
Table 95.2 Indications for Single Gene, Gene Panel, Exome, and Genome Sequencing

210.  Table 98.1  |  PDF p. 795  |  printed p. 749  |  Completed
Table 98.1 Approaches for Genetic Testing

211.  Table 98.2  |  PDF p. 797  |  printed p. 751  |  Completed
Table 98.2 Variants That Are Incidental Findings Are Assigned to One of Four Categories

212.  Table 98.3  |  PDF p. 800  |  printed p. 754  |  Completed
Table 98.3 Examples of Effects of Gene Polymorphisms on Drug Response

213.  Table 98.4  |  PDF p. 802  |  printed p. 756  |  Completed
Table 98.4 Indications for Genetic Counseling

214.  Table 99.2  |  PDF p. 809  |  printed p. 763  |  Completed
Table 99.2 Some Abbreviations Used for Description of Chromosomes and Their Abnormalities

215.  Table 99.3  |  PDF p. 812  |  printed p. 766  |  Completed
Table 99.3 Chromosomal Trisomies and Their Clinical Findings*

216.  Table 99.4  |  PDF p. 813  |  printed p. 767  |  Completed
Table 99.4 Common Deletions and Their Clinical

217.  Table 99.6  |  PDF p. 815  |  printed p. 769  |  Completed
Table 99.6 Microduplications and Their Clinical Manifestations

218.  Table 99.7  |  PDF p. 816  |  printed p. 770  |  Completed
Table 99.7 Sex Chromosome Abnormalities

219.  Table 99.8  |  PDF p. 817  |  printed p. 771  |  Completed
Table 99.8 Signs Associated with Turner Syndrome

220.  Table 99.10  |  PDF p. 820  |  printed p. 774  |  Completed
Table 99.10 Chromosome Instability Syndromes

221.  Table 99.11  |  PDF p. 822  |  printed p. 776  |  Completed
Table 99.11 Consensus Diagnostic Criteria for Prader-Willi Syndrome

222.  Table 99.12  |  PDF p. 823  |  printed p. 777  |  Completed
Table 99.12 Nutritional Phases in Prader-Willi Syndrome

223.  Table 99.13  |  PDF p. 823  |  printed p. 777  |  Completed
Table 99.13 Molecular Mechanisms Causing Prader-Willi and Angelman Syndromes

224.  Table 100.1  |  PDF p. 824  |  printed p. 778  |  Completed
Table 100.1 Mechanisms, Terminology, and Definitions of Dysmorphology

225.  Table 100.2  |  PDF p. 826  |  printed p. 780  |  Completed
Table 100.2 Examples of Malformations with Distinct Causes, Clinical Features, and Pathogenesis

226.  Table 100.3  |  PDF p. 827  |  printed p. 781  |  Completed
Table 100.3 Causes of Congenital Malformations

227.  Table 100.4  |  PDF p. 830  |  printed p. 784  |  Completed
Table 100.4 Definitions of Common Clinical Signs of Syndromes with Facial Anomalies

228.  Table 100.5  |  PDF p. 831  |  printed p. 785  |  Completed
Table 100.5 Major Malformations*

229.  Table 100.6  |  PDF p. 831  |  printed p. 785  |  Completed
Table 100.6 Minor Malformations*

230.  Table 100.7  |  PDF p. 832  |  printed p. 786  |  Completed
Table 100.7 Chromosomal Deletion Syndromes

231.  Table 101.1  |  PDF p. 834  |  printed p. 788  |  Completed
Table 101.1 Genes and Features of the RAS/MAPK Pathway

232.  Table 101.2  |  PDF p. 835  |  printed p. 789  |  Completed
Table 101.2 Clinical Findings Associated with Noonan Syndrome

233.  Table 101.3  |  PDF p. 836  |  printed p. 790  |  Completed
Table 101.3 Management of Noonan Syndrome

234.  Table 101.4  |  PDF p. 838  |  printed p. 792  |  Completed
Table 101.4 Childhood Diseases and Syndromes Associated with Motile and Primary/Sensory Ciliopathies

235.  Table 102.1  |  PDF p. 843  |  printed p. 797  |  Completed
Table 102.1 Kabuki Phenotype Scoring List

236.  Table 104.4  |  PDF p. 852  |  printed p. 806  |  Completed
Table 104.4 Select Inborn Errors of Metabolism Associated with Neonatal Hypoglycemia

237.  Table 104.5  |  PDF p. 853  |  printed p. 807  |  Completed
Table 104.5 Differential Diagnosis of Hyperammonemia

238.  Table 104.11  |  PDF p. 856  |  printed p. 810  |  Completed
Table 104.11 Inborn Errors of Amino Acid Metabolism Associated with Peculiar Odor

239.  Table 104.12  |  PDF p. 857  |  printed p. 811  |  Completed
Table 104.12 Clinical Findings That Should Prompt a Metabolic Workup

240.  Table 104.13  |  PDF p. 857  |  printed p. 811  |  Completed
Table 104.13 Laboratory Findings That Should Prompt a Metabolic Workup

241.  Table 105.4  |  PDF p. 895  |  printed p. 849  |  Completed
Table 105.4 The Urea Cycle Disorders

242.  Table 105.5  |  PDF p. 896  |  printed p. 850  |  Completed
Table 105.5 Inborn Errors of Metabolism Causing Hyperammonemia

243.  Table 105.6  |  PDF p. 896  |  printed p. 850  |  Completed
Table 105.6 Treatment of Acute Hyperammonemia in an Infant
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244.  Table 106.2  |  PDF p. 912  |  printed p. 866  |  Completed
Table 106.2 Peroxisomal Disorder Classification, Disorders, and Genes

245.  Table 106.3  |  PDF p. 912  |  printed p. 866  |  Completed
Table 106.3 Abnormal Laboratory Findings Common to Zellweger Spectrum Disorders

246.  Table 106.5  |  PDF p. 915  |  printed p. 869  |  Completed
Table 106.5 Diagnostic Biochemical Abnormalities in Peroxisomal Disorders

247.  Table 106.6  |  PDF p. 920  |  printed p. 874  |  Completed
Table 106.6 Characteristics of the Major Lipoproteins

248.  Table 106.7  |  PDF p. 921  |  printed p. 875  |  Completed
Table 106.7 Hyperlipoproteinemias

249.  Table 106.10  |  PDF p. 926  |  printed p. 880  |  Completed
Table 106.10 Secondary Causes of Hyperlipidemia

250.  Table 106.11  |  PDF p. 927  |  printed p. 881  |  Completed
Table 106.11 Major Clinical Characteristics of Smith-Lemli-Opitz Syndrome

251.  Table 106.12  |  PDF p. 928  |  printed p. 882  |  Completed
Table 106.12 Characteristic Malformations of Internal Organs in Severely Affected Smith-Lemli-Opitz Patients

252.  Table 106.13  |  PDF p. 929  |  printed p. 883  |  Completed
Table 106.13 Drugs Used for the Treatment of Hyperlipidemia

253.  Table 106.14  |  PDF p. 929  |  printed p. 883  |  Completed
Table 106.14 Adverse Effects of Cholesterol-Lowering

254.  Table 106.17  |  PDF p. 939  |  printed p. 893  |  Completed
Table 106.17 Symptoms and Biochemical Signs in Three Clinical Forms of GM1 Gangliosidosis

255.  Table 106.18  |  PDF p. 940  |  printed p. 894  |  Completed
Table 106.18 Summary of Reported Clinical Manifestations in Fabry Patients

256.  Table 106.19  |  PDF p. 941  |  printed p. 895  |  Completed
Table 106.19 Common Misdiagnoses for Fabry Disease

257.  Table 107.2  |  PDF p. 960  |  printed p. 914  |  Completed
Table 107.2 Causes of Type B Lactic Acidosis

258.  Table 107.4  |  PDF p. 965  |  printed p. 919  |  Completed
Table 107.4 Mitochondrial Disease Criteria (Simplified Version for Bedside Use)

259.  Table 107.5  |  PDF p. 966  |  printed p. 920  |  Completed
Table 107.5 Clues to the Diagnosis of Mitochondrial Disease

260.  Table 107.6  |  PDF p. 970  |  printed p. 924  |  Completed
Table 107.6 Clinical and Laboratory Features in Common Congenital Disorders of Glycosylation

261.  Table 107.7  |  PDF p. 973  |  printed p. 927  |  Completed
Table 107.7 Effective Therapies in Congenital Disorders of Glycosylation

262.  Table 108.2  |  PDF p. 980  |  printed p. 934  |  Completed
Table 108.2 Mitochondrial Disease Criteria

263.  Table 108.3  |  PDF p. 981  |  printed p. 935  |  Completed
Table 108.3 Differential Diagnosis of Selected Phenotypes Commonly Associated with Mitochondrial Disease

264.  Table 109.1  |  PDF p. 985  |  printed p. 939  |  Completed
Table 109.1 Recognition Pattern of Mucopolysaccharidoses

265.  Table 110.1  |  PDF p. 991  |  printed p. 945  |  Completed
Table 110.1 Disorders of Purines and Pyrimidines with Specific Treatments

266.  Table 110.3  |  PDF p. 995  |  printed p. 949  |  Completed
Table 110.3 Renal Stones in Disorders of Purines and Pyrimidines

267.  Table 112.2  |  PDF p. 1011  |  printed p. 965  |  Completed
Table 112.2 The Three Most Common Human Porphyrias and Major Features

268.  Table 112.4  |  PDF p. 1015  |  printed p. 969  |  Completed
Table 112.4 Common Presenting Symptoms and Signs of Acute Porphyria

269.  Table 113.1  |  PDF p. 1027  |  printed p. 981  |  Completed
Table 113.1 Manifestations of Hypoglycemia in Childhood

270.  Table 113.2  |  PDF p. 1028  |  printed p. 982  |  Completed
Table 113.2 Clinical Features of Hypoglycemia Disorders

271.  Table 113.3  |  PDF p. 1029  |  printed p. 983  |  Completed
Table 113.3 Classification of Hypoglycemia in Infants and Children

272.  Table 113.4  |  PDF p. 1029  |  printed p. 983  |  Completed
Table 113.4 Endocrine and Metabolic Causes of Hyperinsulinemic Hypoglycemia

273.  Table 113.5  |  PDF p. 1030  |  printed p. 984  |  Completed
Table 113.5 Syndromic Forms of Hyperinsulinemic Hypoglycemia

274.  Table 113.6  |  PDF p. 1031  |  printed p. 985  |  Completed
Table 113.6 Hypoglycemia Diagnostic Evaluation

275.  Table 113.7  |  PDF p. 1033  |  printed p. 987  |  Completed
Table 113.7 Treatments for Hypoglycemia Disorders

276.  Table 113.8  |  PDF p. 1033  |  printed p. 987  |  Completed
Table 113.8 Criteria for Diagnosing Hyperinsulinism and Other Forms of Insulin Excess

277.  Table 113.9  |  PDF p. 1036  |  printed p. 990  |  Completed
Table 113.9 Causes of Ketotic Hypoglycemia in Children

278.  Table 118.1  |  PDF p. 1039  |  printed p. 1029  |  Completed
Table 118.1 Fetal Diagnoses Evaluated and Treated in Fetal Centers
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279.  Table 118.2  |  PDF p. 1039  |  printed p. 1029  |  Completed
Table 118.2 Indications and Rationales for In Utero Surgery on the Fetus, Placenta, Cord, or Membranes

280.  Table 118.3  |  PDF p. 1047  |  printed p. 1037  |  Completed
Table 118.3 Selection of Patients for Fetal Repair

281.  Table 119.1  |  PDF p. 1048  |  printed p. 1038  |  Completed
Table 119.1 Factors in Considering Infants as High Risk for Morbidity or Mortality in the Neonatal Period

282.  Table 119.2  |  PDF p. 1051  |  printed p. 1041  |  Completed
Table 119.2 Characteristic Changes in Monochorionic Twins with Uncompensated Placental Arteriovenous Shunts

283.  Table 119.3  |  PDF p. 1053  |  printed p. 1043  |  Completed
Table 119.3 Identifiable Risk Factors for Preterm Birth

284.  Table 119.6  |  PDF p. 1058  |  printed p. 1048  |  Completed
Table 119.6 Factors Often Associated with Intrauterine

285.  Table 119.7  |  PDF p. 1058  |  printed p. 1048  |  Completed
Table 119.7 Characteristics of Symmetric vs Asymmetric Intrauterine Growth Restriction

286.  Table 119.8  |  PDF p. 1058  |  printed p. 1048  |  Completed
Table 119.8 Problems of Infants Small for Gestational Age or with Intrauterine Growth Restriction

287.  Table 119.9  |  PDF p. 1059  |  printed p. 1049  |  Completed
Table 119.9 Readiness for Discharge of High-Risk Infants

288.  Table 119.10  |  PDF p. 1060  |  printed p. 1050  |  Completed
Table 119.10 Sequelae of Prematurity

289.  Table 121.1  |  PDF p. 1064  |  printed p. 1053  |  Completed
Table 121.1 Common Life-Threatening Congenital Anomalies

290.  Table 121.2  |  PDF p. 1065  |  printed p. 1054  |  Completed
Table 121.2 Differential Diagnosis of Cyanosis in the Newborn

291.  Table 122.3  |  PDF p. 1072  |  printed p. 1061  |  Completed
Table 122.3 Ultrasound Diagnosis of Periventricular Leukomalacia

292.  Table 122.5  |  PDF p. 1073  |  printed p. 1062  |  Completed
Table 122.5 Multiorgan Systemic Effects of Asphyxia

293.  Table 122.6  |  PDF p. 1074  |  printed p. 1063  |  Completed
Table 122.6 Topography of Brain Injury in Term Infants with Hypoxic-Ischemic Encephalopathy and Clinical Correlates

294.  Table 122.8  |  PDF p. 1075  |  printed p. 1064  |  Completed
Table 122.8 Hypoxic-Ischemic Encephalopathy in Term Infants

295.  Table 122.9  |  PDF p. 1077  |  printed p. 1066  |  Completed
Table 122.9 Major Aspects of MRI in Diagnosis of Hypoxic-Ischemic Encephalopathy in the Term Infant

296.  Table 122.10  |  PDF p. 1077  |  printed p. 1066  |  Completed
Table 122.10 Value of Electroencephalography in Assessment of Asphyxiated Term Infants

297.  Table 122.11  |  PDF p. 1078  |  printed p. 1067  |  Completed
Table 122.11 Electroencephalographic Patterns of Prognostic Significance in Asphyxiated Term Infants

298.  Table 125.1  |  PDF p. 1086  |  printed p. 1075  |  Completed
Table 125.1 Potential Causes of Neonatal Apnea and Bradycardia

299.  Table 130.1  |  PDF p. 1103  |  printed p. 1092  |  Completed
Table 130.1 Etiology of Persistent Pulmonary Hypertension of the Newborn in Neonates

300.  Table 136.1  |  PDF p. 1116  |  printed p. 1104  |  Completed
Table 136.1 Signs and Symptoms Associated with Necrotizing Enterocolitis
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