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CLINICAL PRACTICE GUIDELINE

Pediatric Obesity—Assessment, Treatment,
and Prevention: An Endocrine Society
Clinical Practice Guideline
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Pennsylvania 15224; *University of Wisconsin, Madison, Wisconsin 53732; “University of Cambridge;
Cambridge CB2 0QQ, United Kingdom; *Mayo Clinic, Rochester, Minnesata 55905; EUni\.fe-rsity of Florida,
Gainesville, Florida 32607; and “National Institutes of Health, Bethesda, Maryland 20892

Cosponsoring Associations: The European Society of Endocrinology and the Pediatric Endocrine
Society. This guideline was funded by the Endocrine Society.

Obijective: To formulate clinical practice guidelines for the assessment, treatment, and prevention of
pediatric obesity.

Participants: The participants include an Endocrine Society-appointed Task Force of 6 experts, a
methodologist, and a medical writer.

Evidence: This evidence-based guideline was developed using the Grading of Recommendations,
Assessment, Development, and Evaluation approach to describe the strength of recommendations
and the guality of evidence. The Task Force commissioned 2 systematic reviews and used the best
available evidence from other published systemnatic reviews and individual studies.

Consensus Process: One group meeting, several conference calls, and e-mail communications
enabled consensus. Endocrine Society committees and members and co-sponsoring organizations
reviewed and commented on preliminary drafts of this guideline.

Conclusion: Pediatric obesity remains an ongoing serious international health concern affecting
~17% of US children and adolescents, threatening their adult health and longevity. Pediatric obesity
has its basis in genetic susceptibilities influenced by a permissive environment starting in utero and
extending through childhood and adolescence. Endocrine etiologies for obesity are rare and usually
are accompanied by attenuated growth patterns. Pediatric comorbidities are common and long-term
health complications often result; screening for comorbidities of obesity should be applied in a
hierarchal, logical manner for early identification before more serious complications result. Genetic
screening for rare syndromes is indicated only in the presence of specific historical or physical features.
The psychological toll of pediatric obesity on the individual and family necessitates screening for
mental health issues and counseling as indicated. The prevention of pediatric obesity by promoting
healthful diet, activity, and environment should be a primary goal, as achieving effective, long-lasting
results with lifestyle modification once obesity occurs is difficult. Although some behavioral and
pharmacotherapy studies report modest success, additional research into accessible and effective
methods for preventing and treating pediatric obesity is needed. The use of weight loss medications
during childhood and adolescence should be restricted to clinical trials, Increasing evidence
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demonstrates the effectiveness of bariatric surgery in the most seriously affected mature teenagers who
have failed lifestyle modification, but the use of surgery requires experienced teams with resources for
long-term follow-up. Adolescents undergaing lifestyle therapy, medication regimens, or bariatric surgery
for obesity will need cohesive planning to help them effectively transition to adult care, with continued
necessary monitoring, support, and intervention. Transition programs for obesity are an uncharted area
requiring further research for efficacy. Despite a significant increase in research on pediatric obesity since
the initial publication of these guidelines 8 years ago, further study is needed of the genetic and biological
factors that increase the risk of weight gain and influence the response to therapeutic interventions. Also
needed are more studies to better understand the genetic and biological factors that cause an obese
individual to manifest one comorbidity vs another or to be free of comorbidities. Furthermore, continued
investigation into the most effective methods of preventing and treating obesity and into methods for
changing environmental and economic factors that will lead to worldwide cultural changes in diet and
activity should be priorities. Particular attention to determining ways to effect systemic changes in food
environments and total daily mobility, as well as methods for sustaining healthy body mass index changes,

is of importance. (/ Clin Endocrinol Metab 102: 709-757, 2017)

Summary of Recommendations

1.0 Diagnosing overweight and obesity

1.1

1,2

1.3

1.4

1.6

We recommend using body mass index (BMI) and
the Centers for Disease Control and Prevention
(CDC) normative BMI percentiles to diagnose
overweight or obesity in children and adolescents
=2 years of age. (15250)

We recommend diagnosing a child or adoles-
cent >2 years of age as overweight if the BMI
is =85th percentile but <95th percentile for age
and sex, as obese if the BMI is =95th percentile,
and as extremely obese if the BMIis =120% of the
95th percentile or =35 kg/m? (1las00). We
suggest that clinicians take into account that
variations in BMI correlate differently to comorbidities
according to racefethnicity and that increased muscle
mass increases BML (2I5000)

We suggest calculating, plorting, and reviewing a
child’s or adolescent’s BMI percentile at least
annually during well-child and/or sick-child visits.
{Ungraded Good Practice Statement)

We suggest that a child <2 years of age be di-
agnosed as obese if the sex-specific weight for
recumbent length is =97.7th percentile on the
World Health Organization (WHQ) charts, as US
and international pediatric groups accept this
method as valid. (218000)

5 We recommend against routine laboratory eval-

uarions for endocrine etiologies of pediatric obe-
sity unless the patient’s stature andfor height
velocity are attenuated (assessed in relationship
to genetic/familial potential and pubertal stage).
(lzes0)

We recommend that children or adolescents with a
BMI of =85th percentile be evaluated for potential
comorbidities (see Table 2 and Fig. 1). (1i&h&40)

LT

We recommend against measuring insulin con-
centrations when evaluating children or adoles-
cents for obesity. (1i&@50)

2.0 Genetic obesity syndromes

2.1

We suggest genetic testing in patients with extreme
early onset obesity (before 5 years of age) and that
have clinical features of genetic obesity syndromes
(in particular extreme hyperphagia) and/or
a family history of extreme obesity. (2I300)

3.0 Prevention of obesity

3.1

3.2

We suggest that clinicians promote and parrici-

pate in the ongoing healthy dietary and activity

educarion of children and adolescents, parents,

and communities, and encourage schools to

provide adequate education abourt healthy eating

(1). (2I8000)

We recommend that clinicians prescribe and

support healthy eating habits such as:

¢ avoiding the consumption of calorie-dense,
nutrient-poor foods (e.g., sugar-sweetened
beverages, sports drinks, fruit drinks, most
“fast foods™ or those with added rable sugar,
high-fructose corn syrup, high-fat or high-
sodium processed foods, and calorie-dense
snacks)

e encouraging the consumption of whole fruits
rather than fruit juices. (112200)

We recommend that children and adolescents
engage in at least 20 minutes, optimally 60
minutes, of vigorous physical activity ar least
5 days per week to improve metabolic health
and reduce the likelihood of developing obesity.
(12800)
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3.4 We suggest fostering healthy sleep patterns in

3.8

3.9

3.10

children and adolescents to decrease the likeli-
hood of developing obesity due to changes in
caloric intake and metabolism related to disor-

dered sleep. (2i=5£00)

5 We recommend balancing unavoidable technology-

related screen time in children and adolescents
with increased opportunities for physical ac-
tivity. (1Ea00)

We suggest that a clinician’s obesity prevention
efforts enlist the entire family rather than only the
individual patient. (2i2000)

We suggest that clinicians assess family funetion
and make appropriate referrals to address family
stressors to decrease the development of obesity.
(2l:®00)

We suggest using school-based programs and
community engagement in pediatric obesity
prevention. (2i&300)

We recommend using comprehensive behavior-
changing interventions to prevent obesity. Such
programs would be integrated with school- or
community-based programs to reach the widest
audience. (11200)

We recommend breast-feeding in infants based
on numerous health benefits. However, we can
only suggest breast-feeding for the prevention of
obesity, as evidence supporting the association
berween breast-feeding and subsequent obesity is
inconsistent. (2/GEOO0)

4.0 Treating obesity

Lifestyle: general considerations

4.1

4.2

We recommend that clinicians prescribe and

support intensive, age-appropriate, culturally

sensitive, family-centered lifestyle modifications

(dietary, physical activity, behavioral) to pro-

mote a decrease in BMI. (1 &a50)

We recommend that clinicians prescribe and sup-

port healthy eating habits in accordance with the

following guidelines of the American Academy of

Pediatrics and the US Department of Agriculture:

o decreased consumption of fast foods

* decreased consumption of added table sugar
and elimination of sugar-sweetened beverages

* decreased consumption of high-fructose corn
syrup and improved labeling of foods con-
taining high-fructose corn syrup

e decreased consumpton of high-far, high-
sodium, or processed foods

e consumption of whole fruit rather than fruit
juices

4.3

4.4

4.6

4.7

-

4.8

4.9
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¢ portion control education

¢ reduced saturated dietary fat intake for chil-
dren and adolescents =2 vears of age

e [JS Department of Agriculture recommended
intake of dietary fiber, fruits, and vegetables

* timely, regular meals, and avoiding constant
“grazing” during the day, especially after
school and after supper

® recognizing eating cues in the child’s or ado-
lescent’s environment, such as boredom,
stress, loneliness, or screen time

¢ encouraging single portion packaging and
improved food labeling for easier use by con-
sumers. (Ungraded Good Pracrice Statement)

We recommend that clinicians prescribe and
support the reduction of inactivity and also a
minimum of 20 minutes of moderate to vigorous
physical activity daily, with a goal of 60 min-
utes, all in the context of a calorie-controlled
diet. (1l&&00)

We suggest that clinicians encourage and support
patients to limit nonacademic screen time to 1 to
2 hours per day and decrease other sedentary
behaviors, such as digital activities. (21£000)

5 We suggest that the health care team identify

maladaptive rearing patterns related to diet and
acrivity and educate families abour healthy food
and exercise habits. (21£0C0)

We suggest that the health care team probe for
and diagnose unhealthy intrafamily communi-
cation patterns and support rearing patterns that
seek to enhance the child’s or adolescent’s self-
esteem. (2 E000)

We suggest that the health care team evaluare for
psychosocial comorbidities and prescribe as-
sessment and counseling when psychosocial
problems are suspected. (2l2000)

We suggest pharmacotherapy for children or
adolescents with obesity only after a formal
program of intensive lifestyle modification has
failed to limit weight gain or to ameliorate
comorbidities (2 &000). We recommend against
using obesity medications in children and ado-
lescents <16 years of age who are overweight
but not obese, except in the context of clinical
trials. (15000)

We suggest that Food and Drug Administration
(FDA)-approved pharmacotherapy for obesity
be administered only with a concomitant lifestyle
modification program of the highest intensity
available and only by clinicians who are expe-
rienced in the use of anti-obesity agents and are

1
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aware of the potential for adverse reactions.

(2lBC00)

4.10 We suggest that clinicians should discontinue
medication and reevaluate the patient if the pa-
tient does not have a >4% BMIBMI z score
reduction after taking antiobesity medicanion for
12 weeks at the medication’s full dosage.
(2pO00)

4.11 We suggest bariatric surgery only under the
following conditions:

e the patient has attained Tanner 4 or 5 pubertal
development and final or near-final adulr
height, the patient has a BMI of >40 kg/m* or
has a BMI of >35 kg/m? and significant,
extreme comorbidities

e extreme obesity and comorbidities persist despite
compliance with a formal program of lifestvle
modification, with or without pharmacotherapy

e psychological evaluation confirms the stabil-
ity and competence of the family unit [psy-
chological distress due to impaired quality of
live (QOL) from obesity may be present, but
the patient does not have an underlying un-
treated psychiatric illness]

* the patient demonstrates the ability to adhere
to the principles of healthy dietary and activity
habits

e there is access to an experienced surgeon in a
pediatric bariatric surgery center of excellence
that provides the necessary infrastructure for
patient care, including a team capable of long-
term follow-up of the metabolic and psycho-
social needs of the patient and fanuly.
(218800)

4.12 We suggest against bariatric surgery in pre-
adolescent children, pregnant or breast-feeding
adolescents (and those planning to become
pregnant within 2 vears of surgery), and in any
patient who has not mastered the principles of
healthy dietary and activity habits and/or has an
unresolved substance abuse, eating disorder, or
untreated psychiatric disorder. (212000)

Method of Development of Evidence-Based
Clinical Practice Guidelines

The Clinical Guidelines Subcommittee of the Endocrine Society
deemed prevention and treatrment of pediatric obesity a priority
area in need of practice guidelines and appointed a Task Force
to formulate evidence-based recommendations. The Task Force
followed the approach recommended by the Grading of
Recommendations, Assessment, Development, and Evalua-
tion group, an international group with expertise in the

J Clin Endocrinol Metab, March 2017, 102(3):709-757

development and implementation of evidence-based guide-
lines (2). A detailed description of the grading scheme has
been published elsewhere (3). The Task Force used the best
available research evidence to develop the recommendations.
The Task Force also used consistent language and graphical
descriptions of both the strength of a recommendation and
the quality of evidence. In rerms of the strength of a rec-
ommiendation, strong recommendations use the phrase “we
recommend” and the number 1, and weak recommendations
ue the phrase “we snggest” and the number 2. Cross-filled
circles indicate rhe quality of the evidence, such that OO0
denotes very low gquality evidence; 500, low quality;
#@@e0, moderate quality; and B®@&3, high quality. The
Task Force has confidence that persons who receive care
according to the strong recommendations will derive, on
average, more good than harm. Weak recommendations re-
quire more careful consideration of the person’s circumstances,
values, and preferences to derermine the best course of acrion.
Linked to each recommendation is a description of the evidence
and the values thar the Task Force considered in making the
recommendatiofi; In SOmé instances, there are remarks, a sec-
tion in which the Task Force offers technical suggestions for
testing conditions, dosing, and monitoring. These technical
comments reflect the best available evidence applied to a typical
person being treated. Often this evidence comes from the un-
systematic observations of the Task Force and their values and
preferences; therefore, one should consider these remarks as
suggestions.

In this guideline, the Task Force made several statements
to emphasize the importance of shared decision making,
general preventive care measures, and basic principles of
pediatric obesity prevention and treatment. They labeled
these as “Ungraded Good Practice Statement.” Direct evi-
dence for these statements was either unavailable or not
systemarically appraised, and thus considered out of the
scope of this guideline. The intention of these statements 1s to
draw attention and remind providers of these principles; one
should not consider these statements as graded recommen-
dations (4).

The Endocrine Society maintains a rigorous conflict-of-
interest review process for developing clinical practice
guidelines. All Task Force members must declare any po-
tential conflicts of interest by completing a conflict-of-
interest form. The Clinical Guidelines Subcommittee
reviews all conflicts of interest before the Sociery’s Council
approves the members to participate on the Task Force and
periodically during the development of the guideline. All
others participating in the guideline’s development must
also disclose any conflicts of interest in the matter under
study, and most of these participants must be withour any
conflicts of interest. The Clinical Guidelines Subcommittee
and the Task Force have reviewed all disclosures for this
guideline and resolved or managed all identified conflicts of
interest.

Conflicts of interest are defined as remuneration in any
amount from commiercial interests; grants; research support;
consulting fees; salary; ownership interests [e.g., stocks and
stock oprions (excluding diversified mutual funds)]: honoraria
and other payments for participation in speakers’ bureaus,
advisory boards, or boards of directors; and all other financial
benefits. Completed forms are available through the Endocrine
Society office.
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The Endocrine Society provided the funding for this
guideline; the Task Force received no funding or remuneration
from commercial or other entities.

Commissioned Systematic Review

The Task Force commissioned 2 systematic reviews to
support this guideline [Treatments of Pediatric Obe-
sity: An Umbrella Systematic Review (5); The Associ-
ation of Weight Loss and Cardiometabolic Outcomes
in Obese Children: Systematic Review and Meta-
Regression (6)]. The first was an umbrella review of
randomized controlled trials (RCTs) that had a
duration =6 months and evaluated medication, sur-
gery, lifestyle, or community-based interventions in
overweight or obese children or adolescents. The
purpose of this review was to estimate the effectiveness
of these interventions and to rate the quality of sup-
porting evidence. This review summarized data from
133 RCTs enrolling 30,443 parients and provided an

evidence profile for each intervention. The second

was a study-level meta-regression that identified changes
in BMI associated with cardiometabolic changes (lipid
panel, liver function tests, systolic blood pressure, di-
astolic blood pressure, hemoglobin Alc (HbAlc), and
fasting blood glucose) in pediatric overweight and obese
subjects.

The Problem With Obesity

Pediatric obesity is a persistent, epidemic, international
problem, and preventing pediatric obesity and its
comorbidities is of paramount importance. Treating
children or adolescents is difficult and requires changes
in diet, activity, and environment. Intensive lifestyle
interventions, contacting both patient and family art least
monthly (and weekly if possible) for the first 3 months, and
providing dietary and nutritional education, a physical
activity prescription, and behavioral therapy are poorly
reimbursed, which often impedes these services. Addi-
tionally, there is inadequate national and international
recognition of the value of addressing global obesity
prevention and treatment, and we must work with key
policymakers to improve this. Elevated BMI among US
children and adolescents 6 to 19 years of age is associated
with 1.4 billion dollars of additional health care dollars
for outpatient visits and other health care expenditures
compared with children and adolescents with normal
BMIs (7). The Brookings Institution predicted that if all
12.7 million US children and adolescents with obesity
became obese adults, the individual average cost would
be >$92.000, and the societal costs during their lifetimes
might be >5$1.1 trillion (8).

press.endocrine.org/fjournalicem 713

1.0 Diagnosing overweight and obesity

1.1 We recommend using BMI and the CDC nor-
mative BMI percentiles to diagnose overweight or
obesity in children and adolescents =2 vears of
age. (ll2&20)

1.2 We recommend diagnosing a child or adoles-
cent >2 years of age as overweight if the BMI
is =85th percentile bur <<95th percentile for age
and sex, as obese if the BMI is =95th percentile,
and as extremely obese if the BMI is =120% of the
95th percentle or =35 kg/m® (12&00). We
suggest that clinicians take into account that
variations in BMI correlate differently to comor-
bidities according to racelethnicity and thar in-
creased muscle mass increases BMI. (21&000)

1.3 We suggest calculating, plotting, and reviewing
a child’s or adolescent’s BMI percentile art least
annually during well-child and/or sick-child visits.
(Ungraded Good Practice Statement)

1.4 We suggest that a child <2 years of age be di-
agnosed as obese if the sex-specific weight for
recumbent length is =97.7th percentile on the
WHO charts, as US and international pediatric
groups accept this method as valid. (2i2000)

Definitions

Children and adolescents =2 years of age are diag-
nosed as overweight if the BMI is =85th percentile
but <95th percentile and obese if the BMI is =95th
percentile for age and gender on the revised 2000 CDC
charts. A child <2 years of age is obese if the weight
for recumbent length 15 =97.7th percentile of WHO
growth standards (9). Extreme obesity is defined as a
BMI =120% of the 95th percentile or =35 kg/m* (10). A
recent proposal suggests redefining this state as class 2
obesity, as it relates to the definition of class 2 obesity in
adults; class 3 pediatric obesity is proposed (but not yet
fully accepted) to be BMI =140% of the 95th percentile
or =40 kg/m?, as this is considered to represent an even
higher risk group. Class 2 and class 3 obesity are in-
creasing significantly in girls of all ages, most clearly
berween 6 and 11 years of age, and in boys berween 12
and 19 vears of age with a nonsignificant trend in
boys <12 years of age (11).

Evidence

The CDC BMI charts (12) are the accepted standards
for US children and adolescents =2 vyears of age and
provide a means for determining changes in pediatric
obesity prevalence. The US Preventive Services Task Force
found that the BMI of children and adolescents correlates
reasonably well to percentile rankings of percent body fat
measured by more direct methods (13). However, BMI
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cannot differentiate muscle from adipose tissue, and
thus cannot differentiate berween excess adipose tissue
and increased lean muscle mass when classifying a child
or adolescent as overweight or obese. Pediatric racial/
ethnic differences in the percentage of far at a specific
BMI further complicate BMI measures; for example,
non-Hispanic black children and adolescents have a
lower percentage body fat than do comparable non-
Hispanic whites or Mexican Americans at the same
BMI, and they are less likely to have high adiposity (14).
Additionally, Singapore Chinese adolescents have a
higher percentage fat at the same BMI than do white
comparison groups (13). Furthermore, in the 1999-2002
National Health and Nutrition Examination Survey
obese male Hispanic adolescents had a higher risk of
heparic steatosis than did girls and other ethnic
groups, indicating the limits of BMI alone as a risk
factor (16). A systematic review found differences in
regional mass and body composition in adults between
race/ethnic groups when BMI and height are held
constant and further differences within the same
gender and race/ethnic group by age (17). Therefore,
although we do recommend using BMI in clinical prac-
tice, it is not an infallible indicator of overweight or
obesity. Clinicians should consult endocrinologists when
questions arise.

The prevalence of pediatric overweight and obesity
in all racial and ethnic groups increased between the
1960s and 1970s until about 2000 when it leveled off in
most groups (Table 1). As of 2014, the prevalence of
obesity in subjects 2 to 19 vears old 1s 17%. The reason
17% of the population is above the 95th percentile for
age is that the CDC only uses weight data prior to 1980
(using NHANES 1II data) for ages >6 years (before the
obesity epidemic developed) and uses height data up to
the end of 1994 (the end of NHANES III data collection)
for the stature charts. Some recent dara suggest a de-
crease in the prevalence of overweight and obesity in
children <5 years of age, but the durability of this
potential decline remains unknown. This trend may be
explained by the oversampling of Asian preschoolers in
that particular dataset; these children had a lower
overall BMIL.

Different racial and ethnic populations demonstrate
differences in the prevalence of obesity and overweight
and in the trajectory of change during the last decades
(Table 1). Thus, using these BMI definitions may un-
derestimate risk to the health of pediatric Asian patients.
Furthermore, a recent mera-analysis including 53,521
patients berween a mean age of 4 to 18 years demon-
strated that using these BMI cutoffs led to a specificity
of 0.93 but a sensitivity of only 0.73 when compared
with reference standard methods for measuring body

J Clin Endocrinol Metab, March 2017, 102(3):702-757

adiposity, such as dual energy X-ray absorptiometry,
hydrostatic weighing, air-displacement plethysmogra-
phy. isotope dilution, bioelectrical impedance analysis,
and skin-fold thickness measurements. This suggests that
most children and adolescents diagnosed as obese by BMI
do indeed have excess fat, but that a normal BMI is
compatible with excess body fat in ~25% of subjects
(22). Clinical judgment must augment the definitions of
obesity based on BMI alone to determine which children
or adolescents are actually overfat.

The odds ratio of adult obesity increases for obese
adolescents as they approach 18 years of age. The odds
ratio of adult obesity rises progressively with the number
of parents who are obese, but the greatest predictive effect
of parent obesity is found in infancy regardless of the
infant’s weight (23). Determining overweight or obesity
m young children may also help identify which in-
dividuals are most likely to become overweight or obese
in adulthood. There is an increase in BMI in the first year
followed by a fall and then a second rise in BMIat about 6
years of age (termed the adiposity rebound); an early BMI
rebound before 5 years of age carries a higher risk for
adult obesity. Recent analysis suggests that BMI (or
possibly just height) at 7 vears of age may provide equally
robust predictive ability (24). Longitudinal data from
7738 partcipants from the National Center for Educa-
tional Statistics, Early Childhood Longitudinal Study,
Kindergarten Class of 1998-1999 demonstrated the
greatest incidence (new onset) of obesity and overweight
between the first to third grades; furthermore, there
was a fourfold higher risk for obesity at age 14 years in
the subjects overweight in kindergarten. These data
support a focus on prevention before 9 years of age (25).
However, a longitudinal study of 4884 subjects from the
National Longitudinal Survey of Youth, the Population
Study of Income Dynamics, and the National Health
and Nurrition Evaluarion Surveys demonstrated that
screening for obesity ar 5 years of age would miss 50%
of those who became obese by 18 years of age, whereas
screening at 15 years of age would miss only 9%; the
authors recommend using universal prevention methods
instituted at a young age and continuing through child-
hood and adolescence, rather than focusing only on
overweight young children (26). These contrasting study
conclusions demonstrate a continued need for research
into childhood prediction of obesity.

Values and preferences

The Task Force placed a high value on the ease of
calculating BMT and familiariry with this measure among
providers and patients over other limitations of using
BMI. BMI currently is the most reasonable measure
for evaluating overweight and obesity, guiding proper
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Table 1. Prevalence of Pediatric Overweight and Obesity in the United States
Obesity Combined Overweight and Obesity
Age 1963-1970  1999-2000 2004 2011-2014  1999-2000 2003-2004 2011-2012
0-23 mo 7.20% 11.60% 8.10%
2-5y 5 10.50% 13.90% 8.90% 22.0% 26.50% 22.80%
6-11y 4.20% 15.30% 18.80% 17.50% 29.8% 37.20% 34.20%
12-19 y 4.60% 15.50% 17.40% 20.50% 30.0% 34.30% 34.50%
2-19y 13.9% 17.1% 17.0% 28.2% 33.60% 31.80%
12-19 y by race Hispanic 21.80% 433 34.3% 38.1
Boys 22.4 43.6 37.3% 39.6%
Girls 2214 429 31.1% 36.5%
African American 19.50% 395 36.5% 39.8%
Boys 18.40% 356 31.4% 37.3%
Girls 20.70% 43.7 42 1% 125%
White 14.70% 26.2 34.7% 31.2%
Boys 14.30% 27.4 38.70% 31.5%
Girls 15.10% 24.8 30.4% 31.0%
Asian 8.60% — — 24.6%
Boys 11.80% — — 33.9%
Girls 5.30% — —_ 15.0%
All 16.90% 30.0 34.30% 34.5%
Boys 16.90% 30.0 36.8% 35.1%
Girls 17.10% 30.0 31.70% 33.8%

Years of study for all ethnicities are noted under the column headings “Obesity” and “Cornbined Overweight and Obesity.” [Derived from Ogden efal.,
2015 (18), Hedley et al., 2004 (13), Ogden et al, 2014 (20), and Ogden et &/, 2002 (21)]

management, and determining the need for specialist
referral (when values nse toward the extreme). The utlicy
of predicting adult obesity and comorbidities from
childhood and adolescent BMI calculations may be
somewhat limited, supporting a universal prevention
approach to obesity that begins in early childhood.

1.5 We recommend against routine laborarory eval-
uations for endocrine etiologies of pediatric obe-
sity unless the patient’s stature and/or height
velocity are attenuated (assessed in relationship to
genetic/familial potential and pubertal stage).
(lseaQ)

Evidence

Endocrine and syndromic disorders as a cause of
overwelght/obesity are rare in children and adolescents
and are associated with additional symptoms (26). The
distinguishing feature of endocrine causes of obesity, such
as growth hormone (GH) deficiency, hypothyroidism, or
Cushing syndrome, is that stature and height velocity are
decreased, whereas a normal or increased growth rate
generally excludes endocrine causes. However, Albright
hereditary osteodystrophy/pseudohypoparathyroidism,
although associated with short stature in adolescence,
may be associated with increased growth velocity in the
first 2 to 3 vears of life. Pediatric overweight/obesity
is also associated with earlier breast development,
pubarche, and menarche in girls, and advanced skeletal

development in boys that will lead to increased growth
rate (27-30). The evidence 1s stronger in girls than boys
because a subgroup of boys with obesity exhibit delayed
testicular development (31). Thus, clinicians should not
test for endocrine causes of obesity unless the patient is
short relative to genetic potential and has decreased
growth velocity against the backdrop of continued weight
gain (26, 32).

This rule is not inviolable, however, as acquired hy-
pothalamic obesity is a syndrome of intractable weight
gain caused by hypothalamic damage from a tumor or its
rreatment with surgery or radiotherapy (33). Such pa-
nents may have adequate growth velocity even when GH
deficient but have tumor-related signs and symptoms or
have already undergone tumor treatment.

Values and preferences

The Task Force placed a high value on limiting endocrine
assessments for the etiology of pediatric overweight or
obesity to those rare patients who are obese and short or
with decreased height velocity and placed a low value on the
unnecessary diagnostic endocrine laboratory screening of
children and adolescents who are obese without other signs
or symptoms or contributory neurosurgical history.

Remarks

Clinicians can determine a deceleration in height velocity
(as needed to account for the stage of puberty) either by
using a height velocity (34) curve normalized for age and/or
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stage of puberty or by observing that the patient is crossing
height percentile curves downward on the standardized
height attainment charts (12) for average-maturing, early-
maturing, and late-maturing children (35). Clinicians
should refer maturing children who are obese with short
stature and decreased growth velocity despite continued
weight gain to a pediatric endocrinologist, as these patients
may have an endocrinopathy.

1.6 We recommend that children or adolescents with a
BMI =85th percentile be evaluated for potential
comorbidities (see Table 2 and Fig. 1). (1l2@00)

1.7 We recommend against measuring insulin con-
centrations when evaluating children or adoles-
cents for obesity. (11E240)

Evidence

Pediatric overweight and obesity is associated with
substantial comerbidites, including prediabetes/type 2
diabetes mellitus (T2DM); dyslipidemia; prehypertension/
hypertension; sleep apnea; nonalcoholic fatty liver
disease (NAFLD); proteinuria and focal segmental
glomerulosclerosis; early subclinical atherosclerosis;
hyperandrogenemia/polycystic ovary syndrome (PCOS);
slipped capital femoral epiphysis and pseudotumor cerebri
(36-42); and cardiovascular disease (CVD) morbidity, and
premarure mortality in adulthood (43-47). The grearer the
severity of obesity, the higher the risks of cardiometabolic
risk factors, particularly among boys (11). Importantly, the
risks of CVD outcomes among children and adolescents
who were obese and became nonobese by adulthood appear
similar to those who were never obese (46). Thus, clinicians
should carefully examine medical and family histories and
laboratory assessments of children and adolescents who are
overweight or obese to identify comorbidities early and
initiate appropriate management.

Values and preferences

The Task Force placed a high value on identifying
adiposity-related complications and screening for
comorbidities because of their high prevalence and
their association with morbidity and mortality. The
Task Force also placed a high value on reducing un-
necessary testing and evaluation, such as the routine
measurements of fasting insulin, because of lack of
scientific evidence for its usefulness in clinical practice
by general providers.

Remarks

A thorough medical and family history is crucial for
assessing obese youths, because obesity and associated
comorbidities may be asymptomatic/subclinical but have
familial tendencies. The family history should encompass

J Clin Endocrinol Metab, March 2017, 102(3):708-757

obesity; bariatric surgery (typically not revealed by
families unless specifically asked); T2DM; gestarional
diabetes; dyslipidemia; hypertension; NAFLD; cirrhosis;
sleep apnea and use of continuous positive airway
pressure; premature CVD events/deaths (such as heart
attacks or strokes); and (in women) infertility, PCOS, or
hyperandrogenism-associated signs and symptoms. Cli-
nicians should assess the presence of polyuria/polydipsia,
blurry vision, fungal vaginitis/discharge in girls, and
unexplained weight loss, all of which could be indicarive
of hyperglycemia. Clinicians should also look for the
presence of frequent unexplained headaches, which raise
the possibility of hypertension or sleep apnea; habitual
snoring, restless sleep, morning headaches, generalized
tiredness, and/or excessive daytime sleepiness, as well as
hyperactive inattentive behavior in young children as
manifestations of sleep apnea (48); gastrointestinal dis-
comfort as a manifestation of NAFLD (39); musculo-
skeleral symproms (49); and (in puberral girls) acne,
hirsutism (including the recent use of hair removal
technigues that would mask the degree of hirsutism at the
time of the examination), and onset and pattern of menses
1o screen for the possibility of PCOS. Clinicians should
obtain a careful history for psychiatric disorders, because
children and adolescents who are overweight or obese are
more likely to suffer from mental health disorders than
their normal weight counterparts (50, 51). Furthermore,
clinicians should obtain a history of second-generation
antipsychotics use, such as clozapine, risperidone, olan-
zapine, and quetiapine, because of their association with
weight gain (52, 53). Although the various techniques
assessing dietary intake are unreliable and subject to error
(9, 54), 1t 1s stll important to estimate the type and
quantity of beverage intake, the frequency of dining cur
and where, and the frequency and type of snacks (among
other dietary issues). Clinicians should also obtain a
history of sedentary behaviors, such as hours spent on
screen activities, and physical acrivity (e.g., duration,
frequency, in school and at home, sports participation,
walking to school and stores).
Clinicians should evaluate the following:

* weight, height, and BMI calculation [Even though the
International Diabetes Federation includes waist cir-
cumference (an indicator of insulin resistance mea-
sured at the level of the iliac crest = 90th percentile)
as a defining factor for metabolic syndrome in children
and adolescents 10 to 16 years of age and as a finding
of concern in children 6 to 10 years old (55, 56), given
the intermeasurement variability of waist circumfer-
ence measurements in a clinical setting performed by
different support staff, this research tocl does not add
significantly to what we learn from BMI (57).]
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Table 2. Screening for Comorbidities of Pediatric Overweight or Obesity

Comorbidity

Tests and Interpretation

Source

Prediabetes HbA1c
IFG (verity fasting

status)
IGT (if OGTT is used)

Diabetes mellitus

Dyslipidemia

Prehypertension
and hypertension

NAFLD
PCOS
Obstructive sleep

apnea
Psychiatric

5.7% to <6.5% (39 to <48 mmal/mol)

(note the unpredictability of this test in pediatrics in the text)®
Fasting plasma glucose of =100 but <126 mg/dL

(=5.6 but <7.0 mmol/L)

Two-hour glucose of =140 but <200 mg/dL (=7.8 but <11.1 mmol/L)

HbATc = 6.5% (=48 mmol/mol)®®

Fasting plasma glucose of =126 mg/dL (=7.0 mmol/L)
(fasting is defined as no caloric intake for 8 h)®

Two-hour plasma %Iucose of =200 mg/dL (=11.1 mmaol/L)
during an OGTT

In a patient with classic symptoms of hyperglycemia,
a random plasma alucose of =200 mg/dL

Fasting lipids

Triglycerides (mg/dL) (multiply by 0.0113 to convert to mmol/L):
0-9 y < 75 (acceptable), 75-99 (borderline high), =100 (high);
10-19y < 30 (acceptable), 90-129 (borderline high), =130 (high)

LDL cholesterol (mg/dL) (multiply by 0.0259 to convert to mmol/L):
<110 (acceptable), 110-129 (borderline high), =130 (high)

Total cholesterol (mg/dL) (multiply by 0.0258 to convert to mmaol/L):
<2170 (acceptable), 170-199 (borderline high), =200 (high)

HDL cholesterol (mg/dL) (multiply by 0.0259 to convert to mmol/L):
<40 (Jow), 40-45 (borderline low), =45 (accepiable)

Non-HDL cholesterol (mg/dL)
{multiply by 0.0259 to convert ta mmol/L) (can be nonfasting)

<2120 (acceptable), 120-144 (borderline high), =145 (high)

3-11 y: (standardized according to sex, age, and height percentile)
BP = 90th percentile to <95th percentile = prehypertension
BP = 95th percentile to <99th percentile + 5 mm Hg = stage 1 HTN
BP = 99th percentile + 5 mm Hg = stage 2 HTN
12-17 y: (standardized according to sex, age, and height percentile)
BP of >90th percentile to <95th percentile or

>120/80 = prehypertension
BP = 95th percentile to <<99th percentile + 5 mm Hg = stage 1 HTN
BP = 99th percentile + 5 mm Hg = stage 2 HTN
18021y,
BP = 120/80 10 139/89 mm Hg = prehypertension
BP = 140/90 to 159/99 mm Hg = stage 1 HTN
BP = 160/100 to 179/109 mm Hg = stage 2 HTN
BP > 180/110 mm Hg = stage 3 HTN

ALT = 25 U/ (boys) and =22 U/L (girls)

Free and total testosterone and SHBG,
per Endocrine Society PCOS guidelines”

If positive history, refer to pulmonary for nocturnal
polysomnography and if not available overnight oximetry

If positive history, refer to mental health specialist

American Diabetes
Association (59)

American Diabetes
Association (53)

Expert Panel
Summary
Report (58)

Expert Panel
Summary Report
(58); Mancia

etal, 2013 (67)

Schwimmer et al.,
2010 (62)

Legro et al., 2013
(63)

Wise et al., 2011
(48)

Zamethkin et al,
2004 (57)

To convert mg/dl. to mmaldL, multiply by 0.0555 for glucose, 0.0259 for cholesteral, and 0.0113 for triglycerides.

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; HTN, hypertension; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LDL,
low-density lipopratein; NAFLD, non-alcoholic fatty liver disease; OGTT, oral glucose tolerance test (1 75 g/kg, maximum 75 g); PCOS, polycystic ovary

syndrome.

*The test should be performed in a laboratary using @ method that is NGSP certified and standardized 1o the DCCT assay

%n the absence of unequivocal hyperglycernia, should be confirmed by repeat testing.

“Giver variability in testosterone levels and the poor standardization of assays; it is difficult to define an absolute level that is diagnostic of PCOS ar other
causes of hyperandrogenism (familiarity with local assays recommended) (63), The preferred assay is HPLC tandem mass spectroscopy (64), [Derived from
() ADA, 2014 (60); (b) Expert Panei 2011 (58); (c) Schwimmer etal, 2010 (62); (d) Legro et al,, 2013 (63); (e) Wise et al, 2011 (48); {f) Zametkin et al, 2004 (51)].
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¢ blood pressure [using height/age/sex percentile nor-
malized blood pressure tables to interpret the findings
(58)]

» acanthosis nigricans and skin tags

* extreme acne and hirsutism in pubertal girls

¢ fundoscopic examination for pseudotumor cerebri

¢ tenderness and range of motion of the knee, leg, or foot

o peripheral edema, thyroid examination for goirer

¢ physical findings associated with syndromic obesity,
particularly if there is a neurodevelopmental abnor-
mality (see section 3).

We list suggested screening tests in Table 2.

In 2009 an International Expert Committee recom-
mended using HbAlc to diagnose diabetes and pre-
diaberes (635). It recommended classifying asymptomatic
individuals as having diabetes if they had HbAlc = 6.5%
(=48 mmol/mol) on 2 separate occasions and classifying
asympromatic individuals with prediabetes if they had
HbAlc = 6.0% (=42 mmol/mol) (65), or HbAlc of
5.7% to <6.5% (39 to <48 mmol/mol) (66). Although
they based these recommendations on studies in adults
with no validation in pediatrics (65), the commirtee
recommended that the same criteria be applied in ado-
lescents. However, several studies have demonstrated
poor performance of HbAlc in diagnosing prediabetes or
diabetes in pediatrics, underestimating the prevalence of
both (67-69). Another pitfall in using the HbAlc is the
unresolved issue of racial/ethnic disparities in the correla-
tion between HbAlc and ambient blood glucase (70).
Given such drawbacks, HbATlc screening (alone) in over-
weight or obese children and adolescents is a poor
diagnostic tool for prediabetes and T2DM. Additional
definitive testing (fasting or random glucose or oral
glucose tolerance test) may be necessary in high-risk
vouths based on medical history, familial risk, race/
ethnicity, and/or the presence of additional risk factors
for diabetes (71). In a cost effectiveness analysis of
various screening strategies for identifying pediatric
diabetes and dysglycemia, the preferred strategy for
dysglycemia was the 2-hour oral glucose tolerance test
with 100% effectiveness (proportion of cases identi-
fied) and efficiency (cost per case identified) at $390 per
case, and the least effective and efficient was HbAlc
{(ranges, 7% to 32% and $938 to $3370 per case) (72).

NAFLD is usually asymptomatic and thus requires
screening for detection. Presently, no screening guidelines
exist outside of recognizing those at risk by weight cat-
egorization (BMI = 85% for age and sex) (39). Recently
new normative standards were proposed for alanine
aminotransferase (ALT) concentrations (<25 U/L for
boys and = 22U/L for girls) (62), because pediatric liver
biopsy specimens from patients with normal or mildly

10
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elevated ALT (=26 to 50 U/L for boys and =23 to 44 U/L
for girls) had significant histologic abnormalities, in-
cluding advanced fibrosis (73). Using highly sensirtive
research methods of magnetic resonance spectroscopy or
magnetic resonance imaging, fatty liver is likely present in
most pediatric obesity whether the liver enzymes are high
or not. High ALT levels would suggest a more advanced
stage of NAFLD, hepatitis, or fibrotic changes. Thus,
even though ALT elevation underestimates liver injury in
NAFLD, it is still an easily available screen for clinicians
to use when assessing children and adolescents who are
overweight or obese.

Many clinicians measure insulin values thinking ir adds
to the diagnosis of comorbidities. In fact it does not, and
such measurements are not recommended. Although obe-
sity 1s associated with insulin resistance/hyperinsulinemia,
attempts to diagnose insulin resistance by measuring plasma
mnsulin concentration or any other surrogate (74) in the
clinical setting has no merit because it has no diagnostic
value. Fasting insulin concentrations show considerable
overlap berween insulin-resistant and msulin-sensitive
youths (74). Therefore, there is no well-defined cur point
differentiating normal from abnormal and no universally
accepted, clinically useful, numeric expression that defines
insulin resistance (75), unlike the case for glucose or lipids.
A major requirement for any screening program is the
availability of an accurate, reliable, reproducible, stan-
dardized, and easily applicable method of measurement.
Adult studies have shown that measures of fasting insulin
explain no more than 5% to 50% of the variability in
insulin sensitivity in nondiabetc subjects (76). Different
studies have proposed different cutoffs for so called “insulin
resistance values” varying by 2.5-fold (76). In pediatrics, the
transient puberty-related insulin resistance that occurs
with the completion of puberty further complicates this
(77, 78). Moreover, measuring insulin is hampered by
the lack of standardized insulin assays, and poor re-
producibility of even the same assay (79). Further
limitations include racefethnicity-related differences in
insulin concentrations due to differences in the meta-
bolic clearance rate of insulin (80) and the cross-
reactivity between insulin and proinsulin. In youths
with T2DM, despite severe deficiency in insulin se-
cretion, fasting insulin concentrations are higher than
in youths without diabetes (81). Importantly, fasting
insulin concentrations are similar in youths who are
obese with normal glucose tolerance vs impaired glu-
cose tolerance (82), allowing for the possible danger of
missing a diagnosis of impaired glucose tolerance if one
uses fasting insulin concentrarions as a screening tool.
Because of these limitations, measuring plasma insulin
concentrations remains a research tool with no clinical
value for evaluation of obesity. Measuring fasting
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insulin concentrations to try to diagnose insulin re-
sistance within general practice should be abandoned.

2.0 Genetic obesity syndromes

2.1 We suggest genetic testing in patients with extreme
early onset obesity (before 5 years of age) and thart
have clinical features of genetic obesity syndromes
{in particular extreme hyperphagia) and/or a family
history of extreme obesity. (2 5200)

Evidence

In addition to the obvious environmental drivers,
multiple common and rare genetic variants contribute to
substantial heritability for BMI and waist circumference
(83, 84). Approximately 7% of patients with extreme
pediatric obesity may have rare chromosomal abnor-
malities and/or highly penetrant generic mutations that
drive their obesity (83). This percentage is likely to in-
crease with newer methods for genetic testing.

Values and preferences

When assessing children and adolescents with extreme
obesity, clinicians should consider potentially weatable
causes and genetic conditions (Fig. 1). The diagnosis of a
genetic obesity syndrome can provide information that
helps the family and health care providers appropriately
manage the child’s or adolescent’s health and possibly
lessen the social stigma. Additionally, clinicians can provide
genetic counseling. A genetic diagnosis can inform man-
agement, including the possibility of bariatric surgery
(many such patients are relatively resistant to weight loss
through changes in dier and exercise).

Remarks

It is currently useful to categorize genetic obesity syn-
dromes as those with developmental delay and/or dys-
morphism and those withour these features, although the
clinical spectrum can be quite variable (Table 3). Clinicians
should obtain a careful family history to identify potential
consanguineous relationships, a family history of severe
obesity/bariatric surgery, the ethnic and geographical
origin of the child or adolescent, and family members to
guide the appropriate use of diagnosric tests (Fig. 1).

Obesity syndromes with developmental delay

Dominant disorders

Prader-Willi syndrome is a methvlation disorder
caused by the deletion of a critical segment on the pa-
ternally inherired chromosome 15g11.2-q12, loss of the
entire paternal chromosome 15 with the presence of 2
maternal copies (uniparental maternal disomy), or an
imprinting defect that can be sporadic or due to a

11
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mutation of the paternally derived imprinting control site
of the 15q13 region (88). Plasma ghrelin levels are
markedly elevated in children, adolescents, and adults
with Prader-Willi syndrome, although the physiological
relevance of this finding is unknown (89), GH treatments
decrease body fat and increase linear growth, muscle
mass, and energy expenditure (90).

Maternal transmission of heterozygous murations in
GNAST leads to classical Albright hereditary osteodys-
trophy and resistance to several hormones that activate
heterotrimeric G proteins in their target tissues, whereas
paternal transmission leads only to Albright hereditary
osteodystrophy (91).

Chromosomal rearrangements and heterozygous
murations involving single-minded 1 brain-derived neu-
rotrophic factor (92, 93), or its receptor, TrkB, lead to
hyperphagia and developmental and behavioral abnor-
malities (94, 95). Clinicians should consider de novo
mutations if both parents are of normal weighr and in-
telligence quotient.

Recessive disorders

Homozygous mutations that disrupt 1/some of the 16
Bardet-Biedl syndrome genes lead to Bardet-Biedl syn-
drome (96). Other recessive disorders affecting proteins
localized to the basal body of the monocilium, such as
Alstrém syndrome and TUB gene mutations (97), are also
associated with obesity.

Obesity syndromes without developmental delay

Rare copy number variants (deletions/duplications)
that disrupt multiple genes can cause extreme pediatric
obesity without learning difficulties (98). Mutations in
specific genes, mostly involving the leptin-melanocortin
pathway, cause extreme obesity characterized by hy-
perphagia (increased drive to eat) and impaired satiety
{reduced sensation of fullness after a meal) (Table 3).
Clinicians should take a careful history to identify food-
seeking behavior, searching for/stealing food, waking at
night to find food, and eating food others leave behind,
which should prompt genetic investigation (neurologic
causes should be excluded in patients with a new history
of these behaviors). These behaviors typically occur as a
result of the disruprion of hypothalamic pathways in-
volved in the regulation of energy balance. Pica syndrome
is evident in only a small subset of children and ado-
lescents with hyperphagia.

Dominant disorders

Heterozygous murarions in the melanocortin 4 receptor
are found in 2% to 5% of subjects with extreme pediatric
obesity, making this the most common genetic form of
obesity {99, 100) (Table 3). Homozygous mutations in
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Figure 1. Diagnosis and management flowchart, *Measure insulin and proinsulin in patients with dinical features of PCSK1 deficiency, [Adapted
from August GP et al. [B6) with permission, @ Endocrine Society.] [Republished with permission of Springer Science and Bus Media BV from
Faroogi S and Q'Rahilly S (87)) permission conveyed through Copyright Clearance Center, Inc.]
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Table 3.

Genetic Obesity Syndromes With and Without Developmental Delay

Genetic Obesity Syndrome

Clinical Features

Obesity with developmental delay
Dominant
Prader-Willl syndrome

Hypotonia, failure to thrive in infancy followed by weight gain, snort stature

(due to GH deficiency), hyperphagia, hypogonadotropic hypogonadism,
sieep disturbance, obsessive behaviors

Albright hereditary
osteodystrophy
SIM1 deficiency

Short stature in some but not all patients, skeletal defects, impaired olfaction, and
hormone resistance (e.g., parathyroid harmone) if a mutation is maternally inherited
Hyperphagia with autonomic dysfunction (characterized by low systolic blood pressure),

speech and language delay, neurobehavioral abnormalities,
including autistic type behaviors

BDNF/TrkB deficiency

Hyperactivity, impaired concentration, limited attention span,

impaired short-term memory and pain sensation

Recessive
Bardet-Bied| syndrome

Dysmorphic extremities (syndactyly/brachydactyly/polydactyly), retinal dystrophy or

plgmentary retinopathy, hypogenadism, renal abnormalities/impairment

TUB deficiency

Obesity without developmental delay
Dominant
Alstrém syndrome

Retinal dystrophy, deafness

Retinal dystrophy; extreme insulin resistance; deafness; dilated cardiomyopathy; progressive

pulmonary, hepatic, and renal dysfunction

MC4R deficiency

Hyperphagia, accelerated linear growth, disproportionate hyperinsulinemia,

low/normal blood pressure

SH2ZB1 deficiency

Hyperphagia, disproportionate hyperinsulinemia, early speech and language delay

that often resolves, behavioral problems including aggression

KSR2 deficiency

Mild hyperphagia and reduced basal metabolic rate, insulin resistance often with

scanthosis nigricans, irregular menses, early development of T2DM

Recessive
Leptin deficiency

Leptin receptor deficiency

POMC deficiency

Extreme hyperphagia, frequent infections, hypogonadotropic hypogenadism,
mild hypothyroidism

Extreme hyperphagia, frequent infections, hypogonadotropic hypogonadism,
mild hypothyroidism

Hyperphagia, cholestatic jaundice or adrenal crisis due to ACTH deficiency,

pale skin, and red hair in whites

PCSK1 deficiency

Small bowel enteropathy, hypoglycemia, hypothyroidism,

ACTH deficiency, diabetes insipidus

[Republished from Faroogi and ©'Rahilly (87) with permission of Springer Science and Bus Media BV, permission conveyed through the Copyright

Clearance Center ]

Abbreviations: ACTH, adrenccorticotropic hormone; BDNF, brain-derived neurotrophic factor; GH, growth hormane; POMC, proopiomelanocorting

TZDM, type 2 diabetes mellitus.

melanocortin 4 receptor have also been identified in off-
spring from consanguineous families (101). Hererozygous
missense mutations affecting proopiomelanocortin-derived
peptides and rare variants in melanocortin 2 receptor ac-
cessory protein 2 may also contribute to extreme obesity by
modulating melanocortin signaling (102, 103). In the near
future, selective melanocortin receptor agonists may be
feasible therapies for patients with mutations in the mel-
anocortin pathway. Several studies have shown that ad-
olescents and adults with heterozygous melanocortin 4
receptor mutations lose weight following Roux-en-Y
gastric bypass (RYGB) surgery (104).

Recessive disorders
Homozygous mutations that reduce the production,
secretion, or biological activity of leptin are associated

13

with extreme hyperphagia, frequent infections, hypo-
gonadotropic hypogonadism, and mild hypothyroidism;
these features can be fully treated with subcutaneous
injections of recombinant human leptun (105-107).
Recombinant human leprin is currently available on a
named patient basis through selected centers.

Serum leptin is a useful test in patients with severe
obesity, as undetectable serum leptin is highly suggestive
of congenital leptin deficiency. Mutations that result in
detectable but bioinactive leptin are rare (107). Serum
leptin concentrations are usually appropriate for the
degree of obesity in most patients with homozygous
mutations in the leptin receptor gene that have compa-
rable clinical features (108) (Table 3).

Children and adolescents who are homozygous or com-
pound heterozygous for mutations in the proopiomelanocortin
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gene require long-term corticosteroid replacement, as proo-
piomelanocortn is a precursor of adrenocortcotropic hor-
mone in the pituitary gland (102). Compound heterozygous or
homozygous mutations in the PCSK1 gene, which encodes the
processing enzyme (prohormone convertase 1/3), may present
in infancy with persistent diarrhea requiring parenteral feeding,
An abnormally high level of plasma proinsulin (compared with
mature insulin) indicates this possible diagnosis (109).

3.0 Prevention of obesity

The prime objective in addressing the obesity epidemic
should be prevention to avoid the comorbidities of
obesity. Although bevond the scope of this statement,
which addresses postnatal prevention, preconception and
prenatal interventions are also of major importance, and
the Task Force supports the recommendations of the
WHO to address this area of prevention (110).

3.1 We suggest that clinicians promote and participate
in the ongoing healthy dietary and activity edu-
cation of children and adolescents, parents, and
communities, and encourage schools to provide
adequate education about healthy eating (1).
(2lz000)

Evidence

The authors of the Endocrine Society’s previous
guideline on pediatric obesity commissioned a meta-
analysis (111) which summarized evidence from RCTs
that measured the impact of lifestyle interventions to
prevent pediatric obesity. The study found modest effects
of these interventions; there was decreased sedentary
behavior in long-term trials (P = 0.05) with a significantly
greater effect when directed toward children in contrast
to adolescents (P = 0.02), reduced unhealthy dietary
habits (P = 0.02), but only a trend towards increased
physical activity (P = 0.06=0.07). These beneficial effects
did not translate into important changes in BMI (111),
but the Task Force recognized that weight maintenance
in a growing child or adolescent is as effective as weight
loss in an adult. The present committee updated and
expanded upon these findings as listed below and in
Table 4.

Decreasing caloric intake by consuming more fruits
and vegetables and reducing dietary fat and refined
carbohydrate intake can decrease the risk of developing
obesity and T2DM (152). Many children and adolescents
eat fewer than 3 servings of fruits and vegetables a day
rather than meeting the US Department of Agriculture
dietary recommendation of 5 to 7 fruit and vegerable
servings per day. Inadequate consumption of dietary fiber
may contribute to excessive weight gain, highlighting the
need to continue to address vegetable and whole fruit
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intake (153). Whole fruit intake increased and fruit juice
intake decreased from 2003-2004 to 2009-2010 (154).
Children and adolescents in the public school system in
the United States consume up to 40% of their calories at
school, so attention to the composition of foods and
drinks available to them during the school day is critical
(155). New US federal guidelines are encouraging, in that
they eliminate trans fat, limit saturared fat, and decrease
rotal sugar conrtent of foods served in schools (156).

Values

The committee places a high value on increasing
vegetable and fruit intake to decrease the risk of de-
veloping obesity. Calorie-dense, nutrient-poor foods
should not be available in the school and school sports
environments, where their presence increases their con-
sumption and implies adult assent.

3.2 We recommend that clinicians prescribe and
support healthy eating habits such as:
¢ avoiding the consumption of calorie-dense,
nutrient-poor foods (e.g., sugar-sweetened bever-
ages, sports drinks, fruit drinks, most “fast foods”
or those with added table sugar, high-fructose
corn syrup, high-fat or high-sodium processed
foods, and calorie-dense snacks)
* encouraging the consumpuon of whole fruits
rather than fruir juices. [11&3&00)

Evidence

Drinking sugar and sugar-sweetened beverages is asso-
ciated with developing obesity (157, 158). Table sugar
consists of 50% glucose and 50% fructose; sugar-sweetened
beverages often have a higher percentage of fructose,
sometimes up to 65 %:; and high-fructose corn syrup is found
in many foods besides liquid beverages. Metabaolic responses
differ significantly berween fructose and glucose.

Consuming nutrient-poor, calorie-dense, high-fat foods
and sugar-sweetened beverages is a risk factor for obesity
(156). Reducing sugared-beverage consumprion (e.g.,
soda, fruit drinks, sports drinks, and excessive con-
sumption of fruit juices) is an effective way to reduce
ingested calories (159). However, children and adolescents
currently consume, on average, 30% to 40% of calories
from nutrient-poor, energy-dense foods and drinks (160).
Although sugar-sweetened beverage inrake is decreasing in
vounger children, it has actually increased since 2007 in
adolescents (161). Fruit juice provides a more concen-
trated dose of carbohydrates than does whole fruit and
may not lead to the feeling of satiety experienced after
ingesting whole fruits. Thus, healthy children should limit
fruit juice ingestion and children with dental caries or
excessive weight should ingest less than the maximal
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recommended volumes. Therefore, fruit juice has no role in
the diet of infants under 6 months of age. After
6 months of age, fruit juice must be limited to 4 to 6
ounces per day until children reach 6 years of age, after
which 8 to 12 ounces is an acceptable serving,
according to the American Academy of Pediatrics
policy. In view of the fact that it is easy for children to
exceed such limirts, the Early Childhood Longitudinal
Study—DBirth Cohort of >4000 children demonstrated
that daily ingestion of fruit juice at 2 years of age
resulred in an increase in BMI ar 4 years compared with
children who had no or infrequent fruit juice. The study also
demonstrated that whole fruit provides increased nutritional
benefit over juice. This committee encourages the con-
sumption of whole fruits rather than fruit juices (162, 163).

Since 19635, teens have doubled their consumption of
sugar-sweerened and fruit-flavored beverages (156, 164).
School-based interventions can reduce soda consumption
and reduce weight in students at the highest BMI per-
centiles (152, 165). Although there has reportedly been a
95% decrease in the amount of regular sodas shipped to
schools, other sweetened beverages (such as sports
drinks) have become more available in schools (166).

However, as of 2014-2015, federal guidelines now
restrict the use of such “compertitive foods™ in the
school environment. Obese or normal weight children
and adolescents who substituted noncaloric beverages
in lieu of sugar-sweetened beverages had less of an
increase in BMIat 1 year (115, 116). Because there was
no difference in satiety between those who drank sugar-
sweetened beverages and those who did not, it appears
that a child or adolescent will not compensate for the
decreased caloric intake of nonsweerened drinks by
increasing his or her caloric intake via other foods or
drinks. This lack of compensarion may partly explain
the reduced weight gain associated with nonsweetened
drinks (115, 167).

Although there are reports that reducing glycemic load
may have a beneficial effect in the prevention or treatment
of obesity, a systematic review of epidemiologic, pro-
spective, and intervention studies did not demonstrate
consistent results (168).

Water is frequently recommended as a beneficial re-
placement for sugar-sweetened beverages. Whereas a
systemaric review found only a weak association between
water consumption and weight control in longitudinal
studies, the introduction of water jets to New York City
élementary school students led to a 0.022 to 0.025 de-
crease in BMI and a 0.6% to 0.9% decrease in risk for
overweight; this is possibly related to a 12.3% decrease in
milk purchases (169). Water remains the most reasonable
“drinking” choice for quenching thirst and changing
behavior from high-sugar drinking habits (170).
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Values

The Task Force placed a high value on decreasing access
to sugar-sweetened beverages by children and adolescents
asa means of obesity prevention and treatment and a high
value on strengthening the message to families that these
beverages contribute to pediatric obesity.

Remarks

The costs of comorbidities related to pediatric and
adult obesity are spiraling, and we must explore measures
to limit nonnurritive excess calories as one means of
preventing obesity. No nation can afford the social and
financial ramifications of increased obesity incidence left
unchecked. The individual practitioner cannot prevent
obesity alone; a multidisciplinary health care team in-
cluding dieticians, mental health practitioners, and nurses
provides the optimal setting.

However, the committee agrees with the WHO that
such changes must reach beyond the clinical setting and
require policy changes at the highest level, as well as the
cooperation of commercial entities. The committee sup-
ports the suggestion by the WHO for worldwide tax le-
verage on calorie-dense, nutrient-poor foods (110, 171).

3.3 We recommend that children and adolescents
engage in at least 20 minutes, optimally 60 min-
utes, of vigorous physical activity at least 5 days
per week to improve metabolic health and reduce
the likelihood of developing obesity. (1 &500)

Evidence

A common goal for preventing obesity is to increase
physical activity and decrease sedentary time in addi-
tion to reducing energy intake. A meta-analysis
showed a positive association between sedentary
time and the risk for obesity, although the effects were
small (172). The 2008 Physical Activity Guidelines for
Americans (173) and other sources suggest 1 hour of
activity per day for children and adolescents at a
minimum; although this is a reasonable aspirational
goal, the minimal achievable activity level that pro-
duces beneficial effects may be less. Shorter bursts of
activity, such as 20 minutes a day 3 to 5 days per week,
can improve merabolic measurements in obese children
and adolescents in a 3 to 6 month period, and these
lower activity levels may also prevent obesity (124).
The beneficial effects of exercise are most consistent in
the heaviest children and adolescents who previously
had not engaged in activity. See Table 4 and section 5
on treatment for more information on how activity and
sedentary time affect obesity.

Lack of activity may lead to obesity and overweighr,
but obesity also decreases the coordination and exer-
cise capacity of affected and adolescents, as well as the
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likelihood of being chosen for team sports, resulting
in an overall decreased desire for physical activity
(174-177).

Values

The Task Force placed a high value on interventions
with a low potential for adverse effects and burdens such
as increasing physical activity and decreasing sedentary
time. The benefits on metabolic fitness are regularly
demonstrated, although changes in weight or BMI are
less consistent.

3.4 We suggest fostering healthy sleep patterns in
children and adolescents to decrease the likelihood
of developing obesity due to changes in caloric
intake and metabolism related to disordered sleep.

(2ie300)

Evidence

Disordered sleep length and quality in adults, chil-
dren, and adolescents affects appetite and decreases
insulin sensitivity (150). Table 4 lists 8 studies that
show how different sleep durations or changes in sleep
durartion affect dietary intake in children and adoles-
cents. These results suggest that sleep duration affects
obesity development, although 2 other studies chal-
lenge these findings, weakening the strength of the
evidence (130, 131).

Values

The committee puts a high value on ensuring adequate
sleep time for all children and adolescents, although the
effect on dietary intake and weight gain is not definitve.
The National Sleep Foundation recommends 8 to 11
hours of sleep for school age children and adoles-
cents (178).

3.5 We recommend balancing unavoidable technology-
related screen time in children and adolescents
with increased opportunities for physical activity,
(lleeo0)

Evidence

A systemic analysis of 24 papers reviewing 15 studies
demonstrated strong evidence for decreasing screen time
and increasing physical activity to prevent obesity (135);
another study reported that decreasing screen time de-
creases sedentary time (136). A 2-generation study as-
sociated increased BMIwith =2 hours of screen time per
day for both parents and offspring (134). Darta
from >11,000 preschool children 4 to 6 vears of age
linked increased caloric intake from snacks and sugar-
sweetened beverages to increased screen time (135,

179, 180).
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Values

There are frequent requirements for video screen use
for schoolwork; as technology becomes more prevalent,
such requirements will not decrease. However, the
committee put a high value on adhering to the American
Academy of Pediatrics guidelines limiting discretionary
screen time for children (85, 181).

3.6 We suggest that a clinician’s obesity prevention
efforts enlist the entire family rather than only the
individual patient. (21£000)

Evidence

A meta-analysis commissioned by the original Task
Force demonstrated a nonsignificant trend associating
family involvement with the prevention of obesity, es-
pecially if the child is <8 years of age (140, 181).

One recent meta-analysis suggested that family-based
therapy is effective for treating obesity (137), and another
highlighted the importance of the intensity of parental in-
volvement in the success of family nterventions to prevent
and treat obesity (138). Furthermore, studies of weight loss
in obese children and adolescents demonstrated the im-
portance of including family members in the process;
without parental inclusion, the effect on weight loss was not
significant (182). However, there is a need for more research
into the influence of family participation for the prevention
or treatment of pediatric obesity (139, 140, 183). In spite
of a general consensus that an authoritative parenting style
is optimal and restrictive parenting in terms of food choice is
not, there are insufficient data to determine what type of
parenting approach is most effective in preventing pediatric

obesity (184).

Values

The Task Force placed a high value on involving the
entire family in obesity prevention efforts as a practical low-
risk approach, while understanding that much of the evi-
dence comes from treatment studies and even those studies
are not unanimous on the effects of family intervenrion.

3.7 We suggest clinicians assess family funcrion and
make appropriate referrals to address family
stressors to decrease the development of obesity.

2lBsac0o)

Evidence

There is evidence for an association berween the de-
velopment of pediatric obesity and family dysfunction as
well as exposure to stress (Table 4).

Values
The committee placed a high value on fostering healthy
family functioning and minimizing pediatric stress, as
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adverse life events are linked to the development of obesity
as well as numerous other complications throughout life.

3.8 We suggest using school-based programs and
community engagement in pediatric obesity pre-
vention. (2I&&00)

Evidence

A school-based program offers the promise of stan-
dardizarion across multiple sites and also can reach large
populations of children and adolescents during the early
and teenage years.

Numerous school-based interventions focused on re-
ducing obesity rates. The Cardiovascular Health in
Children study improved outcomes by decreasing body
fat and cholesterol (185). The Cardiovascular Health in
Children II study was effective in reducing body fat and
blood pressure in middle school children and adoles-
cents (186).

A school-based intervention can reduce body fat and
blood pressure in young adolescents (186). One reason
the short-term Cardiovascular Health in Children in-
terventions were successful in affecting physiological
variables may be the increased rime spent in moderate to
vigorous physical activity in school (20 minutes per day
in elementary schools, 30 mmutes in middle schools).
Both school design and adult supervision for physical
activity affect the amounrt of physical activity that sixth
to eighth graders engage in during free time (187).
Additionally, school-based intervention for >4000
middle school children and adolescents ar risk for
T2DM in the HEALTHY Study Group demonstrated
efficacy in decreasing overweight and obesity in both the
intervention and control groups, and decreased BMI z
score, fasting insulin, prevalence of obesity, and per-
centage of students with waist circumference > 90th
percentile in the intervention group (188). School sys-
tems have begun to initiate before- and after-school
lifetime fitness programs that appear to be helpful in
controlling weight gain (189). As noted, evidence sup-
ports prevention efforts in the third grade, which
could be carried out in an entire school and preschool
environment.

There is moderate evidence that community-based
pediatric obesity prevention programs, when com-
bined with a school-based component, can have pos-
itive 1-year effects on preventing obesity (145).
Community-based participatory research may help
enhance school-community involvement, resulting in
effective obesity prevention programs (146). A review
of mulriple settings (early care and education, school,
community, health providers, and the home) demon-
strated strength for each of these approaches and
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suggested that a combined approach holds more
promise (190).

Values

In making these suggestions, the committee set a high
value on the ability of school-based programs to reach a
wide population that would benefit from obesity prevention
and emphasized the need for addirional communiry-based
interventions that used techniques coordinated with a
school setting.

3.9 We recommend using comprehensive behavior-
changing interventions to prevent obesity. Such
programs would be integrated with school- or
community-based programs to reach the widest
audience. (115500)

Evidence

A systemartic review of RCTs using behavior change
techniques to prevent or treat obesity demonstrated that 6
techniques held promise for preventing obesity during a
period of at least 6 months. These techniques were:

= providing individualized information on the conse-
quences of behaviors conducive to the development of
obesity

e restructuring the environment to make individualized
behavior change more successful

e guiding practices expected to decrease the develop-
ment of obesity

e guiding the identification of role models or advocates
to change behavior

¢ mplementing stress management/emotional control
training

= providing general communication skills training,.

Values

The committee realized the difficulty in providing
widespread exposure to behavior change programs but
placed a high value on the pursuir of effective rechniques
of behavior change.

3.10 We recommend breast-feeding in infants based
on numerous health benefits. However, we can
only suggest breast-feeding for the prevention of
obesity, as evidence supporting the association
between breast-feeding and subsequent obesity is
inconsistent. (115000)

The previous guidelines supported breast-feeding as
an effective method of preventing obesity. However,
reports on the effect of breast-feeding on preventing
obesity are mixed during the last 10 to 15 years. In
particular, sibling analyses point to confounding effects
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in interpreting the results of cohort studies (151).
Furthermore, a 6.5-year-long longirudinal cluster-
randomized study of 13,889 subjects demonstrated
no effect of breast-feeding on the development of
obesity, even among those with more sustained breast-
feeding duration (149).

Likewise, 2 meta-analyses showed no strong evidence
for the associating berween the time of introducing
complementary feeding and the development of pediatric
overweight or obesity (191, 192).

Values

The committee places high value on promoting breast-
feeding to improve infant health but can only suggest
breast-feeding as a method for preventing obesity.

Remarks

For most children and adolescents and their families,
lifestyle patterns related to eating and exercise are
established early, affecting children and adolescents not
only when they are young but also throughout life.
Health care providers should follow universal pre-
vention methods to avoid the harmful health conse-
quences of less-than-optimal lifestyle choices, conveying
to all patients and families in a culturally sensitive and
language-appropriate manner the energy needs and es-
sential nutrient requirements of young children, and the
importance of physical activity, This is of particular
importance when we consider the increased efficacy of
prevention trials when directed toward younger
children.

The intestinal microflora may influence the develop-
ment of obesity. Although it is premature to discuss
methods of altering the intestinal flora, evidence suggests
that Bacteroides fragilis is more frequent in the stool of
overweight vs normal weight children, adolescents, and
adults (193). The intestinal microflora varies berween
vaginal and cesarean section birth and also due to the
composition of early diets, including breast milk. Up-
coming results of clinical trials, which modify the
microbiome, may suggest new methods of obesity pre-
vention and treatment.

A recent systematic review that looked at the way
urban environments affect health behaviors or outcomes
for children and adolescents reported some evidence of
potential health benefits from urban environment in-
terventions relating to road safety and active travel.
However, evidence for the effectiveness of such in-
terventions was weak due to study designs that were
opportunistic and nonrandomized, used subjective out-
come measures, and did not incorporate follow-up of
study participants (194). Nonetheless, health care pro-
viders are encouraged to advocate for common sense
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changes, including providing safe walking/biking areas
in parks, school routes, and neighborhoods and pro-
viding programs for active play in free time. Environ-
mental change recommendations require additional
research with more robust study designs incorporating
objective outcome measures to inform meaningful
policy change.

4.0 Treating obesity
Lifestyle: general considerations

4.1 We recommend clinicians prescribe and support
intensive, age-appropriate, culturally sensitive,
family-centered lifestyle modifications (dietary,
physical activity, behavioral) to promote a de-
crease in BMIL. (1l&E&40)

Evidence

The 20135 Endocrine Society Task Force commissioned
a systemaric review to evaluate the impact of weight
change on merabolic outcomes in children and adoles-
cents who are obese (5). The results showed that change
in BMI was associated with improvements in triglycer-
ides, high-density lipoprotein, and systolic blood pres-
sure. This analysis is limited by the fact that it used
aggregate data. Other studies also showed associations
between weight change and other metabolic outcomes
(Fig. 2) (195, 196).

Successful weight management, through lifestyle in-
terventions, delays the onset of T2DM in adults (197)
and improves cardiovascular fitness (198, 199). Many
pediatric weight management programs have found
improved body composition and metabolic parameters
(13, 200).

A commonly held belief is that lifestyle modification is
not sufficiently efficacious. Children and adolescents may
not lose weight, or despite initial success, children and
adolescents might regain weight after the active phase of
the program has ended (201). A factor in weight regain
may be lack of continued exercise. The odds for weight
regain are twofold greater in those who are sedentary
(201). In a 10-year study of adults who participated in the
Narional Weight Control Registry, >87% of participants
maintained at least 10% weight loss for 5 to 10 years. A
worse outcome was associated with decreased physical
activity, decreased dierary restraint, decreased frequency
self-weighing, increased energy inrake as fat, and increased
disinhibition (202).

There is sufficient evidence that intensive lifestyle
modification programs can be effective tools for pediatric
weight control in the short term (203, 204). Further-
more, implementing a formal maintenance program
after the completed treatment phase can be important for
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maintaining achieved weight loss (205). This finding is
consistent with the concepr of obesity as a chronic dis-
ease (206).

A Task Force—commissioned meta-analysis of ran-
domized pediatric trials of combined lifestyle interventions
for treating obesity (diet and exercise) showed a modest
but significant effect on obesity (equivalent to a decrease in
BMI of 1.5 kg/m*; P < 0.00001) when interventions
targeted family involvement. When parents were not
specifically included, the effect on weight loss was not
significant (182). These results suggest involving the family
when delivering combined lifestyle interventions.

An additional meta-analysis of RCTs of lifestyle in-
terventions (without an analysis of family involvement)
found moderate positive effects from the interventions
when compared with no treatment or information-only
controls. These effects persisted for an average follow-up
period of 15 months (207). Although there was overlap
with the Task Force meta-analysis, each study contained
reports not covered by the other.

An evidence-based position statement of the American
Dietetic Association supports the utility of family-based
lifestyle interventions for children and similar mult-
component programs for adolescents (208). These rec-
ommendations are consistent with conclusions of a
combined CDC and American Medical Association ex-
pert committee (209) and an evidence-based review of
pharmacological interventions for pediatric obesity that
highlighted the importance of concomitant intensive
lifestyle interventions, including dietary, exercise, and
family counseling (210).

Values and preferences

In making this recommendation, the Task Force
placed a high value on promoting healthy, safe pediatric
lifestyle modification that included family involvement,
with potential wide-reaching benefits.

Remarks

Clinicians should encourage BMI reduction for pa-
tients with obesity. A Task Force commissioned meta-
analysis demonstrated favorable effects on systolic blood
pressure, serum triglycerides, and serum high-density
lipoprotein with decreasing BMI or weight (3).
When interpreting these data, one must consider that the
beneficial effects seen in the 133 RCTs and 16 systematic
reviews are for averaged data, notindividualized patients;
other factors such as age, ethnicity, or genetics may
modify individual responses. Very large changes may not
be necessary. Although a BMI decrease of 1.5 kg/m?
(reported in the meta-analysis commissioned by the first
Task Force) may seem small, if maintained for the long
term, overweight or obese children and adolescents may
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benefit by maintaining weight as they grow; BMI will
decline as linear growth proceeds, and lifestyle modifi-
cation may reduce far mass, increase lean body mass,
and improve cardiovascular fitness (211). Seven percent
weight loss may be a more realistic goal for children and
adolescents with extreme obesity. Well-designed RCTs,
with large numbers of patients, employing intensive
lifestyle intervention and follow-up maintenance pro-
grams, will help develop refined techniques. A review
of 25 vears of behavioral therapy intervention in
children and adolescents has demonstrated thar long-
term weight loss maintenance is possible (212). Other
RCTs of diet, physical acrivity, and/or behavior modi-
fication have also demonstrated persistent changes in

BMI (212, 213).

Dietary

4.2 We recommend thar clinicians prescribe and sup-
port healthy eating habits in accordance with the
following guidelines of the American Academy of
Pediatrics and the US Department of Agriculture:
o decreased consumption of fast foods
® decreased consumption of added table sugar
and elimination of sugar-sweetened beverages

® decreased consumption of high-fructose corn
syrup and improved labeling of foods con-
taining high-fructose corn syrup

¢ decreased consumption of high-fat, high-sodium,
or processed foods

* consumption of whole fruit rather than fruit
juices

¢ portion control education

= reduced saturated dietary fat intake for children
and adolescents >2 vears of age

e US Department of Agriculture recommended
intake of dietary fiber, fruits, and vegerables

e timely, regular meals, and avoiding constant
“grazing” during the day, especially after
school and after supper

e recognizing earing cues in the child’s or ado-
lescent’s environment, such as boredom, stress,
loneliness, or screen time

¢ encouraging single portion packaging and im-
proved food labeling for easier use by con-
sumers. (Ungraded Good Practice Statement)

Evidence

(Refer to section 3.2 for some of the evidence for rec-
ommendation 4.2.) Children and adolescents who are
overweight are more likely to skip breakfast and consume
few large meals per day (214) than do their leaner coun-
terparts who are more likely to consume smaller, more
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frequent meals (215). Because snacks tend to be higher in
calorie density than meals, frequent snacking (among
children and adolescents) is associated with a high intake of
fat, sugar, and calories and with overweight (216).

Educating families, children, and adolescents about
the need to measure out single snack portions from
multiserving packages and place them in single-serving
containers can significantly change the amount of food
children and adolescents consume (217).

Values and preferences

The committee placed a high value on decreasing
snacking and decreasing overall caloric intake to reduce
weight gain among children and adolescents.

Remarks

A meta-analysis in children and adolescents suggests
that improved weight can be achieved regardless of the
macronutrient composition of the diet, and this mirrors
similar results found in adults (218). The WHO has
recently recommended that adults, children, and ad-
olescents limit sugar to <35% to 10% of total daily
energy intake, unless the sugars are contained in fresh
fruits and vegetables, which are lower in calories and
higher in fiber than processed carbohydrates. The other
carbohydrares, which they term “free sugars,” include
honey; other sweeteners; glucose/fructose; and sugar
added by a cook, consumer, or producer. This recom-
mendation was termed “strongly” because of moderate
quality evidence that increasing free sugars in one’s diet
increases body weight, and decreasing free sugars decreases
body weight (110).

A dietician familiar with the energy needs of growing
children and adolescents should supervise calorie re-
duction for weight loss or maintenance in patients of this
age group. Unbalanced hypocaloric diets (e.g., “fad diets™)
may be deficient in essential vitamins and minerals,

Physical activity

4.3 We recommend that clinicians prescribe and
support the reduction of inactivity and also a
minimum of 20 minutes of moderate to vigorous
physical actvity daily, with a goal of 60 minutes,
all in the context of a calorie-controlled dier.
(1l&600)

Evidence

In the absence of caloric restriction, moderate exercise
does not cause weight loss. However, in combination with
decreased caloric intake, exercise can achieve and maintain
significant weight loss, Studies performed in the school
setting have shown beneficial effects of exercise in children
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and adolescents (204). The beneficial effects of both aerobic
exercise and resistance training can be short-lived, and
exercise must be sustained over months. Even 20 minutes of
aerobicacuvity 5 days per week over 13 weeks can decrease
body and visceral fat (124). Recent studies in Denmark and
elsewhere have demonstrated benefits in mild intensity
jogging and in small 10- to 15-minute intervals of exercise,
which may be more readilv achievable (219, 220),

Physical fitness, even without weight loss, may confer
health benefits. Improvements in cardiovascular firness
were associated with improvements in body composition
and diabetes risk factors in adolescents (220). In addition
to improving metabolic fitness, exercise has been linked
to improvements in cognitive function and concentration
(124). (Refer to section 4.8 regarding school-based in-
terventions to increase activity.)

Values

The Committee placed a high value on losing weight
(in the form of body fat) by decreasing caloric intake and
increasing energy expenditure.

Remarks

Although current recommendartions state that school
children and adolescents (who spend about half their
waking hours in school) should receive a minimum of 30
to 60 minutes of moderately vigorous physical activity
and at least 60 minutes of aerobic (moderate and vig-
orous) physical activity each school day, only 5% of
school districts in the United States have a requirement
for a specific amount of physical education (221-225).
Clinicians should place emphasis on increasing a child’s
or adolescent’s activity by helping facilitate:

e the ability to safely walk to and from school

¢ increased use of stairs (and improved signage to in-
dicate their location)

e increased breaks for movement in the classroom

¢ increased movement during recess and gym.

Moderate to vigorous exercise is defined as causing
some increase in breathing and heart rate; in a healthy
person this is usually associated with brisk walking,
dancing, swimming, or cycling on flar terrain. In ex-
ercise physiology terms, the energy expended should be
at least 3 metabolic equivalents (85, 226). Moderate
exercise allows talking but not singing, and vigorous
exercise makes it impossible to sing and difficult to talk,
This generalization should help families understand and
identify the difference between moderate and vigorous
EXErcise.

The use of motivarional interviews to help an older
child or adolescent and/or his or her parent set physical
fitness or dietary goals may lead to greater success in
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decreasing BMI (218, 219). In spite of limitations in-
herent in the method, clinicians should assess a patient’s
readiness for change when determining how to approach
the family.

4.4 We suggest thar clinicians encourage and supporrt
patients to limit nonacademic screen time to 1 to 2
hours per day and decrease other sedentary be-
haviors, such as digital activities. (2I=000)

Evidence

The 2009 Cochrane analysis reported that a combined
behavioral approach incorporating both dietary and
physical activity changes can produce a significant and
clinically meaningful reduction in overweighrt in children
and adolescents (204). A meta-analysis commissioned by
the original Task Force of 3 randomized trials of in-
terventions for reducing sedentary activiry reported im-
precise results (i.e., that these interventions had both a
favorable and unfavorable impact on obesity outcomes)
(182). Both girls and boys demonstrated small decreases
in the amount of screen time in a German study, and these
decreases did not correlate with increases in physical
activity (227).

Values and preferences

The committee placed a high value on limiting digital
access time and other efforts to decrease sedentary time.
As our ever-increasing digital environment necessitates
increased screen time, a plan for the world’s children and
adolescents should complement necessary screen time
with:

® environments that demand and facilitate movement
e monetary incentives for decreased caloric intake (such
as taxes on sugar-sweetened beverages).

The committee agrees with research thart finds an as-
sociation with the presence of a television set in a child’s
bedroom to increased screen time and increase caloric
intake while weakening the positive influence of parents
on promotion of healthy habits (228, 229).

Psychological complications of overweight and
obesity

Psychosocial

4.5 We suggest thar the health care team identify
maladaptive rearing patterns related to diet and
activity and educate families about healthy food
and exercise habits. (21000)

4.6 We suggest that the health care team probe for and
diagnose unhealthy intrafamily communication
patterns and support rearing patterns that seek to
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enhance the child’s or adolescent’s self-esteem.
(2I2000)

4.7 We suggest thar the health care ream evaluate for
psychosocial comorbidities and prescribe assess-
ment and counseling when psychosocial problems
are suspected. (21£000)

Evidence

In section 4 we discuss the importance of involving the
whole family, and nort just the child or adelescent, in
prevention and treatment interventions.

How interactions berween parents and children and
adolescents and parenting styles contribure to unhealthy
lifestyle habits is a subject of investigation (230, 231). An
additional factor to overcome before initiating any in-
tervention may be the parents’ inability to recognize that
their child or adolescent is overweight, particularly for
the preschool child (232-234).

Obesity is associated with QOL, with levels measured
in obese children and adolescents equivalent to those seen
in pediatric cancer or diabetes (235, 236). In addition to
low QOL, children and adolescents with obesity have
significant psychosocial comorbidities, including poor
self-esteem (237-239), increased risk of depression and
anxiety (240-242), and higher-than-average risk of
eating disorders and substance abuse. Low self-esteem
(243) and perceived or actual higher BMIs are associated
with increased likelihood of smoking and alcohol con-
sumption (244).

To remove the bias that might be seen in a clinic
sample, the Childhood Growth and Development Study
in Australia enrolled healthy weight (n = 158), overweight
(n=77),and obese (n = 27) children from the schools and
trom families asking ro be referred (n = 19). Heights,
weights, and psychological testing were done in the
schools for the school-based cohort (245). Increasing
BMI z scores were assoclated with decreasing self-
worth and global self-esteem as well as with de-
creased athletic competency, social acceprance, and
dissatisfaction with their physical appearance. These
assocliations were reported as young as age 8 years, but
the association with physical appearance was more
pronounced in the older group (246). The presence of
psychosocial distress in a population of school children
and adolescents not seeking clinic referral, as well as
those secking referral, indicates that psvchosocial 1s-
sues are present in both elinical and nonclinical pop-
ulations of youths who are obese.

A review of the literature found lower QOL scores for
social acceptance, family life, physical appearance, school
functioning, and physical functioning in all but 2 of the 34
publications included in the study. Factors influencing
lower QOL included degree of obesity, symptoms of
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depression, lack of social support from classmates/family,
and low socioeconomic status (247).

In general, low self-esteem does not seem to be a sig-
nificant problem until adolescence, as self-esteem is similar
between preteen children who are obese and normal
weight. During adolescence, however, self-esteem becomes
more closely tied to body image, and rapidly plummets,
with those adolescent females who have higher BMIs
and body image dissatisfaction having the lowest self-
esteemn (248).

Individuals with eating disorders tend to define self-
worth by their body image (249), possibly explaining the
associarion berween eating disorders and yourths who are
overweight and obese. Surveys from 135 Hispanic and
African American girls who are obese or overweight
revealed that 52% had been teased about their weight by
girls and 60% had been teased about their weight by
boys. Of those who were teased, 70% skipped meals,
dieted, or starved themselves; 12% reported binge eating;
and 33% stated they had “emotional” eating. All of the
girls surveyed stated they were unhappy about their
weight and wanted to be thinner (250). Eating disorders,
including binge eating and anorexia nervosa/bulimia, are
more commonly seen in those who have depression,
anxiety, and disruptive behavior (251, 252).

Parental reaction to their child’s weighr affects how the
child responds. Bullying by peers and families contribures
to poor body image and impaired psychosocial func-
tioning (253).

Some may harass their child, letting them know how
unattractive he/she is, resulting in worsening body image
and poor self-esteem. A retrospective Internet-based
study of college students with great concern about
their weight, body shape, and eating behaviors revealed
that >80% had a history of parents or siblings making
negative comments about their weight, shape, or eating
behaviors. Most scored above average in psychometric
emotional-abuse tests, with positive associations with
negative parental comments and higher weight and
negative associations with social support and self-esteem
(254). Some parents are overly restrictive, potentially
causing their children and adolescents to binge when they
have access to unrestricted food (255, 256). Alternatively,
adolescents with extreme obesity may develop anorexia
bulimia, anorexia nervosa, or purging behaviors in an
effort to lose weight. A cross-sectional cohort study of
adolescents with extreme obesity and their parents found
bulimic symptoms did not correlate with the degree of
obesity but were associated with maternal psychopa-
thology, including somatization and anxiety (257).

Youths who are obese are more likely to be teased and
bullied and are less likely to have a “best friend” or be
considered popular by classmates than their thinner peers
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(258). Parents, teachers, and peers indicate that youths
who are obese are more isolated and have poorer social
skills than do their thinner counterparts (259). Those
with low self-esteem (243) and perceived or actual higher
BMIs are more likely to smoke and drink alcohol than
those with higher self-esteem (244). Additionally, they are
less athletic and less likely to have romantic relationships,
contributing to increased rteasing, worsening of self-
esteem, loneliness, depression, anxiety, and introverted
behavior (260).

In general, those who are most obese report more
psychological distress (246, 261). Girls become more
depressed with increasing BMI than do boys, and some
studies indicate that depression in African American boys
is not linked to BMI but rather to peer teasing (246, 262).
Race and socioeconomic status (in addition to sex) affect
how children and adolescents react to obesity; however,
there are conflicting reports on the effect of obesity on
psychological status in different groups. One study
tound that African American children have more body
image dissatisfaction and anxiety than do their same-
weight white counterparts (262), whereas a study of
adolescents found that African Americans and His-
panics are less stigmarized than whites (263). High
socioeconomic status adolescents who are obese with
psychopathology are less likely to seek help ara weight-
loss program than are low socioeconomic status ado-
lescents who are obese (252), possibly due to a more
negative perception regarding ohesity in high socio-
economic status families.

As adolescents who are obese consistently report
high rates of depression, anxiety, and binge eating
disorders, all overweight patients should be assessed
for psvchopathology. Assessment and counseling by a
psychologist are often indicated. Clinicians should
prescribe antidepressant medications with caution, as
atypical antipsychorics cause rapid (often extreme)
weight gain (264),

Diuretics, diet pills, and self-induced emesis are not
uncommonly used to achieve rapid weight loss by ado-
lescents. One study demonstrated that laxative use, self-
induced vomiting, and diet pill ingestion were more
common in adolescents who are obese compared with
those who are normal weight and overweighr (263). Six
percent of 6957 middle school children and adolescents in
North Carolina used diet pills and 7.1% used laxatives or
self-induced vomiting. The case prevalence of diet pills
was 3.4 in normal weight, 4.1 in overweight, and 9.5 in
adolescents who are obese; the case prevalence of laxa-
tives was 1.3, 0.7, and 3.2, respectively; and the case
prevalence of self-induced vomiting was 3.4 in normal
weight vs 7.6 in adolescents who are obese. Females more
commonly abused substances for weight loss, such as
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tobacco, alcohol, and marijuana; they were also more
likely to participate in risky sexual behaviors (263).
Clinicians should discuss these maladaprive behaviors at
clinic visits, as they are potentially harmful. It is im-
portant to emphasize moderation rather than restriction
and to counsel against risky weight loss strategies

Remarks

As psychosocial issues are so prevalent, providers
should psychologically screen all youths who are obese
for the presence of mental health issues, asking questions
regarding:

¢ school absences/refusal

e teasing by peers regarding weight/appearance

® persistent anxiety

e depression/self-harm

= anger outbursts

e sexual activity, alcohol, drug use

e cating disorders—purging, anorexia, binge eating

e family functioning/family atritudes about weight and
specifically obesity/parent psychopathology.

Parents and/or children and adolescents should
complete a mental health screening measure, such as the
Pediatric Symptom Checklist (266). Clinicians can review
this during patient visits and refer patients to a mental
health professional when indicated. Obesity-relared
mental health issues are a pervasive problem, and a
team-based approach is essential, involving school
counselors, nurses, and reachers, as well as health care
providers. It might also be helpful to consult with school
personnel to initiate school-based counseling. A list of
local programs (e.g., YMCA, Boys and Girls Clubs) that
offer physical activity programs and healthy snacks is
also helpful. Behavioral modification is helpful in de-
termining the child’s readiness to change and potential
barriers to achieving change (264).

Pharmacotherapy

4.8 We suggest pharmacotherapy for children or
adolescents with obesity only after a formal
program of intensive lifestyle modification has
failed to limit weight gain or to ameliorate
comorbidities (2i2000). We recommend
against using obesity medications in children and
adolescents <16 years of age who are overweight
but not obese, except in the context of clinical
trials. (11&000)

4.9 We suggest that FDA-approved pharmacother-
apy for obesity be administered only with a
concomitant lifestyle modification program of
the highest intensity available and only by cli-
nicians who are experienced in the use of
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antiobesity agents and are aware of the potential
for adverse reactions. (23000)

4.10 We suggest that clinicians should discontinue
medication and re-evaluate the patient if the patient
does not have a >4% BMI/BMI z score reduction
after taking antiobesity medication for 12 weeks at
the medication’s full dosage. (2/200Q)

Evidence

The FDA recently approved a number of weight-loss
medications for adults (216, 267, 268) and considers
these medications to be appropriate for those =16 years
of age who have BMI = 30 kg/m” or who have BMI =
27 kg/m™ and ar least 1 weighr-related comorbid con-
dition (e.g., hypertension or T2DM). However, although
the utility of pharmacotherapy in pediatric obesity has
been recently reviewed (269-271), there are no published
data directly comparing adult and adolescent outcomes
for obesity pharmacotherapy.

Physicians should be discouraged from prescribing
weight loss medications off-label to those <16 years old
because of: 1) the lack of FDA approval for use; 2) the
limited number of well-controlled satery and efficacy
studies in obese children and adolescents, 3) the limited
efficacy demonstrated in adults for most agents, and 4)
the need to weigh the relative risk of drug-induced ad-
verse events in children and adolescents against a med-
ication’s long-term theoretical potential for reducing
obesity-related morbidity and mortality.

Despite these concerns, the negative health impact
of pediatric obesity may justify long-term medication.
However, pharmacotherapy should only be prescribed in
combination with comprehensive lifestyle modification
programs (210, 271-274) that have substantial efficacy
(270). The limited available evidence suggests the best
pediatric pharmacotherapy outcomes are among patients
adherent to lifestyle program recommendations (275).

Among pharmacotherapeutic agents approved for
adult obesity (Table 5), only orlistat is FDA approved for
obesity treatment of ages 12 to 16 years. Orlistat
(299-305) inhibits gastrointestinal lipases, reducing ad-
olescent’s fat absorption by ~30% (299). Orlistat reduces
BMI significanty in adolescents by ~0.7 to 1.7 kg/m”
(150, 318), but treatment 1s associated with significant
gastrointestinal side effects (Table 5). Orlistat must be
taken with each meal, thus reducing its utility in school-
attending adolescents. Orlistat appears to affect the ab-
sorption of fat-soluble vitamins Eand D (299). Available
data suggest that ~50% of pediatric patients that are
prescribed orlistat discontinued it within 1 month, 75%
stop using it by 3 months, and only 10% remain on
orlistat after 6 months (319, 320). Given its limired
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Table 4. Factors Associated With Prevention of Pediatric Obesity
Relationship
to the
Development
of Obesity or
Metabolic
Study Format Relationship Source Improvement
4.2 Increased sugar sweetened beverages intake
2- to 5-y-old children from varfous ~ There was a decrease of 57 calories/d intake of sugar- Ford et al, Probable +
periods of the National Health and sweetened beverages between 2003-2004 and 2015 (112)
Nutrition Examination Surveys 2009-2010 with no appreciable change in sugar
intake thereafter up to 2011-2012
Cross-sectional analysis of 4880 Sugar-sweetened beverage intake was independently Kosova et al,, +
children between 3 and 11 y from associated with decreased HDL, increased C-reactive 2013 (113}
the National Health and Nutrition protein, and increased waist circumference
Examination Survey between 1999
and 2004
Longitudinal study of 8600 children in - There was a 1.4 odds ratio for being obese if a 5-y-old  DeBoer et al., +
the Early Childhood Longitudinal child drinks 4 or 5 sugar-sweetened beverages per 2013 (114)
Survey-Birth Cohort day but no such risk for 2-y-old; however there was
a significant influence on drinking sugar-sweetened
beverages at 2 y of age and an increase in BMI zscore
during the next 2 y
Randomized controlled study of 224  There was & decrease in the change in BMI and weight  Ebbeling et af., -
teenagers that reduced sugar at 1y but no difference at 2 y 2012 (115)
sweetened beverage intake
Eighteen-month study of 642 There was an increased weight gain and increase in ~ de Ruyteret al., +
primarily normal-weight Dutch BMI in the sugar-sweetened group 2102 (116)
children aged 4y 10moto 11y 11
mo who were divided into groups
receiving 8 ounces of sugar-free
drink or 105 kcal containing sugar-
sweetened drinks
One hundred forty-six 7- to 11-y-alds There was no difference in the level of satiety de Ruyter et al., +
drinking sugar-free or sugar- experienced; the conclusion is that the child will not 2012 (116)
sweetened beverages compensate for all calories missing from nonsweetened
drinks, which may partly explain a lower degree of
weight gain with nonsweetened drink ingestion
4.3 Higher level of activity®
Meta-analysis of 11 RCTs of activity  There was little effect on BMI, but there were decreases  Cesa et af,, -
ranging in length from 20 min to in triglycerides and systolic and diastolic blood 2014 (117);
>1 h/d and ranging in frequency pressure when the intervention lasted at least 6 mo; Vasconcellos
from twice a week to every day of total cholesterol, however, did increase during some et al, 2014
the school week studies (118)
Nine randomized controlled pediatric At least 3 mo of exercise in 3 sessions per week of Garcia-Hermoso -
studies (n = 367) included in 60 min each led to decreased fasting glucose and etal; 2014
a meta-analysis insulin and body fat (119)
Meta-analysis of 24 studies of fasting  There was a small but positive effect in impraving Fedewa et al., -
insulin levels and 12 studies on fasting Insulin resistance in children, with the 2014 (120)
insulin resistance in pediatric greatest effect occurring in those with the highest
normal weight overweight and BMI standard deviation values
obese
Systematic review of 16 studies of ~ There was small positive effect of bone-targeted Nogueira and =
school-based jumping exercises exercise on fat mass (SMD, —0.248; 95% Cl, Hrovat, 2014
—0.406 1o —0.089) and lean mass (SMD, 0.159; (121)
95% Cl, —0.076 to 0.394), but there are few studies
Meta-analysis of 40 studies on the Resistancetraining in children and adolescents whoare  Schranz et al,, -
effect of resistance training in overweight and obese appears to generally have 2013 (122)
pediatric overweight or obese very small to small effects on body composition and
moderate 10 large effects on strength
Systematic review of 2 aggregate  Exercise decreased the percentage of body fatbutdoes  Kelley and Kelley, =
data meta-analyses representing not necessarily have an effect on BMI; therefore, 2013 (123)
14 and 17 studies in 481 and 701 replacing fat tissue with muscle may not necessarily
boys and girls, respectively be reflected by characteristic clinic-based
anthropomorphic data
(Continued)
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Table 4. Continued

Study Format

Relationship

Randomized controlled pediatric
study of =200 subjects who
experienced 20 or 40 min of fun but
nonetheless aerobic activity 5 diwk
during 13 wk

There was a dose response decrease in insulin
resistance measured by the area under the curve of
an oral glucose tolerance test, decreased total body
fat and visceral fat, and a similar improvement in
fitness measured by peak VO2; the conclusion is that
there 1s benefit for a child who is obese if the child
will actually engage in at least 20 min of aerobic
exercise 5 diwk, (and we expect this may extend to
the prevention of obesity)

4.4 Decreased sleep duration or variation

A systematic review and unbiased
meta-analysis of 11 longitudinal
studies of 24,821 children and
adolescents

Sleep duration in a cross-sectional
pediatric study (n = 676)

Variability in sleep duration of 10 min
per night

One hour decrease in pediatric sleep
duration (n = 441) during 200 d

Sleeping <10 h at 16 mo of age in
1303 twins

Increasing pediatric sleep duration an
average of 2 h 20 min (n = 37)

Three hundred eleven term infants,
sleep duration at 9 mo, 18 mo, and
3y of age

Eight hundred two 4- fo 14-y-old
children and adolescents; sleep and
intake followed for 7 d

Longitudinal cohort study of 550
children of average age 9.6 y

A meta-analysis of 12 studies
including 20,003 children

4.5 Increased screen time

Measurements at ~ 12y of age of 234
parents from a previously
established cohort were compared
with 382 of their offspring for
screen time and measures of
adiposity

A systematic review of 7 prospective
studies on televisian time and 1
study on computer use

Seventy children studied every 6 mo
during 2 y in a randomized
controlled study to decrease
television viewing 50% and
decrease sedentary activity in the
intervention group of 35

There was a twofold increase in risk for obesity with
"short" sleep duration according to sleep standards

Energy density of the diet, added sugar, and SSBs
decreased with increased sleep

This was positively associated with energy derisity (P=
0.04), sugar-sweetened beverages intake (P=0.03),
and Children’s Sleep Habits Questionnaire score
independent of sleep duration

There was a higher intake of added sugar (P = 0.001)
and sugar-sweetened beverages (P = 0.002) with no
change in energy density of the diet (P = 0.78)

There was a 50 kecal increased intake

There was decreased caloric intake by 134 keal/d and
lowered plasma leptin

There was no relationship between sleep duration and
adiposity indicators in 8- to 36-mo-old children: the
SKOT cohort

There was no relationship between sleep duration and
energy intake, but there was a trend toward
a positive association with intake of dietary fiber and
vegetables and a negative association with intake of
poultry, and a trend toward a negative association
with intake of liquid "discretionary calories”

There was an odds ratio of 2.08 for obesity with <10 h
sleep

There was a 1.86 odds ratio for obesity with “short”
duration of sleep

Both generations demonstrated a relationship
between screen time and obesity at about 12.5 y of
age, demonstrating a need to target high-risk
families across generations

Six studies of varying guality demonstrated a positive
relationship between screen time and the
development of obesity

The intervention decreased sedentary activity especially
In lower socioeconomic group children; there was
relationship between decreased television viewing,
decreased BMI, and decreased energy, but not
increased activity

Relationship
to the
Development
of Obesity or
Metabolic
Source Improvement
Davis et al,, 2011 —
(124
Fatima et al., +
2015 (125)
Kjeldsen et al., +
2014 (126)
Kjeldsen et al, &
2014 (126)
Hjorth et al., +
2014 (127);
Kjeldsen et al.,
2014 (128)
Fisheretal, 2014 +
(128)
Hart et al,, 2013 +
(129)
Klingenberg None
etal, 2013
(130)
Hoppe et al., None
2013 (131)
Chaput et al., +
2011 (132)
Cappuccio et al,, -
2008 (133)
teffen et al,, +
2013 (134)
te Velde et af, +
2012 (135)
Epstein et al., -
2008 (136)
(Continued)
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Table 4. Continued

Relationship
to the
Development
of Obesity or
Metabolic
Study Format Relationship Source Improvement
4.6 Increased family involvement in prevention
Fifteen RCTs of family-based lifestyle  Family-based interventions based in behavior theory  Sung-Chan et al., =
interventions for children and had mare effect than did those theoretically 2013 (137)
adolescents connected to family systems theory
A systematic review including 24 Although there were inadeguate data to determine  van der Kruk Probable +
studies including parental whether parental Involvement in prevention etal, 2013
involvernent in long-term weight- programs is important, medium and high levels of (138)
control interventions with parental involvement in obesity treatment programs
a nutritional focus improved outcomes, suggesting that parental
involvement should be studied in prevention
Fifteen studies (7 were longitudinal)  There was inconsistent and weak evidence of an Valdes et al., None
included measures of frequency of Inverse association between the frequency of family 2013 (139)
family meals although in an meals and risk of pediatric overweight; there is need
inconsistent manner for robust longitudinal studies on this topic
A systematic review of 9 studies Most studies demonstrated increased intake with Small etal., 2013 -
including portion manipulation increased portion size, and that parents can be (140)
interventions or portion education/ educated 1o estimate portion size more accurately,
training interventions but there were other studies that contradicted both
concepts
4.7 Disordered family function or abuse
Systematic review of 16 Lower levels of family functioning, including poor Halliday et al,, +
cross-sectional and 1 longitudinal communication, poor behavior control, poor family 2014 (141)
study of family function cohesion, nign levels of family conflict, and low
family hierarchy values representing low authority,
dominance, and decision power, showed low to
moderate relationship 1o the subject’s classification
of pediatric obese or overweight; however, out of 4
interventional studies only 2 showed that improved
family functioning decreased the risk of obesity, but
these studies were suboptimal
A meta-analysis of 41 studies Pediatric maltreatment was associated with a 1.36 Danese and Tam, +
including 190,285 participants increased risk ratio for pediatric obesity 2014 (142)
Systematic review of 36 studies Interpersonal violence increased the risk of obesity later  Midei etal, 2071 +
in life (143)
Systematic review of 6 prospective Stressful environments during childhood and Vamosi et al., +
and 2 retrospective studies adolescence, including lack of good care, pediatric 2010 (144)
anxiety disorders, learning difficulties, low school
achievement, and childhood/adalescence abuse,
increased adult obesity risk, depression in
adolescence, and increased the risk for obesity in
girls only
4.8 Increased school involvement
Nine community-hased studies (5 There was moderate strength of evidence that Bleich etal., 2013 =
RCTs and 4 non-RCTs) of which 1 a combined diet and physical activity intervention in (145)
was conducted only in the the community with a school component is effective
community setting, 3 were at preventing obesity or overweight
conducted in the community and
school setting, and 5 were
conducted in the community
setting in combination with at least
1 other setting, such as the home
A systematic review of 16 studies School programs with more community involvement  Krishnaswami -
involving schoal prevention were more successful than those with less etal, 2012
programs with community community invalvernent (1486)
involvernent
(Continued)
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Table 4. Continued
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Study of Adolescent Health

in boys; however, analysis of sibling pairs eliminated
any significance from the relationship,
demonstrating the effect of confounding effects on

Relationship
to the
Development
of Obesity or
Metabolic
Study Format Relationship Source Improvement
Meta-analysis of 37 studies of 27,946 There were beneficial effects of pediatric obesity Waters et al., =:
children generally between 6 and prevention programs on BMI with scheol curriculum 2011 (147)
12 y of age that includes healthy eating; physical activity and
body image; increased sessions for physical activity
and the development of fundamental movement
skills throughout the school week; improvements in
nutritional quality of the foad supply in schools;
environmenis and cultural practices that support
children eating healthier foods and being active
throughout each day; support for teachers and other
staff to implement health promotion strategies
and activities, as well as parent support and
home activities that encourage children to be
more active, eat more nutritious foods, and
spend less time in screen-based activities;
however, weaknesses in studies and potential
bias point to the necessity for improved studies in
the future
4.10 Increased breast feeding
Meta-analysis of 25 studies with Breast-feeding was protective of the development of  Yan et al, +
a total of 226,508 participants obesity with a dose response effect in 17 studies 2014 (148);
Kramer et al.,
2009 (149)
A cluster-randomized trial of a breast-  Although there were substantial increases in the Kramer et al., None
feeding promotion intervention of duration and exclusivity of breast-feeding, there was 2008 (149)
13,889 subjects (81.5%) followed no reduction in obesity at age 6.5 y
up at 6,5y from 31 Belarusian
maternity hospitals and affiliated
clinics
Meta-analysis of 10 studies of breast-  Five studies showed protective effects and 5 did not,  Weng et al., Mixed
feeding likewise, there were mixed findings on length of 2012 (150)
breast-feeding and time of introduction of
complementary food
Cohort analyses of 11,998 teenagers  There was a decreased risk of obesity in girls breast-fed  Nelson et al., +
from the National Longitudinal at least 9 mo with similar, but less significant, effects 2005 (151)

cohort analyses

Note: Mumbers 4.2-4.8 and 4.10 refer to numbered recommendations in the manuscript.

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interyal; HDL, high-density lipoprotein; RCT, randomized
controlled trial; SKOT, Scottish Childhood Obesity Treatment Trial, SMD, standardized mean difference; TV, television; VO2, oxygen

consumption.

“Some studies Included obese children and adolescents, but results may relaté to prevention

efficacy and low long-term use, orlistat appears of limited
benefit in pracrice.

Additional medications not FDA approved for the
treatment of pediatric obesity

Metformin (306-311, 321-334) is not FDA approved
for obesity treatment. However, metformin reduces hepatic
glucose production, increases peripheral insulin sensitivity,
and may reduce appetite (335). Metformin decreases BMI,
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but with a mean decrease of only 1,16 kg/m* over 6 to
12 months (336). Metformin may also possibly be useful in
combaring the weight gain ohserved in children and ado-
lescents who are taking atypical psychotropic medications
(337, 338) or who have PCOS (324, 331, 339). However,
given its limited weight-loss efficacy, metformin is nor a
considered a weight-loss treatment.

Sibutramine (275, 284, 2835, 340-346) was removed
from the US market in 2010 because of concerns for
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Weight (kg)

HDL(mg/dI)*

1 I 4

TG (mg/dI)**

*Baseline weight (median & IQR): 62,5 (52.1, 89.5)
Qaﬂeﬂm weight (median & IQR): 70.1 (56.4, 87.5)

Figure 2. Change in metabolic outcorme per unit change in BMI or weight. Abbreviations: HDL, high-density lipoprotein; SBP, systalic blood

pressure; TG, triglyceride.

cardiovascular safery bur remains available in several
other countries.

Other medications approved for obesity treatment
of =16 years of age or under investigation generally have
few relevant pediatric data (297, 298) (Table 5).

Some centrally active, amphetamine-like catecholamin-
ergic and dopaminergic stimulants, such as phentermine
and diethylpropion, are FDA approved as short-term
monotherapy (a few weeks) for obesity in adults. Re-
cently, lisdexamfetamine dimesylate was FDA approved to
treat binge eating in adults (282, 283). Lisdexamfetamine
treatment was associated with short-term weight loss, but
this medication is not FDA approved for weight manage-
ment. Because of adverse effect profiles (Table 5), abuse
potental (347), and the absence of trials showing long-term
weight loss efficacy, none of the amphetamine-like agents is
recommended for obesity management in children and
adolescents.

Although not FDA approved for the treatment of
obesity, GH treatment of children and adolescents with
Prader-Willi syndrome, particularly when started early
(90), decreases body fat percentage and increases lean
body mass (348), with effects that may be sustained for
the long term (90). A summary of the benefits and risks of
GH treatment (349) and consensus guidelines for GH
therapy in Prader-Willi Syndrome are available (350).

Ocrreoude limits the opening of voltage-gated calcium
channels in beta cells (351, 352), decreasing the magni-
tude of insulin response to glucose (353). In obese adults
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with insulin hypersecretion, treating with long-acting
repeatable octreotide for 6 menths resulted in ~2%
greater weight loss than in controls (316). Studies have
reported weight stabilization, instead of significant
weight gain, in children and adolescents with hypotha-
lamic obesity treated with somatostatin analogs (315,
354). Given its side-effect profile, octreotide appears to be
potentially beneficial only for those with hypothalamic
obesity.

Liraglutide, a glucagon-like peptide 1 analog, is ap-
proved for long-term adult obesity treatment; the effec-
tive 3 mg dose produced an additional weight loss of
4.5% vs placebo at 1 year, with sustained effects for up to
2 years (355). Small trials suggest that another glucagon-
like peptide 1 analog, exenatide, may potentally have
efficacy in adolescent obesity; used for =3 months,
exenatide reduced BMI by >1 kg/m® (compared with
control), with continued BMI reduction during a 3-month
open-label phase (297, 298).

Leptin therapy in leptin-deficient patients produces
significant loss of fat mass (295, 356, 357). Un-
fortunately, leptin therapy in adults who are nor leptin
deficient has little effect on body weight (358-360).

Agents that have been recently approved for long-term
obesity treatment in adults (Table 5) currently lack
pediatric-specific data. The additional weight loss (beyond
that achieved with placebo) at 1 year among adults ranges
from ~3% (lorcaserin) to ~10% (phentermine plus
topiramate) (267), but none is without potential risks. If
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adult patients taking full-dose lorcaserin, bupropion plus
naltrexone, liraglutide, or phentermine plus topiramate do not
see clinically meaningful weight loss (>3% to 5% of body
weight) after 12 weeks, clinicians should discontinue treat-
ment, because significant weight loss after 1 year is unlikely,
Similar results were found for adults given orlistat (361). In the
largest adolescent orlistat trial (362), 21% of orlistat-treated
adolescents decreased their body weight by =5 % at 12 weeks
and went on to decrease body weight by 7.8% after 1 year of
treatment; however, those who lost <5% at 12 weeks had a
2.3% weight gain after 1 year (362). Thus, clinicians should
discontinue pharmacotherapy agents when sufficient weight
loss is not observed after 12 weeks,

Values and preferences

We placed a higher value on avoiding drug side effecrs
and on achieving healthy weight through the incorporation
of healthy behaviors. The suggestion to minimize the use of
pharmacotherapy in children and adolescents reflects the
limited efficacy and small number of long-term pediatric
trials for existing agenrs, along with the imperative to
manage pediatric obesity as a serious chronic condition in
which long-term success overrides short-term gains.

Remarks

Drugefficacy is based only on reductions of BMT or BMI z
scores, Antobesity drugs may have differental effects on
obesity-associated comorbidities based on their mechanisms
of action. For example, certain medications (e.g., metformin)
have more potent effects on glucose tolerance. Clinicians
should tailor drug selection to the individual padent and pay
strong attention to the patient’s concomitant medications,
medical conditions, and family history, as well as each
medication’s efficacy and adverse event profile. The benefits
of ‘any drug used to trear pediatric obesity should clearly
outweigh its long-term risks. Clinicians should be aware that
no obesity medication has been shown to reduce the in-
cidence of cardiovascular morbidity or mortality (267).

The recommendation to discontinue medication when
it appears relatively ineffective after 12 weeks of use is
consistent with adulc obesity pharmacotherapy labeling.
The FDA label for liraglutide recommends disconrinua-
tion when adults have <4% weight reduction. Most
drugs should be discontinued if a 5% decrease in BM1/
BMI z score does not occur.

Although pediatricians prescribe many medications
“off-label”, we think pharmacotherapeutic agents not yet
approved for the treatment of pediatric obesity should be
restricted to large, well-controlled clinical studies.

Bariatric surgery

4.11 We suggest bariatric surgery only under the
following conditions:

29
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e the patient has attained Tanner 4 or 5 pubertal
developmenr and final or near-final adult
height, the patient has a BMI of >40 kg/m” or
has a BMI of >35 kg/m® and significant,
extreme comorbidities

* extreme obesity and comorbidities persist
despite compliance with a formal program
of lifestyle modification, with or without
pharmacotherapy

* psychological evaluation confirms the stability
and competence of the family unit, psycholog-
ical distress due to impaired QOL from obesity
miay be present, but the patient does not have an
underlying untreated psychiatric illness

e the patient demonstrates the ability to adhere
to the principles of healthy dietary and acrivity
habits

e patient has access to an experienced surgeon
in a pediatric bariatric surgery center of ex-
cellence providing the necessary infrastructure
for patient care, including a team capable of
long-term follow-up of the metabolic and
psychosocial needs of the parient and family.
(2I2000)

4.12 We suggest against bariatric surgery in pre-
adolescent children; pregnant or breast-feeding
adolescents (and those planning to become
pregnant within 2 years of surgery); and in any
patient who has not mastered the principles of
healthy dietary and activity habits and/or has an
unresolved substance abuse, eating disorder, or
untreated psychiatric disorder. (2&000)

Evidence

Clinicians prescribe bariatric procedures for weight
loss in adolescents because of the poor success of non-
surgical treatment in achieving and mainraining weight
loss in adolescents with extreme obesity.

Indications for weight loss surgery include BMI of
=35 kg/m” with major comorbidities of obesity (T2DM,
moderate to extreme sleep apnea, pseudotumor cerebri,
debilitating orthopedic problems, and nonalcoholic steato-
hepatitis with advanced fibrosis). Patients are also candi-
dates for bariatric surgery if they have a BMI of =40 kg/m?
with mild comorbidities (hypertension, dyslipidemia, mod-
erate orthopedic problems, mild sleep apnea, nonalcoholic
steatohepatits, and extreme psychological distress that is
secondary to their obesity) (363).

Because of the beneficial effects on QOL, social re-
lationships, and depression in studies of adolescents
(364-367), some as long as 2 to 3 years in duration
(368, 369), proponents of bariatric surgery suggest that
extreme psychological distress is an indication for
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Table 5. Medications Studied for the Long-Term Treatment of Obesity
Monitoring and
Drug Status Common Side Effects Contraindications Source

Centrally acting anorexigenic agents

Phentermine,
diethylpropion,
and mazindol®

Lisdexamfetamine
dimesylate?

Sibutramine

Lorcaserin?

Approved only for short-
term use in adults

Not FDA approved for
obesity. Approved for
binge eating disorderin
adults and for attention
deficit hyperactivity
disorder in patients 6 y
of age and older

Withdrawn in the US
(increased risk of
serious cardiovascular
events). Still available in
s0me countries such as
Brazil

Approved for leng-term
use in adults

Insominia, elevation in
heart rate, dry mouth,
taste alterations,
dizziness, tremors,
headache, diarrhea,
constipation, vomiting,
gastrointestinal
distress, anxiety,
restlessness

Dry mouth, steeplessness
(insomnia), increased
heart rate, jittery
feelings, constipation,
anxiety

Tachycardia,
hypertension,
palpitations, insomnia,
anxiety, nervousness,

depression, diaphoresis

Headache, dizziness,
fatigue, nausea, dry
mouth, cough, and
constipation; back
pain, cough,
hypoglycemia in
patients with T2DM

Monitor HR, BP. These
medications are
contraindicated in
uncontrolled
hypertension,
hyperthyroidism,
glaucoma, agitated
states, history of drug
abuse, and MAQIs; use
caution when
prescribing to patients
with even mild
hypertension

This medication is
contraindicated with
MAQIs. There isa risk
for sudden death in
people who have heart
problems or heart
defects, and stroke and
heart attack in adults.
Monitor blood pressure
and heart rate, May
produce psychotic or
manic symptoms, such
as halluanations,
delusianal thinking, or
mania. May worsen
peripheral
vasculopathy, including
Raynaud phenomenon

Monitor HR, BP. Do not
use with ather drugs,
MADQIs

There is a risk for
serotonin syndrome or
neuroleptic malignant
syndrome-like
reactions. Evaluate
patients for signs or
symptorns of valvular
heart disease.
Euphona,
hallucination, and
dissaciation have been
seen with
supratherapeutic
doses. Interactions with
triptans, MAOQIs,
including linezolid,
S5Rls, SNRIs,
dextromethorphan,
tricyclic
antidepressants,
bupropion, lithium,
tramadol, tryptophan,
and St. John's wort

Rauh and Lipp, 1968

(276); Lorber, 1966
(277); von Spranger,
1965 (278); Andelman
etal, 1967 (279);
Golebiowska et al.,
1981 (280);
Kornorowski, 1982
(281)

MecElroy et al., 2015 (282);

McElroy et al., 2015
(283)

Berkowitz et al.,, 2003

(275); Godoy-Matos
et al., 2005 (284);
Berkowitz ef al,, 2006
(285)

Smith et al., 2010 (286);

Fidler eral., 2011 (287)

(Continued)
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Common Side Effects

Monitoring and
Contraindications

Source

Table 5. Continued
Drug Status
Liraglutide? Approved for long-term
use in adults

Phentermine plus
topiramate®

Approved for long-term
use in adults

Bupropion plus
naltrexone®

Approved for long-term
use in adults

Nausea, diarrhea,
constipation, vomiting,
headache, decreased
appetite, dyspepsia,
fatigue, dizziness,
abdominal pain,
increased lipase

Paresthesias, dizziness,
taste alterations,
insomnia, constipation,
dry mouth, elevation in
heart rate, memory or
cognitive changes

Nausea, constipation,
headache, vomiting,
dizziness, insomnia, dry
mouth, diarrhea

Monttor heart rate at
regular intervals. This
medication is
contraindicated In
patients with a history of
medullary thyroid
carcinoma or in patients
with multiple endocrine
neoplasia syndrome
type 2. Discontinue
promptly if pancreatitis is
suspected

This medication is
contraindicated in
glaucoma,
hyperthyroidism,
MAQIs. Concerns
about teratogenicity
(increased risk of oral
clefts) mandate
effective contraceptive
use and pregnancy test
maenitoring in females.
Metabolic acidosis,
hypokalemia, and
elevated creatinine
have been reported,
and periodic
manitoring is advised.
Abrupt withdrawal of
1opiramate may cause
seizures

Manitor HR, BP. Do not
administer to patients
with a history of seizure
disorders or with anorexia
or bulimia nervosa or to
patients who are using
oploids or abruptly
discontinuing use aof
alcohol, benzodiazepines,
barbiturates, or
antiseizure medications.
There is potential
increased risk of suicidality

Drugs in development or used off-label that may act centrally as anorexigenic medications

Recombinant human This drug is under
leptin, metreleptin®  investigation. In
monotherapy it was
successful for treating
leptin deficiency

Headache, abdominal
pain

This drug is useful only in
leptin deficiency.
Antibodies with
neutralizing activity have
been identified in
patients treated with
metreleptin. T cell
lymphoma has been
reported in patients with
acquired generalized
lipodystrophy. A risk
evaluation and
mitigation strategy
should be in place 10
prevent inappropriate
prescription

Zinman etal, 2009 (288);
\Wadden et al,, 2013
(289); Astrup et al.,
2009 (290)

Garvey et al., 2012 (291);
Allison et al., 2011
(292)

Greenway et al,, 2010
(293); Padwal, 2009
(294)

Faroogi etal., 2002 (105);
Faroogi et al, 1999
(295)

(Continued)
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Table 5. Continued
Monitoring and
Drug Status Common Side Effects Contraindications Source
Exenatide® Not FDA approved for Nausea, vomiting, Acute pancreatitis, Rosenstock et al, 2010
obesity diarrhea, feeling jittery,  including fatal and (296); Kelly etal., 2013

dizziness, headache,
dyspepsia

Drugs affecting nutrient trafficking
Orlistat This drug is FDA approved Qily spotting, flatus with

fortreatment of obesity  discharge, fecal
in adolescents =12 y urgency, fatty/oily
ald stool, increased

defecation, fecal
incontinence

Drugs affecting internal milieu/metabolic control
Metformin® This drug is not FDA Nausea, flatulence,
approved for obesity. 1 bloating, diarrhes;
is approved for =10 y usually resclves
of age for T2DM

Cholelithiasis (can be
prevented by
concurrent ursodiol),
diarrhea, edema,
abdominal cramps,
nausea, bloating,
reduction in T4
concentrations,
decreased GH but
normal [GF-l

Octreotide (for
hypothalamic
obesity)?

This drug Is not FDA
approved for obesity

nonfatal hemorrhagic
or necrotizing
pancreatitis, has been
reported. Observe
patients carefully for
signs and symptoms of
pancreatitis. Discontinue
promptly if pancreatitis is
suspected.
Contraindicated in
patients with severe
renal impairment

This drug is contraindicated
in chronic malabsorption
syndromes and
cholestasis,
Cholelithiasis and, rarely,
severe liver injury,
induding hepatocellular
necrasis and acute
hepatic failure leading to
death, have been
reported. It decreases
drug concentrations of
cydosporine and
levothyroxine. Doses
should be temporally
separated from orlistat.
Fat-soluble vitamin
ahsorption is decreased
by orlistat. Use with
caution in those at risk
for renal insufficiency.
MVI supplementation is
strongly recommended.
A low- dose preparation
is approved for over-the-
counter sale

Do not use in renal failure
orwith L.v. contrast. Mv|
supplementation is
strongly recommended
Potential risk for vitamin
812 deficiency when
used long-term. Avoid
alcohol intake

Monitor fasting glucose,
FT4, HbA1c. Useful only
for hypothalamic
obesity. Ursodiol
coadministration is
strongly recommended

(297); Kelly etal,, 2012
(298)

McDuffie et af, 2002

(299); Zhi et al,, 2003
(300); Norgren et al.,
2003 (301); Ozkan

et al., 2004 (302);
McDuffie et al., 2004
(303); Chanoine et al.,
2005 (304); Maahs

et al., 2006 (305)

Freemark and Bursey,

20071 (306); Atabeck
and Pirgon, 2008 (307);
Love-Oshorne et al.,
2008 (308}); Wilsan

et al., 2010 (309);
Yanovski et al., 2011
{310); Kendall et af,
2013 (311)

Gambineri et al., 2005

(312); Hagg et al., 2003
(313); Lustig et al.,
2001 (314); Lustig
et al, 1999 (315);
Lustig etal, 2006 (316)

(Continued)
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Table 5. Continued
Monitoring and
Drug Status Common Side Effects Contraindications Source
Recombinant human This drug is not FDA Edema, carpal tunnel GH should be used only  Shadid and Jensen, 2003
GH? approved for ohesity. [t syndrome, death in after screening to rule (317)

is FDA approved in patients with out obstructive sleep
Prader-Willi syndrome preexisting obstructive apnea in patients with
10 increase height sleep apnea Prader-Willi syndrome.

Clinicians must closely
monitor pulmonary
function, adrenal
function, glucose,
HbAlC

velocity

Note: All agents are contraindicated in pregnancy. See full prescribing information for all adverse effects, cautions, and contraindications. Pharma-
cotherapy is not usually considered if the BMI is below the 95th percentile, but there are additional factors to consider. If we initiate pharmacotherapy early
inthe course of obesity, we may prevent extreme weight gain and metabolic complications, but we may treat an excess of children and adolescents, raise
the rate of unwarranted side effects, and increase the costs to individuals and to sodety. Alternatively, if we begin medication late in the course of obesity,
we run the risk of runaway weight gain and lang-term morbidity. One approach that recanciles these difficulties is to act aggressively with lifestyle
intervention in overweight and mildly obese patients to prevent extreme obesity and to consider pharmacotherapy when the risk of complications is high
or soon after complications emerge. The tipping point for pharmacatherapy could be if the family history is strongly positive for 2 major cormorbidity
Lifestyle intervention should precede pharmacotherapy and should be maintained during pharmacotherapy. Derived from August et al (86)

Abbreviations: BP, blood pressure; CNS, central nervous system; FT4, (plasma) free thyroxine; HR, heart rate; [V, intravenous; MAOI, monoamine oxidase
inhibitor; MW, multivitamins; SNRI, selective serotonin-norepinephrine reuptake inhibitors; SSRI, selective serotonin-reuptake inhibitors; T4, thyroxine.

“The use for obesity treatment in children and adolescents <16 y of age of these non-FDA-approved agents should be restricted to large, well-controlled

studies,

bariatric surgery (368, 370). Most guidelines now in-
clude obesity-related psychological distress an in-
dication for bariatric surgery if the adolescent’s BMI
is =40 kg/m? (363, 370).

A psychologist must assess the bariatric surgery candi-
date to determine the severity of psychological impairment
as well as ability to comply with the requirements for
successful outcome. It is essental that all potential candi-
dates have a stable home environment with good family
support and the ability to carry our the necessary post-
operative behaviors—adherence to dietary guidelines (in-
cluding macronutrient administration) and physical activity
recommendations. Adolescents who are unable to give
assent; who have untreated or unstable psychiatric issues
other than depression; who are substance abusers; or who
are pregnant, planning pregnancy, or breastfeeding are not
good candidates for bariatric surgery (370). All candidates
for bariatric surgery should agree to psychological evalu-
ation before surgery and in the perioperative period (371).

Surgery can be malabsorptive, restricrive, or combina-
tion procedures. Laparoscopic adjustable gastric banding
(LAGB) (83) is a purely restrictive procedure that isolates
the upper stomach by placing an adjustable silicone ring
around the entrance to the stomach [Fig. 3(A)] (223). The
LAGB procedure has high reoperation and long-term
complication rates, which increase with time and thus it
is rarely used anymore (373-375).

Malabsorptive procedures decrease intestinal mucosal
function by rearranging the anatomy of the intestine,

33

resulting in malabsorption of nutrients. RYGB is a
combination procedure in which the surgeon creates a
small stomach pouch and the remainder of the stomach is
bypassed. The surgeon inserts a segment of the jejunum in
the small gastric pouch, which connects to the proximal
portion of the jejunum that drains the bypassed portion of
the stomach and the duodenum [Fig. 3(C)]. The RYGB
has the restrictive properties of a partial gastrectomy
while causing malabsorption and “dumping syndrome™
by bypassing much of the stomach.

In vertical sleeve gastrectomy (VSG), a surgeon resects
~85% of the stomach, removing the fundus and greater
curvature, leaving a narrow gastric remnant [Fig. 3(F)].
There is no rearrangement of the anatomy, making it less
likely that patients having VSG will have malabsorption
of micronutrients or postoperative bowel obstruction, as
compared with RYGB (370), Because VSG has less
surgical complications than the RYGB, patients use it
with increasing frequency (373, 376). The Teen Longi-
tudinal Assessment of Bariatric Surgery (Teen-LABS)
study (a prospective, multisite observational study at 5
academic centers) performed 52 RYGB and 1 V5G m
2008 vs 24 RYGB and 29 VSG in 2011 (377).

In addition to the anatomic effects of the procedures,
both RYGB and VSG decrease the orexigenic hormone
ghrelin (87, 378, 379) and increase the anorexogenic
incretins glucagon-like peptide 1 and peptide YY (380,
381), thus decreasing appetite and improving insulin
sensitivity (382).
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Figure 3. Bariatric surgical procedures. (A) LAGB, (B) vertical banded gastroplasty, (C) RYGB, (D) biliopancreatic diversion, (E) biliopancreatic
diversion with duodenal switch, (F) VSG, (G} ileal interposition with sleeve gastrectomy, and (H) Santoro Il (&), (C), and (F) are applicable to
section 4 (Bariatric Surgery). [Reproduced from Nandagopal R et &l (372), with permissian,|

Adolescents having VSG performed between 2008 and
2011 had 61.3% excess weight loss at 1 vear (n =41) and
62.3% excess weight loss at 2 vears (n = 8) (383). The
largest pediatric study to date found a similar BMI re-
duction with VSG (37%) (384) as with RYGB (35% to
37%) (385) at 1 year following surgery. This is consistent
with the results of the Adolescent Morbid Obesity Study
(376), a Swedish study of 81 adolescents with a mean
BMI decrease from 45.5 t0 29.7 kg/m* 2 vears following
RYGB (367). Three-year data from the Teen-LABS study
found that the mean BMI decreased overall from 53 to
38 kgh‘nl (a decrease of 27%) with a 28% BMI decrease
in those receiving RYGB (n=161) and a 26% decrease in
the teens who had VSG (n = 67) (369).

Regardless of procedure, the percentage of weighr loss
is independent of initial BMI, so those who are extremely
obese will still be obese following surgery (383). Even
when obesity persists, most comorbidities associated with
obesity improve markedly following the surgery. A study
of 22 adolescents who were extremely obese showed
positive effects of RYGE on glucose homeostasis pa-
rameters with 38 % decline in BMI (61 to 39 kg/m?) 1 year
after surgery (386). Positive effects of bariatric surgery
have included the reversal of T2ZDM (387), improvements
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in glucose homeostasis in nondiabetics (379), improved
insulin sensitivity and secretion (388), resolution of sleep
apnea (389), improvements in nonalcoholic steatohe-
patitis (381), improvements in severe arthropathy (371),
and improvements in cardiovascular risk factors [dysli-
pidemia, hypertension, and inflammation (390) and in-
creased adiponeptin and decreased IL-1, [L-8, CRP, and
TNF-a (391)], as well as decreased left ventricular mass
index, improvements in left ventricular hypertrophy,
improvements in diastolic function, and improved rate-
pressure product, all of which suggest decreased cardiac
workload (392).

The Teen-LARS study indicated that 39% of enrolled
patients had more than 4 major comorbid conditions at
baseline (376). Three-year follow-up of the patients en-
rolled in Teen-LABS found a 95% remission of T2DM
(19 of 20 teens who had diabetes at the time of surgery],
76% remission of prediabetes (13 of 17 patients), 74%
remission of hypertension (56 of 76 with initial high
blood pressure), and a 66% normalization of dyslipi-
demia (84 of 128 patients) (369).

The Teen-LABS study assessed comorbid conditions
and surgical complications in the perioperative period in
242 adolescents during the first month following surgery
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(377). There were no procedure-related deaths. Sixty-six
percent had laparoscopic RYGB, 28% had VSG, and 6%
had LAGB. Major complications occurring within the
30 days following surgery (gastrointestinal leaks, suicidal
ideation, anticoagulation for pulmonary embolus) oc-
curred in 7 patients (0.4%), and minor complications
occurred in 27 patients (11.2%; 2.5% of patients un-
dergoing RYGB, 3.0% VSG, and 7.1% AGB) (377). The
most common complications with both RYGB and VSG
were abdominal pain/diarrhea/nausea/dehydration fol-
lowed by stricture with RYGB and wound infection with
VSG (373). Nineteen of 242 patients had major com-
plications within 30 days of surgery (9.3% with RYGB,
4.5% following VSG, and 7.1% with AGB). Late com-
plications occurred in 10% to 15% of padents and in-
cluded hernias at incision sites, cholelithiasis, small bowel
obstruction, stomal stenosis, protein calorie malnutri-
tion, vitamin and mineral deficiencies, and weight regain
(376, 377, 393, 394). The Adolescent Morbid Obesity
Surgery Study in Sweden had a 33% adverse evenr rate,
with 15% (n = 12) requiring reoperation, 5 for internal
hernias, 5 for cholecystectomy, 1 for adhesions, and 1 for
pain without surgical findings (364). Seven percent had
psychological sequelae, 2 with suicide attempts from
medication overdose, 1 with self-destrucrive behavior
and suicidal ideation, and 3 with depression and anxiety.
All had psychological problems before surgery. Five
patients had excessive use of addictive drugs (none of
these patients disclosed the fact that they had preexisting
addictions at the time of presurgery assessment) (367).
Although most patients have improvement in QOL, self-
esteem, anxiety, and depressive symptoms (365), these
improvements were not universally maintained at 2 years
following surgery (368). Suicidal ideation has been re-
ported, possibly related to unrealistic expectations that
their life would be completely different following surgery
or to continued poor self-image with weight regain (367).
The most recent Teen-LABS study, evaluating 242 ado-
lescents ar 3 years after RYGB or VSG, found the mean
QOL improved from 63 to 83 based on the total score
from the Impact of Weight on Quality of Life-Kids
survey (369).

As these procedures all have potential adverse events,
it 1s important to have life-long monitoring for compli-
cations. Adherence to prescribed nutritional guidelines
is essential for all weight-loss surgery patients post-
operatvely because low levels of minerals and vitamins
can occur due to restricted nutrient intake, decreased
gastric acid production, decreased production of intrinsic
factor and digestive enzymes, or food intolerance (es-
pecially following the dumping syndrome with RYGB)
(121, 395). Iron deficiency is the most common mineral
deficiency, as RYGB not only causes malabsorption but
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also has low gastric acid production, further impairing
iron absorption (121, 370). Decreased bone minerali-
zation is common, as RYGB decreases cholecalciferol
absorption by 25% and calcium and phosphorous
concentrations may be low, resulting in significant bone
density loss (396). Viramin deficiencies are common,
including deficiencies of vitamins B12, B1, and folate, as
RYGB and VSG both reduce the surface of the distal
portion of the stomach, resulting in inadequate secretion
of intrinsic factor. Annual screening is recommended for
patients at risk for developing vitamin deficiencies. As
RYGE can result in copper, selenium, and zinc de-
ficiencies, it is recommended that all patients having
bariatric surgery receive supplementation with a multi-
vitamin with minerals (370). Patients need to be moni-
tored long term for changes in bone density, hair loss
secondary to zinc deficiency, and neurologic complica-
tions (363). It is recommended thar they avoid alcohol
and decrease the intake of sugar and fructose-containing
drinks. Despite the importance of nutritional supple-
mentation following bariatric surgery, the Adolescent
Morbid Obesity Surgery study found a 67% non-
compliance rate with prescribed vitamin and mineral
intake at 2 years following surgery. Low ferritin levels
were found in 12% of patients before surgery and in 39%
of patients 2 years after surgery. Similarly, Vitamin B12
deficiency increased from 1.3% before surgery to 13%
after surgery (367). The 3-year follow-up data from the
Teen-LABS study found similar results. Low folate levels
were found in 3% of youths at baseline and in 8% at
3 years, low vitamin B12 concentrations increased
from <1% to 8%, low 25 hydroxyvitamin D levels in-
creased from 37% to 43%, and the percentage of adoles-
cents with low ferritin levels increased from 5% at baseline
to §7% at 3 years (369).

These data emphasize the need for a multidisciplinary
team that should include a bariatric surgeon; a pediatric
obesity specialist to screen and manage the comorbidities, a
dietitian to plan the dier and assure adequate nutritional
intake, a mental health professional to perform the initial
psychological assessment and provide counseling during
the postoperative adjustment, a program coordinator to
facilitate compliance and follow-up, and a social worker
to provide resources to help overcome barriers to care
and run support groups (373). Long-term follow-up
1s essential to maintain compliance with nutritional
recommendations.

We agree with the expert panels (226, 227) that suggest
bariatric surgery for adolescents with obesity-related
comorbid conditions that threaten the adolescent’s
health—a BMI of >35 kg/m” and an extreme comor-
bidity or a BMI of >40 kg/m? and less extreme

comorbidity.
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Remarks

As adolescents appear to have a greater rate of diaberes
resolution and improvement in other obesity-related
comorbidities than do adults, it may be beneficial to
consider earlier surgery in obese teens, as they likely have
less vascular damage than do older individuals.

Values and preferences

The Task Force suggestion of bariatric surgery in
adolescents who are extremely obese with serious comor-
bidities places a high value on amelioration of life-
threatening complications and lower value on surgical
cost and perioperative complications.

Conclusion

Pediatric obesity remains an ongoing serious interna-
tional health concern affecting ~17% of US children
and adolescents, threatening their adult health and lon-
gevity. Pediatric obesity has its basis in genetic suscep-
tibilities influenced by a permissive environment starring
in utero and extending through childhood and adoles-
cence. Endocrine etiologies for obesity are rare and
usually are accompanied by attenuated growth pat-
terns. Pediatric comorbidities are common and long-term
health complications often resulr; screening for comor-
bidities of obesity should be applied in a hierarchal,
logical manner for early identification before more se-
rious complications result. Genetic screening for rare
syndromes is indicated only in the presence of specific
historical or physical features. The psychological toll of
pediatric obesity on the individual and family necessitates
screening for mental health issues and counseling as in-
dicated. The prevention of pediatric obesity by pro-
moting healthful diet, activity, and environment should
be a primary goal, as achieving effective, long-lasting
results with lifestyle modification once obesity occurs is
difficult. Although some behavioral and pharmacother-
apy studies report modest success, additional research
into accessible and effective methods for preventing and
treating pediatric obesity is needed. The use of weight loss
medications during childhood and adolescence should be
restricted to clinical trials. Increasing evidence demon-
strates the effectiveness of bariatric surgery in the most
seriously affected mature teenagers who have failed
lifestyle modification, but it requires experienced teams
with resources for long-term follow-up, Adolescents
undergoing lifestyle therapy, medication regimens, or
bariatric surgery for obesity will need cohesive planning
to help them effectively transition ro adulr care, such as
continued necessary monitoring, support, and in-
tervention. Transition programs for obesity are an un-
charted area requiring further research for efficacy.
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Despite a significant increase in research on pediatric
obesity since the initial publication of these guidelines 8
years ago, there remains an unmet need for further study
of the genetic and biological factors that increase the risk
of weight gain and influence the response to therapeutic
intervenrions. Also needed are more studies to better
understand the genetic and biological factors that cause
an obese individual to manifest 1 comorbidity vs another
or to be free of comorbidities. Continued investigation
into the most effective methods of preventing and treating
obesity and into methods for changing environmental
and economic factors that will lead to worldwide cultural
changes in diet and activity should be priorities. Parric-
ular attention to determining ways to effect systemic
changes in food environs and total daily mobility, as well
as methods for sustaining healthy BMI changes, is of
importance.

Summary of Changes

Since the publication of the original guidelines 8 yearsago
there have been an additional 1778 references added to
PubMed concerning pediatric obesity, We have in-
corporated the most relevant data from these to update
and enhance the original text.

The epidemiology and definition section contains the
latest statistics on trends in childhood obesity, including
an apparent recent stabilization of the prevalence. New
definitions for extreme obesity are added with a notation
that this is the group thar continues to rise. The preva-
lence in ethnic minorities as well a discussion of the
limitations of applying the BMI equation to all ethnic
groups are addressed.

The evaluation section provides the latest guidelines
for utilizing laboratory evaluation for diagnosis and
management of comorbidities of obesity. Special em-
phasis on avoiding endocrine evaluation in most
children as well as avoiding measurement of insulin
values is provided to prevent unnecessary laboratory
testing.

The genetics section has been extensively revised with
the latest genomic findings presented in table form and
provides guidelines on when to invoke genetic testing in
obese children, particularly those with early onset obe-
sity, family history of extreme obesity, and hyperphagia.
A combined flowchart demonstrating pathways of di-
agnosis from history and physical examination to genetic
testing is included.

Prevention of obesity is discussed with numerous new
studies that support most previous conclusions on life-
style modification. However, although breast-feeding is
beneficial for an infant in numerous ways and was
supported as a recommendation to prevent obesity in the
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previous guidelines, recent dara weaken support for
breast-feeding as a means of preventing obesity and
breast-feeding is now a suggestion.

The treatment section focuses on lifestyle changes as
the basis of all efforts to treat childhood obesity and
supports most previous recommendations and sugges-
tions. A chart demonstrating how much change in systolic
blood pressure and lipid values might be expected with a
decrease in 1 unit of BMI (kg/m?) or a decrease of 1 kg of
body weight is added.

A discussion of the significant toll childhood obesiry
takes on the psychological function of a child follows.
Guidelines for evaluation of children and access to tools
to evaluate child and family function are provided. Re-
ferral to appropriate counseling programs is emphasized
when psychological problems or aberrant family dy-
namics are found.

Although noting tharall bur one of the pharmacological
agents targeting obesity are not approved until 16 vears
of age, agents and their method of action are presented in
derail in a table. Lifestyle modification is emphasized as a
basis for any additional pharmacological therapy. Should
pharmacological therapy be invoked, even off label,
guidelines for use and for discontinuation in the case of
lack of efficacy are provided. When pharmacotherapy is
considered, only clinicians experienced in the use of the
agents should use them.

The increasing information on the benefits and risks of
bariatric surgery is presented along with a discussion of
the types of procedures that might be used. There is
emphasis upon contraindications in the use of bariatric
surgery in growing children and immature teenagers.
Empbhasis that procedures should only be carried out in
those mature pubertal individuals with severe comor-
bidities of obesity in the presence of a morivared and
compliant patient and family and only in the hands of an
experienced surgeon with a dedicated and experienced
support team is provided.

The last section sets new goals for future research
into the thorny questions of the best method to de-
rermine the etiology of childhood obesity and methods
to prevent and treat childhood obesity and its
comorbidities.
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2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency

Cardiovascular Care
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the key components of high-guality CPR: providing adeguste chest compression rate and depth,
minimizing interruptions in CPR, allowing full chest recoil betwesn compressions, and avoiding

excessive ventilation.

_r‘.l

CPR with an advanced airway in place or (b) receiving rescue breathing and have z pulse.
For patients with nonshockable rhythms, the earlier epinephrine is administered after CPR initiation, the

(933

more likely the patient is to survive

4. Using a cuffed endotracheal tube decreases the need for endotrachez| tube changes
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1. High-guality cardiopulmonary resuscitation (CPR) is the foundation of resuscitation. New datz reaffirm

A respiratory rate of 20 to 30 breaths per minute is new for infants and children who are (a] receiving
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5. The routine use of cricoid pressure does not reduce the risk of regurgitation during bag-mask
ventilation and may impede intubation success.

6. For out-of-hospital cardiac arrest, bag-mask ventilation results in the same resuscitation outcomes as
advanced airway interventions such as endotracheal intubation.

7. Resuscitation does not end with return of spontaneous circulation (ROSC). Excellent post—cardiac arrest
care is critically important to achieving the best patient outcomes. For children who do not regain
consciousness after ROSC, this care includes targeted temperature management and continuous
electroencephalography monitoring. The prevention and/or treatment of hypotension, hyperoxia or
hypoxia, and hypercapnia or hypocapnia is important.

8. After discharge from the haspital, cardiac arrest survivors can have physical, cognitive, and emotional
challenges and may need ongoing therapies and interventions.

9. Nzloxone can reverse raspiratory arrest due to opicid overdose, but there is no evidence that it benefits
patients in cardiac arrest.

10. Fluid resuscitation in sepsis is based on patient response and requires frequent reassessment. Balanced
crystalloid, unbalanced crystalloid, and colloid fluids are all acceptable for sepsis resuscitation.
Epinephrine or norepinephrine infusions are used for fluid-refractory septic shock.

Preamble

More than 20 000 infants and children have z cardiac arrest per year in the United States— In 2015,
emergency medical service-documented out-of-hospital cardiac arrest (OHCA) occurred in mare than 7000
infants and children.* Approximately 11.4% of pediatric OHCA patients survived to hospital discharge, but
outcomes varied by age, with survival rates of 17.1% in adolescents. 12.2% in children, and 4.2% in infants. In
the same year, pediatric in-hospital cardiac arrest (IHCA) incidence was 12.66 events per 1000 infant and child
hospital admissions, with an overall survival to hospital discharge rate of 41.1%.~ Neurological outcomes
remain difficult to assess across the pediatric age spectrum, with variability in reporting metrics and time to
follow-up across studies of both OHCA and IHCA. Favorable neurological outcome has been reported in up 1o
47% of survivors to discharge = Despite increases in survival from IHCA, there is more to be done to improve
both survival and neurclogical outcomes*

The International Liaison Committee on Resuscitation (ILCOR) Formulz for Survival emphasizes 3 essential
components for good resuscitation cutcomes: guidelines based on sound resuscitation science, effective
education of the lay public and resuscitation providers, and implementation of a well-functioning Chain of
Survival~

These guidelines contain recommendations for pediatric basic and advanced life support, excluding the
newborn period, and are based on the best available resuscitation science. The Chain of Survival (Section 2),
which is now expanded te include recovery from cardiac arrest, requires coordinated efforts frorm medical
professionals in a variety of disciplines and, in the case of OHCA, from bystanders, emergency dispatchers,
and first responders. In addition, specific recommendations about the training of resuscitation providers are
provided in Part 6: Resuscitation Education Science, and recammendations about systems of care are
provided in Part 7.

Introduction

Scope of Guidelings

These guidelines are intended te be a resource for lay rescuers and healthcare providers to identify and
treat infants and children in the prearrest, intra-arrest, and postarrest states. These apply to infants and
children in multiple settings; the community. prehospital. and the hospital envireanment. Prearrest, intra-
arrest, and postarrest topics are reviewed, including cardiac arrest in special circumstances, such asin
patients with congenital heart disease.

For the purposes of the pediatric advanced life support guidelines, pediatric patients are infants,
children, and adolescents up to 18 years of age, excluding newborns, For pediatric basic life support
(BLS), guidelines apply as follows:

« Infant guidelines apply to infants younger than approximately 1 vear of age.
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« Child guidelines apply to children approximately 1year of age until puberty. For teaching purposes,
puberty is defined as breast development in females and the presence of axillary hair in males.
« For those with signs of puberty and beyond, adult basic life support guidelines should be followed.

Resuscitation of the neonate is addressed in "Part 5: Neonatal Resuscitation” and applies to the newborn
typically only during the first hespitalization following birth. Pediatric basic and advanced life support
guidelines apply to neonates (less than 30 days old) after hospital discharge.

COVID-19 Guidance

Together with other professional societies, the AHA has provided interim guidance for basic and
advanced life support in adults, children, and necnates with suspected or confirmec coronavirus disease
2019 (COVID-19). Because evidence and guidance are evolving with the COVID-19 situation, this interim
guidance is maintained separately from the emergency cardiovascular care (ECC) guidelines. Readers
are directed to the American Heart Assaciation (AHA) website for the most recent guidance

Organization of the Pediatric Writing Committee

The Pediatric Writing Group consisted of pediatric clinicians including intensivists, cardiac intensivists,
cardiologists, emergenicy medicine physicians, medical toxicologists, and nurses. Volunteers with
recognized expertise in resuscitation are nominated by the writing group chair and selected by the AHA
ECC Committee. The AHA has rigarous conflict of interest policies and procedures to minimize the risk of
bias or improper influence during development of the guidelines= Prior to appointment, writing group
members and peer reviewers disclosed all commercial relationships and other potential (including
intellectual) conflicts. Writing group members whose research led to changes in guidelines were
required to declare those conflicts during discussions and abstain from voting on those specific
recommendations. This process is described more fully in “Part 2; Evidence Evaluation and Guidelines
Development.” Disclosure information for writing group members is listed in Appendix 1.

Methodology and Evidence Review

These pediatric guidelines are based on the extensive evidence evaluation performed in conjunction
with the ILCOR and affiliated |LCOR member councils. Three different types of evidence reviews
(systematic reviews, scoping reviews, and evidence updates) were used in the 2020 process.2l After
review by the ILCOR Science Advisory Committee Chair, the evidence update worksheets were included
in Appendix C of the 2020 ILCOR Consensus on CPR and ECC Science With Treatment
Gecommendationss Each of these resulted in a description of the literature that facilitated guideline
development. This process is described more fully in “Part 2 Evidence Evaluation and Guidelines
Development."=

Ciass of Recommendation and Level of Evidence

The writing group reviewed all relevant and current AHA Guidelines for Cardiopulmonary Resuscitation
(CPR) and ECC and all relevant 2020 /LCOR Consensus on CPR and ECC Science With Treatrment
Recommendations evidence and recommendations to determine if current guidelines should be
reaffirmed, revised, or retired or if new recommendations were needed. The writing group then drafted,
reviewed, and approved recommendations, assigning to each a Class of Recommendation (COR, ie,
strength) and Level of Evidence (LOE; ie, quality. certainty). Criteria for each COR and LOE are described
in Table 1

Table 1. Applying Class of
Recommendation and Level of
Evidence to Clinical Strategies,
Interventions, Treatments, or
Diagnostic Testing in Patient Care
(Updated May 2019}
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Open table in a new window.

Guideline Structure

The 2020 Guidelines are organized in discrete modules of information on specific topics or management
issues. = Each modular "knowledge chunk” includes a table of recommendations using standard AHA
nomenclature of COR and LOE. Recommendations are presented in order of COR: most potential
benefit (Class 1), followed by lesser certainty of benefit (Class 2}, and finally potential for harm or no
benefit (Class 3). Follewing the COR, recommendations are crdered by the certainty of supporting LOE:
Level A (high-quality randomized controlled trials) to Level C-EQ (expert opinion). This order does not
reflact the order in which care should be provided.

A brief introduction or short synopsis is provided to contextualize the recommendations with important
background information and overarching managerment or treatment concepts. Recommendation-
specific supportive text clarifies the rationale end key study data supporting the recommendations.
When appropriate, flow diagrams or additional tables are included. Hyperlinked references are provided
to facilitate guick access and review.

Document Review and Approval

The guideline was submitted for blinded peer review to 5 subject matter experts nominated by the AHA
Peer reviewer feedback was provided for guidelines in draft format and again in final format. The
guideline was also reviewed and approved for publication by the AHA Science Advisory and
Coordinating Committee and AHA Executive Committee. Disclosure information for peer reviewers is
listed in Appendix 2.

Abbreviations

Abbreviation Meaning/Phrase

ACLS advanced cardiovascular life support

AED automated external defibrillator

ALS advanced life support

AHA American Heart Association

BLS basic life support

col conflict of interest

COR Class of Recommendation

CPR cardiopulmonary resuscitation

ECC emergency cardiovascular care

ECLS extracorporeal |ife support

ECMC extracorporeal membrane oxygenation

ECPR extracorporeal cardiopulmonary resuscitation
d basieand i i
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Abbreviation Meaning/Phrase
EOC Expert Opinion
ETI endotracheal intubation
FBAO foreign body airway obstruction
IHCA in-hospital cardiac arrest
ILCOR International Liaison Committee on Resuscitation
LD limited data
LOE Level of Evidence
MCS mechanical circulatory support
NR nonrandomized
OHCA out-of-hospital cardiac arrest
PALS pediatric advanced life support
PICO population, intervention, comparator, cutcome
pvT pulseless ventricular tachycardia
RCT randomized clinical trial
ROSC return of spontaneous circulation
SCA supraglottic airway
T™ targeted temperature management
VF ventricular fibrillation
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4 Major Concepts

The epidemiology, pathephysiclogy, and commeon etiologies of pediatric cardiac arrest are distinct from adult
and neonatal cardiac arrest, Cardiac arrest in infants and children does not usually result from & primary
cardiac cause; rather, it is the end result of progressive respiratory failure or shock. In these patients, cardiac
arrest is preceded by a variable period of deteriaration, which eventually results in cardiopulmonary failure,
bradycardia, and cardiac arrest. In children with congenital heart disease, cardiac arrest is often due to s
primary cardiac cause, aithough the eticlogy is distinct from adults.

Outcomes for pediatric IHCA have improved over the past 20 years, in part because of early recognition, high-
quelity CPR, postarrest care, and extracorporeal cardiopulmonary resuscitation (ECPR).= In a recent analysis of
the Get With The Guidelines Resuscitation Registry, 8 large multicenter, hospital-based cardiac arrest registry.
pediatric cardiac arrest survival to hospital discharge was 19% in 2000 and 38% in 2018.2 Survival has increased
on average by 0.67% per year, though that increase hes plateaued since 2010~ New directions of research and
therapy may be required to improve cardiac arrest survival, More cardiac arrest events now occur in an
intensive care unit (ICU) setting, suggesting that patients at risk for cardiac arrest are being identified sooner
and transferred to a higher level of care.®
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Survival rates from OHCA remain less encouraging. In a recent analysls of the Resuscitation Outcomes
Consortium Epidemiological Registry, a multicenter OHCA registry, annual survival to hospital discharge of
pediatric OHCA between 2007 and 2012 ranged from 6.7% to 10.2% depending on region and patient age.
There was no significant change in these rates over time, consistent with other national registries from Japan
and from Australia and New Zealand € In the Resuscitation Cutcomes Consortium Epidemioclogical Registry,
survival of OHCA was higher in regions with more arrests that were witnessed by emergency medical services
and with higher bystander CPR rates, stressing the importance of early recognition and treatment of these
patients.=

As survival rates from pediatric cardiac arrest increase, there has been a shift with more focus on
neurodevelopmental, physiczl, and emotional cutcomes of survivors, Recent studies demonstrate that a
guarter of patients with favorable outcomes have global cognitive impairment and that 85% of older children
who were reported to have favorable outcomes have selective neuropsychologiczl deficits.”

41 The Pediatric Chain of Survival

Historically, cardiac arrest care has largely focused on the rmanagement of the cardiac arrest itself,
highlighting high-gquality CPR, early defibrillation, and effective teamwork. However, there are aspects of
prearrest and postarrest care that are critical to improve outcomes. As pediatric cardiac arrest survival
rates have plateaued, the prevention of cardiac arrest becomes even mare important. In the out-of-
hospital environment, this includes safety initiatives (eg, bike helmet laws), sudden infant death
syndrome prevention, lay rescuer CPR training, and early access to emergency care. When OHCA occurs,
early bystander CPR is critical in improving outcomes. In the in-hospital environment, cardiac arrest
prevention includes early recaognition and treatment of patients at risk for cardiac arrest such as
neonates undergoing cardiac surgical procedures, patients presenting with acute fulminant
miyocarditis, acute decompensated heart fallure, or pulmonary hypertension

Following resuscitation from cardiac arrest, management of the post-cardiac arrest syndrome (which
may include brain dysfunction, myocardial dysfunction with low cardiac cutput, and ischemiz or
reperfusion injury) is important to avoid known contributors to secondary injury, such as hypotension 2=
Accurate neuroprognostication is important to guide caregiver discussions and decision-making. Finally,
given the high risk of neurodevelopmental impairment in cardiac arrest survivors, early referral for
rehzbilitation assessment and intervention is key.

To highlight these different aspects of cardiac arrest management, the Pediatric Chain of Survival has
been updated (Figure T). A separate OHCA Chain of Survival has been created to distinguish the
differences between OHCA and IHCA. In both the OHCA and IHCA chains, a sixth link has been added to
stress the importance of recovery, which focuses on short- and long-term treatment evaluation, and
support for survivors and their families. For both chains of survival, activating the emergency response is
followed immediately by the initiation of high-quality CPR. If help is nearby or z cell phone is available,
activating the emergency response and starting CPR can be nearly simultaneous. However, in the out-
of-hospital setting, 2 single rescuer who does not have sccess to 2 cell phone should begin CPR
[compressions-zsirway-breathing) for infants and children before calling for help because respiratery
arrest is the most cormmon cause of cardiac arrest and help may not be nearby. In the event of sudden
witnessed collapse, rescuers should use an available automatic external defibrillator (AED), because early
defibrillation can be lifesaving.
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Figure 1. Pediatric Chains of Survival for in-hospital (top) and out-of-hospital (bottom) cardiac

arrest.
CPR indicates cardjopulmonary resuscitation.

References

References

]

(€]

tn

Girotra S, Spertus JA LY, Berg RA, Nadkarn| VM, Chan BS; American Heart Association Get With the Guidelines-
Resuscitation Investigators Survival trends in pediatric in-hospital cardiac arrests: an analysis from Get With the
Guidelines-Resuscitation: Circ Cardiovase Qual Dutcomes. 2015614249, doi 101161/CIRCOUTCOMES 112.967268

Holmbere M1, Wiberg 5. Ross CE. Kleinman M, Hoeyer-Nielsen AK, Donnine MW, Andersen LW. Trends in Survival After
Pediatric In-Hospital Cardiac Arrest in the United States. Circwiation. 201%1401398-1408. doi:
10ONGICIRCULATIONAHATS.0&168T

Berg RA, Sutton RM, Holubkov R, Nicholson CE, Dean JM, Harrison R, Heidermann S, Meert i, Newth C, Moler F, Pollack M,

Daton H. Dector A, Wessel I, Berger J, Shanley T, Carcillo 3, Nadkarn| VM; Eunice Kennedy Shriver National Institute of

Child Health and Human Development Collaborative Pediatric Critical Care Ressarch NMetwork and for the American Heart

Association's Get With the Guidelines-Resuscitation (formerly the National Registry of Cardiopulmenary Resuscitation]
Investigators. Ratio of PICU versus ward cardiopulmonary resuscitation events |s increasing. Crit Care Med, 2013412292
2297 deoi: 10,1097/CCM Ob013e31828<f0ch

Eink EL. Prince DK, Kaftrman IR, atkins DL, Austin M, Warden C, Hutchisan J, Daya M, Goldbesrg S, Herren H, Tijssen JA,
Christensen 3, Vaillancourt C, Miller R, Schrnicker RH, Callaway CTW, Resuscitation Outcomes Consertium. Unchanged
pediatric out-of-hospital cardiac arrest Incidence and survival rates with regionalvariation in North America
Resuscitation. 2006107121-128. doi: 187016/].resuscitation. 2016.07 244

Kitamure T, lwami T, Kewamurs T, Nitte M, Nagao K, Nanogl H, Yonemoto N, Kimure T, Japanese Circulation Society
Resuscitation Science Study Group. Nationwide improvements in survival from out-ofhospital cardiac arrest in Japan
Circulation. 20121262834-2843. dol 10181/ RCULATIONAHATIZ 109486

Straney LD, Schlapbach LI, Yong G, Bray JE, Millar J, Slater &, Alexander J. Finn J, Australian and New Zealand intensive
Care Society Paediatric Study Group. Trends in PICU Admissian and Survival Rates in Children in Australiz and New
Zealand Foliowing Cardiac Arrest Pediatr Crit Care Med. 201518:613-620. doi: 100097/2CC.0000000000000425

Slomine BS, Silverstein FS, Christensen IR, Page K, Holubkov R, Dean I, Moler FW. Neuropsychelogical Outcomes of
Children 1 Year After Pediatric Cardiac Arrest: Secondary Analysis of 2 Randomized Clinical Trials. ZaMA Newrol
2018,751502-1510, dai: 101001 /jarmaneurol 2018.2628

hitps:ficpr heart

DR

57

&y



Case 2:22-cv-00184-LCB-CWB Document 558-1 Filed 05/27/24 Page 59 of 139

41023 B57 AM Part 4; Pediatric Basic and Advanced Life Suppor | American Hear Assaciation CPR & First Akl

8 Topjian AA, de Caen A, Wainwright MS, Abella BS, Abend NS, Atkins DL, Bembea MM, Fink EL Guerguerian AM, Haskell
SE. Kilgannon JH, Lasa 13, Hazinski MF, Pediatric Post-Cardiac Arrast Care: A Sclentific Statement From the American
Heart Association, Circulation. 2013,140:e194-e233. doi: 10.T161/CIR.0000000000000637

9, Lawverriere EK, Polansky M, French B, Nadkarni WM, Berg RA, Topjian AA. Association of Durstion of Hypotension With
Survival After Pediatric Cardiac Arrest. Pediatr Crit Care Med. 202021143149, doi: 101097/PCC.0000000000002113

5 Sequence of Resuscitation

Rapid recognition of cardiac arrest, immediate initiation of high-quality chest compressions, and delivery of
effective ventilations are critical to improve outcomes from cardiac arrest. Lay rescuers should not delay
starting CPR in a child with no "signs of life." Healthcare providers may consider assessing the presence of 2
pulse as long as the initiation of CPR is not delayed more than 10 seconds. Palpation for the presence or
absence of a pulse is not reliable as the sole determinant of cardiac arrest and the need for chest
compressions. In infants and children, asphyxial cardiac arrest is more commeaen than cardiac arrest from a
primary cardiac event; therefore, effective ventilation is important during resuscitation of children. When CPR
is initiated, the sequence is compressions-airway-breathing.

High-guality CPR generates blood flow to vital organs and increases the likelinood of return of spontaneous
circulation (ROSC). The & main components of high-guality CPR are (1) adeguate chest compression depth, (2)
optimal chest comprassion rate, (3) minimizing interruptions in CPR (ie, maximizing chest compression
fraction or the proportion of time that chest compressions are provided for cardiac arrest), (4) allowing full
chest recoil between compressions, and {5) avoiding excessive ventilation. Compressions of inadequate depth
and rate,* incomplete chest recoil,® and high ventilation rates®= are commen during pediatric resuscitation.

51 Initiation of CPR

COR LOE Recommendations

1. Lay rescuers should begin CPR for any victim who is
unresponsive, not breathing normally, and does not have signs

1 C-LD =
of life; do not check far a pulse.”

2. In infants and children with no signs of life, it is reasonable for
healthcare providers to check for a pulse for up to 10 s and

23 C-LD S
begin compressions unless a definite pulse is felt -~

3. It may be reasonable to initiate CPR with compressions-airway-
2b C-EO breathing over airway-breathing-compressions.*

Recommendation-Specific Supportive Text

. Lay rescuers are unable to reliably determine the presence or absence of a pulse. =2

2. No clinical trials have compared manual pulse checks with ocbservations of “signs of life.” However,
adult and pediatric studies have igentified a high error rate and harmful CPR pauses during manual
pulse checks by trained rescuers?—= In1study, healthcare provider pulse palpation accuracy was
78%< compared with lay rescuer pulse palpation accuracy of 47% 2t 5 seconds and 73% at 10
seconds.*

tu

. One pediatric study demanstrated only a small delay (5.74 seconds) in commencement of rescue
breathing with compressions-airway-breathing compared with airway-breathing-compressions.<
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Although the evidence is of low certainty, continuing to recommend compressions-airway-
breathing likely results in minimal delays in rescue breathing and allows for a consistent approach

to cardiac arrest treatment in adults and children.

COR LOE

Recommendations

1 B-NR

1.

CPR using chest compressions with rescue breaths should be
provided to infants and children in cardiac arrest. ==

. For infants and children, if bystanders are unwilling or unable

to deliver rescue breaths, it is recommended that rescuers
should provide chest compressions only.

. After each compression, rescuers should allow the chest to

recoil completely. =

2a C-LD

It is reasonable to use a chest compression rate of =100-120/min
for infants and children. ==

2a C-LD

. For infants and children, it is reasonable for rescuers to provide

chest compressions that depress the chest at least one third
the anterior-posterior diameter of the chest, which equates to
approximately 1.5 inches (4 cm) in infants to 2 inches (Scm) in
children. Once children have reached puberty, it is reasonable
to use the adult compression depth of at least 5 cm but no
more than 6 cm.

2a C-EO

s3]

. For healthcare providers, it is reasonable to perform a rhythm

check, lasting no more than 10 s, approximately every 2 min.

22 C-EO

. It is reasonable to ventilate with 100% oxygen during CPR.

2a C-EO

. When performing CPR without an advanced airway, it is

reasonable for single rescuers to provide a compression-to-
ventilation ratio of 30:2 and for 2 rescuers to provide a
compression-to-ventilation ratio of 15:2.<

2b C-LD

When performing CPR in infants and children with an
advanced airway, it may be reasonable to target 2 respiratory
rate range of 1 breath every 2-3 s (20-30 breaths/min),
accounting for age and clinical condition. Rates exceeding
these recommendations may compromise hemodynamics.-

Recommendation-Specific Supportive Text

hitps flepe heart.orglent

and-g it

59

1OV87



Case 2:22-cv-00184-LCB-CWB Document 558-1 Filed 05/27/24 Page 61 of 139

£10/23. B:57 AM

53

Fart & Pediatric Basic and Advanced Life Support | American Hearl Assaciation CPR & First Ald

4Ll

. Large observationzal studies of children with OHCA show the best outcomes with compression-
ventilation CPR, though outcomes for infants with OHCA are often poor regardless of resuscitation
strategy ="

2. Large abservational studies of children with OHCA show that compression-only CPR is superior to
na bystander CPR, though outcomes for infants with OHCA are often poor. 228

3. Allowing complete chest re-expansion improves the flow of blood returning to the heart and
thereby blood flow to the body during CPR. There are no pediatric studies evaluating the effect of
residual leaning during CPR, although leaning during pediatric CPR is common.== In 1 observational
study of invasively monitored and anesthetized children, leaning was assocjated with elevated
cardiac filling pressures, leading to decreased coronary perfusion pressures during sinus rhythm =

4. A small observational study found that a comprassion rate of at least 100/min was associated with
improved systolic and diastolic blood pressures during CPR for pediatric IHCA 2 One multicenter,
observational study of pediatric IHCA demonstrated increased systolic blood pressures with chest
compression rates between 100 and 120/min when compared with rates exceading 120/min 2 Rates
less than 100/min were associated with improved survival compared to rates of 100 to 120/min;
however, the median rate in this slower category was approximately 95/min (ie, very close to
100/min) &

5. Three anthropometric studies have shown that the pediatric chest can be compressad to one third
of the anterior-posterior chest diameter without damaging intrathoracic organs === An
observational study found an improvement in rates of ROSC and 24-hour survival, when at least 60%
of 30-second epochs of CPR achieve an average chest compression depth greater than 5 cm for
pediatric IHCA

&. Current recommendations include a brief rhythm check every 2 minutes when 2 monitor or AED is
available,

7. There are ne human studies addressing the effect of varying inhaled oxygen concentrations during
CPR on outcomes in infants and children.

B. The optimum compression-to-ventilation ratic is uncertain. Large observational studies of children
with OHCA demonstrated better outcomes with compressicn-ventilation CPR with ratios of either
15:2 or 30:2 compared with compression-only CPRZ

9. One small, multicenter observational study of intubated pediatric patients found that ventilation
rates (at least 30 breaths/min in children less than 1 vear of age, at least 25 breaths/min in older
children) were assaciated with improved rates of ROSC and survival= However, increasing
ventilation rates are associated with decreased systolic biood pressure in children. The optimum
ventilation rate during continuous chest compressions in children with an advanced airway is based
on limited data and reguires further study.

Recommendations 1 and 2 were reviewed in the "2017 American Heart Association Focused Update on
Pediatric Basic Life Support and Cardiopulmonary Resuscitation Quality: An Update to the American
Heart Association Cuidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care"=

CPR Techmigue
COR LOE Recommendations
1. For infants, single rescuers (whether lay rescuers or healthcare
7 c-LD providers) should compress the sternum with 2 fingers (Figure
2) or 2 thumbs placed just below the intermammary line ="~
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COR LOE Recommendations

2. For infants, the 2-thumb-encircling hands technigue (Figure 3)
is recommended when CPR is provided by 2 rescuers. If the

1 C-LD rescuer cannot physically encircle the victim's chest, compress

the chest with 2 fingers.~<—-

3. For children, it may be reasonable to use either a 1- or 2-hand
2b C-LD technigue to perform chest compressions.”” =

4. For infants, if the rescuer is unable to achieve guideline

recommended depths (at least one third the anterior-posterior
2b C-EO diameter of the chest), it may be reasonable to use the heel of 1
hand.

o8]

Recommendation-Specific Supportive Text

1. One anthropometricst and 3 radiological studies®™ = found that optimal cardiac compressions
occur when fingers are placed just below the intermammary line. One observational pediatric study
found that blood pressure was higher when compressions were performed over the lower third of
the sternum compared to the midsternum = See Figure 2 for the 2-finger technigue,

2. Systematic reviews suggest that the Z-thumb-encircling hands technigue may improve CPR

quality when compared with 2-finger compressions, particularly for depth 2222 However, recent
manikin studies suggest that the 2-thumb-encircling hands technigue may be associated with
lower chest compression fractions (percent of cardiac arrest time that chest compression are
provided)= and incomplete chest recoil==* especially when performed by single rescuers, See
Figure 3 for the 2-thumb-ancircling hands technigue

. There are no pediatric-specific clinical data to determine if the 1-hand or Z-hand technigue
produces better outcomes for children receiving CTPR. In manikin studies, the 2-hand technigue has
been associated with improved cornpression Gep‘th,£ compression force 2% and less rescuer
fatigue.=

4. There were no human studies comparing the 1-hand compression versus the 2-thumb-encircling

hands technigue in infants.

|
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Figure 2. 2-Finger compressions.

Figure 3. 2-Thumb—encircling hands compressions.

COR LOE Recommendations

1 C-LD increase mattress stiffness. =

1. During IHCA, when available, activate the bed's "CPR mode" to

2. It is reascnable to perform chest compressions on a firm
2a C-LD surface

3. During IHCA, it is reasonable to use a backboard to improve
2a C-LD chest compression depth.

Recommendation-Specific Supportive Text

1."CPR mode" s available on some hospital beds to stiffen the mattresz during CPR. Manikin models
indicate that mattress compression ranges between 12% and 57% of total compression depth, with

softer mattresses being compressed the most.=— This can lead to reduced sternal displacement
and a reduction in effective chest compression depth

. Manikin studies and 1 pediatric case series show that effective compression depth can be achieved
even on & soft surface, providing the CPR provider increases overall compression depth to

)
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compensate for mattress compression.

3. Meta-analysis of 6 studies: =2 chowed a 3-mm (95% Cl1=4 mm) improvement in chest
compression depth associated with backboard use when CPR was performed on a manikin placed
on a mattress or bed.

55 Opening the Airway

COR LOE Recommendations

1. Unless a cervical spine injury is suspected, use a head tilt-chin
1 C-LD lift maneuver to open the airway.2

2. For the trauma patient with suspected cervical spinal injury,
1 C-EO use a jaw thrust without head tilt to open the airway.

3. For the trauma patient with suspected cervical spinal injury, if
1 C-EO the jaw thrust does not open the airway, use a head tilt-chin lift
maneuver.

Recommendation-Specific Supportive Text

1. No data directly address the ideal method to open or maintain airway patency. One retrospective
cohort study evaluated various head-tilt angles in neonates and young infants undergoing
diagnostic MRI and found that the highest proportion of patent airways was at 2 head-tilt angle of
144 to 150 degrees based or a regression analysis =

2. While no pediatric studies evaluate jaw thrust versus head tilt-chin lift to open the airway, the jaw
thrust is widely accepted as an effective way to open the airway, and this maneuver theoretically
limits cervical motion compared with the head tilt-chin lift.

(23}

. There are no pediatric studies evaluating the impact of a head tilt-chin lift maneuver to open the
airway in 2 trauma patient with suspected cervical spine injury. However, if providers are unable to
open the airway and deliver effective ventilations using a jaw thrust, given the importance of a
patent airway, using a head tilt—chin lift maneuver is recommended.

Figures 4, 5, 6, and 7 show, respectively, an infographic for pediatric BLS for lay rescuers, the current
pediatric BLS algorithms for healthcare provider, single-rescuer CPR and 2-rescuer CPR, and the current
algorithm for pediatric cardiac arrest.
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Pediatric BLS for Lay Rescuers

STEP1

Make sure the scene
is safe.

Check to see if the
person is awake and
breathing normally.

STEP 2

Shout for help.

If you're alone

CPR while you send
someone to get
an AED

Figure 4. Pedliatric BLS for lay rescuers.
AED indicates automated external defibriliator; BLS, basic life support; CPR, cardiopulmonary resuscitation;
and EMS, emergency medical services.
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EMS arrives.

STEP 3

Repeat cycles of
30 compressions
and then 2 breaths.

= Child CPR

Buth in thy

® Infant CPR
Fu

Use the AED as soon as
itarrives.

Continue CPR until
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Pediatric Basic Life Support Algorithm for Healthcare Providers—Single Rescuer
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Figure 5. Pediatric Basic Life Support Algorithm for Healthcare Providers—Single Rescuer.
AED indicates automated external defibrillator; ALS, advanced life support; CPR, cardiopulmonary

resuscitation; and HR, heart rate.
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Figure 6. Pediatric Basic Life Support Algorithm for Healthcare Providers—2 or More Rescuers.
AED indicates automated external defibrillator; ALS, advanced life support; CPR, cardiopulmonary
resuscitation; and HR, heart rate.
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Figure 7. Pediatric Cardiac Arrest Algorithm.

ASAP indicates as soon as possible; CPR, cardiopulmonary resuscitation; ET, endotracheal; HR, heart rate; 10,
intraosseous; IV, intravenous; PEA, pulseless electrical activity; and VFE/pVT, ventricular fibrillation/pulseless
ventricular tachycardia.
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& Advanced Airway Interventions During CPR

Most pediatric cardizc arrests are triggered by respiratory deterioration. Airway management and effective
ventilation are fundamental to pediatric resuscitation. Although the majority of patients can be successfully
ventilated with bag-mask ventilation, this method requires interruptions in chest compressions and is
associated with risk of aspiration and barotrauma.

Advanced airway interventions, such as supraglottic airway (SCA) placement or endotracheal intubation (ETI),
may improve ventilation, reduce the risk of aspiration, and enable uninterrupted compression delivery.
However, airway placemeant may interrupt the delivery of compressions or result in @ malpositioned device.
Advanced airway placement requires specialized equipment and skilled providers, and it may be difficult for
professionals who do not routinely intubate children.

COR LOE Recommendation

1. Bag-mask ventilation is reasonable compared with advanced
55 C-LD airway interventions (SGA and ETI) in the management of
children during cardiac arrest in the out-of-hospital setting.—

Recommendation-Specific Supportive Text

1. A clinical trial and 2 propensity-matched retrospective studies show that ET| and bag-mask ventilation
achieve similar rates of survival with good neurological function and survival to hospital discharge in
pediatric patients with OHCA = Propensity-matched retrospective studies aiso show similar rates of
survival with good neurclogical function and survival to discharge when comparing SGA with bag-mask
ventilation in pediatric OHCA~* No difference was observed in outcomes between SCA and ETIZ= There
are limited data to compare outcomes between bagmask ventilation versus ET| in the management of
IHCA= and there are no hospital-based studies of SCA. The data are not sufficient to support a
recommendation for advanced airway use in IHCA. There may be specific circumstances or populations in
which early advanced airway interventions are beneficial.
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This recommendation was reviewed in the “2019 American Heart Association Focused Update on Pediatric
Advanced Life Support: An Update to the American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care.=
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I Ohashi-Eukuda N, Fukuda T, Dol K, Marimura N Effect of prehospital advanced airway management for pediatric out-of-
hospital cardiac arrest. Resuscitation, 2017:114:66-72 daoi: 10.1016/) resuscitation2017.03.002

4. Andersen LW, Raymond TT, Berg RA, Nadkarni VM, Grossestreuer AV, Kurth T, Donnine MW, American Heart Association's
Get With The Guidelines-Resuscitation Investigators, Association Between Tracheal intubation During Pediatric in-Haspital
Cardiac Arrest and Survival, JAMA 2016316:1786-1727, dol: 101001/ jama 201614486
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2019,140:e304-2914. doi: 10T61/CIR.0000000000000731

7 Drug Administration During CPR

Vasoactive agents, such as epinephrine, are used during cardiac arrest to restore spontanecus circulation by
optimizing coronary perfusion and maintzining cerebral perfusion, but the benefit and optimal timing of
asdministration remain uncleari< Antiarrhythmics reduce the risk of recurrent ventricular fibrillation (VF) and
pulseless ventricular tachycardia (pVT) following defibrillation and may improve defibrillation success. Routine
use of sodium bicarbenate and calcium Is not supported by current data<— However, there are specific
circumstances when their administration is indicated, such as electrolyte imbalances and certain drug
toxicities.

Medication dosing for children is based on weight, which is often difficult to obtain in an emergency setting.
There are numerous approaches to estimating weight when an actual weight cannot be obtained =

7 Drug Administration During Cardiac Arrest

COR LOE Recommendations

1. For pediatric patients in any setting, it is reasonable to
23 cD administer epinephrine. IV/IO is preferable to endotracheal
tube (ETT) administration.~'

2. For pediatric patients in any setting, it is reasonable to
23 cD administer the initial dose of epinephrine within 5 min from
the start of chest compressions.

3. For pediatric patients in any setting, it is reasonable to
c-LD administer epinephrine every 3-5 min until ROSC is
achieved.

2a
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COR LOE Recommendations

4, For shock-refractory VF/pVT, either amiodarone or lidocaine
2b C-Lb may be used. -

5. Routine administration of sodium bicarbonate is not
recornmended in pediatric cardiac arrest in the absence of
3 Harm B-NR hyperkalemia or sodium channel blocker (eg, tricyclic

c

antidepressant) toxicity.~ =

6. Routine calcium administration is not recommended for
pediatric cardiac arrest in the absence of documented

3 Harm B-NR hypocalcemia, calcium channel blocker overdose,

hypermagnesemia, or hyperkalemia ==

Recommendation-Specific Supportive Text

1, There are limited data in pediatrics comparing epinephrine administration to no epinephrine

administration in any setting. In an OHCA study of 65 children, 12 patients did not receive
epinephrine due to lack of a route of administration, and only 1 child had ROSC 2 An OHCA study of
g children who had cardiac arrest during sport or exertion noted & survival rate of 67%, of whom 83%
did not receive epinephrine. All survivors received early chest compressions (within 5 minutes) and
early defibrillation (within 10 minutes), and the initial cardiac arrest rhythm was a shockable
rhythm= Intravenous/intragsseous (IV/IO) administration of epinephrine is preferred over ETT
administration when possible.

. One retrospective observational study of children with IHCA who received epinephrine for an initial

nonshockable rhythm demonstrated that, for every minute delay in administration of epinephrine
there was a significant decrease in ROSC, survival at 24 hours, survival to discharge, and survival
with favorable neurological outcome.# Patients who received epinephrine within 5 minutes of CPR
compared to those who received epinephrine more than & minutes after CPR initiation were more
likely to survive to discharge~ Four observational studies of pediatric OHCA demonstrated that
earlier epinephrine administration increased rates of ROSC, = survival te ICU admission,= survival

to discharge,~"* and 30-day survival.—=

One observational study demonstrated an increased survival rate at 1 year in the group that was
administered epinephrine at an interval of less than 5 minutes” One observational study of
pediatric IHCA demonstrated that an average epinephrine administration interval of 5 to 8 minutes
and of B to 10 minutes was associated with increased odds of survival compared with an
epinephrine interval of 1to & minutes£ Both studies™E calculated the average interval of
epinephrine doses by averaging all doses over total arrest time, which does not account for
potential differences in dosing intervals throughout resuscitations of varying duration. No studies of
pediatric OHCA on frequency of epinephrine dosing were identified.

. Two studies examined drug therapy of VF/pVT in infants and children =2 In Valdes et al,
administration of lidocaine, but not amiocdarone, was associated with higher rates of RCSC and
survival to hospital admission = Neither lidocaine nor amiodarone significantly affected the odds of
survival to hospital discharge; neurclogical outcome was not assessed. A propensity-matched study
of an |HCA registry demonstrated no difference in outcomes for patients receiving lidocaine
compared with amiodarone. ™

. A recent evidence review identified 8 observational studies of sodium bicarbonate administration
during cardiac arrest, == Bicarbonate administration was associated with worse survival
outcomes for both IHCA and OHCA. There are special circumstances in which bicarbonate is used,
such as the treatment of hyperkalemiz and sodium channel blocker toxicity, including from tricyclic

heart.
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antidepressants.

6. Two observational studies examining the administration of calcium during cardiac arrest
deronstrated worse survival and ROSC with calcium administration.®= There are special
circumstances in which calcium administration is used, such as hypocalcemia, calcium channel
blocker overdose, hypermagnesemia, and hyperkalemia?

Recommendation 4 was reviewed in “2018 American Heart Association Focused Update on Pediatric
Advanced Life Support: An Update to the American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care."#

7.2 Weijght-Based Dosing of Resuscitation Medications

COR LOE Recommendations

1. For resuscitation medication dosing, it is recommended to use
the child's body weight to calculate resuscitation drug doses

1 C-EC .
while not exceeding the recommended dose for adults~—

2. When possible, inclusion of body habitus or anthropomorghic
b B-NR measurements may improve the accuracy of length-based

estimated weight.

3, If the child's weight is unknown, a body length tape for
estimating weight and other cognitive aids to calculate
2b C-LD resuscitation drug dosing and administration may be

considered.” ===

Weight-Based Dosing of Resuscitation Medications

1. There are many theoretical concerns about the use of actual body weight (especially in overweight
or obese patients|=—= However, there are no data about the safety and efficacy of adjusting
medication dosing in obese patients. Such adjustments could result in inaccurate dosing of

medications

2. Several studies suggest that inclusion of body habitus or anthropometric measurements further
refines and improves weight estimations using length-based measures® However, there is
considerable variation in these methods, and the training required to use these measures may not
be practical in every context.

3. Cognitive aids can assist in the accurate approximation of body weight (described as being within
10% to 20% of measured total body weight). Several recent studies demonstrated high variability of
weight estimates, with a tendency toward underestimation of total body weight yet closely
approximating ideal body weight? 2
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Management of VF/pVT

The risk of VF/pVT steadily increases throughout childhood and adolescence but remains less frequent than in
adults. Cardiac arrest due to an initial rhythm of VF/pVT has better rates of survival to hospital discharge with
favorable neurclogical function than cardiac arrests due to an initial nonshockable rhythm. Shockable rhythms
may be the initial rhythm of the cardiac arrest (primary VF/pVT) or may develop during the resuscitation
lsecondary VF/pVT). Defibrillation is the definitive treatment for VF/pVT. The shorter the duration of VF/pVT, the
more likely that the shock will result in a perfusing rhythm. Both manual defibrillators and AEDs can be used to
treat VF/pVT in children. Manual defibrillators are preferred when a shockable rhythm is identified by a
healthcare provider because the energy dose can be titrated to the patient’s weight. AEDs have high specificity
in recognizing pediatric shockable rhythms. Biphasic, instead of monophasic, defibrillators are recommended
because less energy is required to achieve termination of VF/pVT, with fewer side effects. Many AEDs are
equipped to attenuate (reduce) the energy dose to make them suitable for infants and children younger than
8 years of age

81 Energy Dose

COR LOE Recommendations

1. It is reasonable to use an initial dose of 2-4 J/kg of monophasic
or biphasic energy for defibrillation, but, for ease of teaching, an

2a C-LD - 5
initial dose of 2 J/kg may be considered.—
2. For refractory VF, it may be reasonable to increase the
2b C-LD defibrillation dose to 4 J/kg.-~
2. For subsequent energy levels, a dose of 4 J/kg may be
2b c-LD reasonable, and higher energy levels may be considered,

though not to exceed 10 J/kg or the adult maximum dose,

Recommendation-Specific Supportive Text

1.2, and 3. Asystematic review demonstrated no relationship between energy dose and any outcome.
No randomized controlled trials were available, and most studies only evaluated the first shock. An
IHCA case series of 71 shocks in 27 patients concluded that 2 J/kg terminated VF, but neither the
subseguent rhythm nor the outcome of the resuscitation was reported A small case series of
prolonged OHCA observed that 2 to 4 J/kg shock terminated VF 14 times in 11 patients, resulting in
asystole or pulseless electric activity, with no survivors to hospital dischargeZ In 1 observational
study of IHCA,= & higher initial energy dose of more than 3 to 5 J/kg was less effective than 1to 3 J/ka
in achieving ROSC. Three small, observational studies of pediatric IHCASS and OHCAF found no
specific initial energy dose that was associated with successful defibrillation. One study suggested
that 2 J/kg was an ineffective dose, especiglly for secondary VFZ

B2 Coordination of Shock and CPR
COR LOE Recommendations
1 cEO 1. Perform CPR until the device is ready to deliver a shock.”
WAk ; A 5 DP— re-Support
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COR LOE Recommendations

2. A single shock followed by immediate chest compressions is
1 C-EO recommended for children with VF/pVT.==

1 C-EO 3. Minimize interruptions of chest compressions. =

Recommendation-Specific Supportive Text
1. There are currently no padiatric data available regarding the optimal timing of CPR prior to
defibrillation. Adult studies demonstrate no benefit of a prolonged period of CPR prior to initial
aefibrillation.

2.There are currently no pediatric data cancerning the best sequence for coordination of shocks and
CPR. Adult studies comparing a 1-shock protocol versus a 3-shock protocol for treatment of VE
suggest significant survival benefit with the sinale-shock protocol 1=

3. Prolonged pauses in chest compressions decrease blood flow and oxygen delivery ta vital organs,
such as the brain and heart, and are associated with lower survival 25

B2  Defibrillator Paddle Size, Type, and Bosition

COR LOE Recommendations

1. Use the largest paddles or self-adhering electrodes that will fit
] C-EO on the child's chest while still maintaining good separation
between the pads/paddles. "

2. When affixing self-adhering pads, either anterior-lateral
2b Cc-LD placement or anterior-posterior placement may be
reasonable -

3. Paddles and self-adhering pads may be considered equally
2b C-LD effective in delivering electricity.*-

Recommendation-Specific Supportive Text

1. Larger pad or paddie size decreases transthoracic impedance, which is 2 major determinant of

11

current delivery.

%]

One human and 1 porcine study demonstrated no significant difference in shock success or ROSC
wher comparing anterior-lateral with anterior-posterior position.~=

3, One study demonstrated no significant difference in median time to shock with paddles compared
with self-adhesive pads. =

84 Tvpe of Defibrillator
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COR LOE Recornmendations

1. When using an AED on infants and children <8 y old, use of 2
1 C-LD pediatric attenuator is recommended <=

2. For infants under the care of a trained healthcare provider, a
manual defibrillator is recommended when a shockable
rhythm is identified.

1 C-EO

3. If neither a manual defibrillator nor an AED equipped with a
b C-EO pediatric attenuator is available, an AED without a dose
attenuator may be used.*~~ =

Recommendation-Specific Supportive Text

1. Shockable rhythms are infreguent in infants.#= Studies of rhythm identification algorithms have
demonstrated high specificity for shockable rhythms in infants and children === Although there are
no direct comparisons between pediatric attenuator and nonattenuator AED-delivered shocks,
multiple case reports and case series document shock success with survival when a pediatric

353

attenuator was used.=—=

2. There are na specific studies comparing manual defibrillators with AEDs in infants or children.
Manual defibrillators are preferred for in-hospital use because the energy dose can be titrated to the
patient's weight. In adults, use of an AED in hospitals did not improve survival,= and the perishock
pauses needed for rhythm analysis were prolonged 2

3. AEDs without pediatric modifications deliver 120 to 360 Joules, exceeding the recommended dose
for children weighing less than 25 kg, However, there are reports of safe and effective AED use in
infants and young children when the dose exceeded 2 to 4 J/kg.= Because defibrillation is
the anly effective therapy for VF, an AED without a dose attenuator may be lifesaving.
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8 Assessment of Resuscitation Quality

Initiating and maintaining high-guality CPR is associated with improved rates of ROSC, survival, and favorable
neurological outcome, yet measured CPR guality is often suboptimal~= Noninvasive and invasive monitoring
technigues may be used to assess and guide the guality of CPR. invasive arterial blood pressure monitering
during CPR provides insight to blood pressures generated with compressions and medications.= End-tidal CO;
(ETCO-) reflects both the cardiac output produced and ventilation efficacy and may provide feedback on the
quality of CPR= A sudden rise in ETCO; may be an early sign of ROSC £ CPR feedback devices (ie, coaching,
audic, and audiovisual devices) may improve compression rate, depth, and recoil within 2 system of training
and quality assurance for high-guality CPR. Point of care ultrasound, specifically echocardiography, during CPR
has been considered for identification of reversible causes of arrest. Techngalogies that are under evaluation to
assess resuscitation guality include noninvasive measures of cerebral oxygenation, such as using near infrared

spectroscopy during CPR.
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COR LOE Recommendations

1. For patients with continuous invasive arterial blood pressure

monitoring in place at the time of cardiac arrest, it is reasonable
2a C-LD for providers to use diastolic blood pressure to assess CPR
quality.™

2. ETCO, monitoring may be considered to assess the quality of
chest compressions, but specific values to guide therapy have

2b c-LD . Y
not been established in children.—=
3. It may be reasonable for the rescuer to use CPR feedback
devices to optimize adequate chest compression rate and depth
2b C-EO as part of a continuous resuscitation guality improvement

systerm. ™

4, When appropriately trained personnel are available,
echocardiography may be considered to identify potentially
treatable causes of the arrest, such as pericardial tamponade

2b C-EO and inadequate ventricular filling, but the potential benefits

should be weighed against the known deleterious
consequences of interrupting chest compressions.—

Recommendation-Specific Supportive Text

1

(€3]

. A prospective observational study of pediatric patients with invasive arterial blood pressure monitoring

during the first 10 minutes of CPR demonstrated higher rates of favorable neurclogical outcome if the
diastolic blood pressure was at least 25 mm Hg ininfants and at least 30 mm Hg in children= Of note, the
cut points for diastolic blood pressure tracings were analyzed using post hoc waveform analysis; therefore,
prospective evaluation is needead.

A single-center, retrospective study of in-hospital CPR in infants found that ETCO; values between 17 and
18 mm Hg had a positive predictive value for ROSC of 0.885.- A prospective, multicenter observational
study of IHCA did not find an association between mean ETCO; and outcomes

A simulztion trial of pediatric healthcare providers demonstrated a significant improvement in chest

compression depth and rate compliance when thay received visual feedback (compared to no feedback),
although overall compression gquality rermzined poor= One small observational study of 8 ehildren with
IHCA did not find an association between CPR with or without audiovisual feedback and survival to
discharge, although feedback decreased excessive compression rates

. Several case series evaluated the use of bedside echocardiography to identify reversible causes of cardiac

arrest, including pulmonary embolism.'~+ One prospective observational study of children (without
cardiac arrest) admitted to an ICU reported good agreement of estimates of shortening fraction and
inferior vena cava volume between emergency physicians using bedside limited echocardiegraphy and
cardiologists performing formal echocardiography.=
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Extracorporeal cardiopulmonary resuscitation (ECPR] is defined as the rapid deployment of venoarterial
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resource-intense, complex, multidisciplinary therapy that traditionaily has been limited to large pediatric
rmedical centers with providers who have expertise in the management of children with cardiac disease.
Judiciolus use of ECPR for specific patient populationsand within dedicated and highly practiced
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environments has proved successful, especially for IHCA with reversible causes. ECPR use rates have increased,
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with single-center reports in both adults and children suggesting that application of this therapy across
broader patient populations may improve survival after cardiac arrest ==

There are no studies of ECPR demonstrating improved outcomes following pediatric OHCA.

COR

LOE Recommendation

1. ECPR may be considered for pediatric patients with cardiac
diagnoses who have IHCA in settings with existing ECMO

2b c-LD : 2
protocols, expertise, and equipment.=*

Recommendation-Specific Supportive Text

1. One observational registry study of ECPR for pediatric IHCA after cardiac surgery demonstrated that ECPR

was associated with higher rates of survival to hospital discharge than conventional CPRE A propensity-

matched analysis of ECPR compared with conventional CPR using the same registry found that ECPR was
associated with favorable neurological outcome in patients with IHCA of any etiology.® There is insufficient

evidence to suggest for or against the use of ECPR for pediatric patients experiencing OHCA or pediatric
patients with noncardiac disease experiencing |HCA refractory to conventional CPR.

This recommendation was reviewed in the "2019 American Heart Association Focused Update on Pediatric
Advanced Life Support; An Update to the American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care.™
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Successful resuscitation from cardiac arrest results in a post-cardiac arrest syndrome that can evelve in the
days after ROSC. The compenents of post-cardiac arrest syndrome are (1] brain injury, (2] myocardial
dysfunction, (3) systemic ischemia and reperfusion response, and (4] persistent precipitating
pathophysiology. = Post-cardiac arrest brain injury remains a leading cause of morbidity and mortality in adults
and children because the brain has limited tolerance of ischemia, hyperemia, or edema. Pediatric post—cardiac
arrest care focuses on anticipating, identifying, and treating this complex physiclogy to improve survival and
neurclogical outcomes.

Targeted temperature management [TTM) refers to continuous maintenance of patient temperature within a
narrowly prescribed range while continuously menitoring temperature. All forms of TTM avoid fever, and
hypothermic TTM attempts to treat reperfusion syndrome by decreasing metabolic demand, reducing free
radical production, and decreasing apoptosis.=

Identification and treatment of derangements—such as hypotension, fever, seizures, acute kidney injury, and
abnormalities of oxygenation, ventilation, and electrolytes—are important because they may impact outcomes.

na Post-Cardiac Arrest Targeted Temperature Management

COR LOE Recommendations

1. Continuous measurement of core temperature during TTM is
1 A recommended.

2. For infants and children between 24 h and 18 yr of age who
remain comatose after OHCA or IHCA, it is reascnable to use
2a B-R either TTM of 32°C-34°C followed by TTM of 36°C-37.5°C or only

TTM of 36°C-37.5°C ==

Recommendation-Specific Supportive Text

1.and 2. Two pediatric randomized clinical trials of TTM (32°C-34°C for 48 hours followed by 3 days of
TTM 36°C-37.5°C versus TTM 36°C-37.5°C for a total of 5 days) after IHCA or OHCA in children with
comaz following ROSC found no difference in T-yvear survival with a favorable neurological
outcome.=" Hyperthermia was actively prevented with TTM. Continuous core temperature
monitoring was used for the 5 days of TTM in both trials

Recommendations 1 and 2 were reviewed in the “2019 American Heart Association Focused Update on
Pediatric Advanced Life Support. An Update to the American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care."=

na2 Post-Cardiac Arrest Biood Pressure Management

COR LOE Recommendations

1. After ROSC, we recommend that parenteral fluids and/or
1 C-LD vasoactive drugs be used to maintain a systolic blood pressure
greater than the fifth percentile for age.”—
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COR LOE Recommendations

2. When appropriate resources are available, continuous arterial
1 C-EO pressure monitoring is recommended to identify and treat
hypotension.==

Recommendation-Specific Supportive Text

1.and 2. Two observational studies demonstrated that systolic hypotension (below 5th percentile for

age and sex) at approximately & to 12 hours following cardiac arrest is associated with decreased
survival to discharge. 27 Another observational study found that patients who had longer periods of
nypotension within the first 72 hours of ICU post-cardiac arrest care had decreased survival to
discharget In an observational study of patients with arterial manitoring during and immediately
after cardiac arrest, diastolic hypertension (zbove 90th percentile) in the first 20 minutes after ROSC
was associated with an increased likelihood of survival to discharge 2 Because bload pressure is
often labile in the post-cardiac arrest period, continuous arterial pressure monitering is
recommended.

Post-Cardiac Arrest Oxygenation and Ventilation Management

COR LOE Recommendations

1. 1t may be reasonable for rescuers to target normoxemia after
2b C-LD ROSC that is appropriate to the specific patient's underlying
condition.*

2. 1t may be reasonable for rescuers to wean oxygen to target an
2b C-LD oxyhemoglobin saturation between 94% and 99% 1~ =

3. It may be reasonable for practitioners to target a partial
pressure of carbon dioxide (Pacoy) after ROSC that is

2b C-LD appropriate to the specific patient’s underlying condition, and

limit exposure to severe hypercapnia or hypocapnia. —-

Recommendation-Specific Supportive Text

1.and 2. Because an arterial oxyhemoglobin saturation of 100% may correspond to 2 Pac; between 80

and approximately 500 mm Hg, it is reasonable to target an oxyhemoglobin saturation between
94% and 99%. Three small cbservational studies of pediatric IHCA and OHCA did not show an
assaciation between hyperoxemnia and outcome =L |n a larger observational study of pediatric
IHCA and OHCA patients, the presence of normoxemia compared with hyperoxemia after ROSC was
associated with improved survival to pediatric ICU discharge =

. One observational study demonstrated that both hypercapnia and hypocapnia after ROSC were
associzted with increased mortality.- Cne small observational study demonstrated no association
between hypercapnia (Paco, greater than 50 mm Hg) or hypocapniz (Paco; less than 30 mm Hag)
and outcome-= Another observational study of pediatric IHCA, showed hypercapnia (Paco; 50 mm
Hg or greater) was associated with decreased survival to hospital discharge~ Because hypercapnia
and hypocapnia impact cerebral blood flow, normocapnia should be the focus after ROSC while
accounting for patients who have chronic hypercapnia.
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Post-Cardiac Arrest EEGC Monitoring and Seizure Treatment

COR LOE Recommendations
1. When resources are available, continuous
electroencephalography (EEG) monitoring is recommended for
1 C-LD the detection of seizures following cardiac arrest in patients
with persistent encephalopathy. =
2. It is recommended to treat clinical seizures following cardiac
1 C-LD arrest.
3. It is reasonable to treat nonconvulsive status epilepticus
2a C-EO following cardiac arrest in consultation with experts%C

Recommendation-Specific Supportive Text

1. Nonconvuisive seizures and nonconvulsive status epilepticus are comman after pediatric cardiac
The American Clinical Neurophysiology Society recommends continuous EEG monitoring
for encephalopathic patients after pediatric cardiac arrest. Nonconvulsive seizures and
nonconvulsive status epilepticus cannot be detected without EEG monitoring

arres! iE

2.and 3. There is insufficient evidence to determine whether treatment of convulsive or nonconvulsive

seizures improves neurological and/for functional outcomes after pediatric cardiac arrest. Both
convulsive and nonconvulsive status epilepticus are associated with worse outcomes” The
Neurocritical Care Society recommends treating status epilepticus with the goal of stopping

convulsive and electrographic seizure activity.s

Figure B shows the checklist for post—cardiac arrest care.
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Components of Post-Cardiac Arrest Care
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Figure 8. Post—cardiac arrest care checklist.
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Prognaostication Follewing Cardiac Arrest

Early and reliable prognostication of neurclogical outcome in pediatric survivors of cardiac arrest is essential to
guide treatment, enable effective planning, and provide family support. Clinicians use patient and cardiac
arrest characteristics, postarrest neurological examination, laboratory results, neurclogical imaging (eg, brain
computed tomography and MRI}, and EEG to guide prognostication. At this time, no single factor or validated
decision rule has been identified to reliably predict either favorable or unfavorable outcome within 24 to 48
hours of ROSC. EEC, neurcimaging, and serum biomarkers when used alone predict outcome with only
moderate accuracy, and more data are needed before applying these te individual patients.

COR LOE Recommendations

1. EEG in the first week post cardiac arrest can be useful as 1 factor
2a B-NR for prognostication, augmented by cther information.—

2.t is reasonable for providers to consider multiple factors when
predicting cutcomes in infants and children who survive cardiac

Za B-NR = -
arrests.-—=—

2. It is reasonable for providers to consider multiple factors when

predicting outcomes in infants and children who survive cardiac
2a B-NR arrests after nonfatal drowning (ie, survival to hospital
admission).——

Recommendation-Specific Supportive Text

1. Eight retrospective observational studies demonstrate that EEC background patterns are associated with

neurological outcomes at discharge = The presence of sleep spindles =& normal background# and
reactivity-= is associated with favorable outcomes. Burst suppression and flat or attenuated EEC patterns
are associated with unfavorable neurological outcome. =i However, these associations do not reach the
high degrees of sensitivity and specificity needed to use EEC as a stand-alone modality for
neuroprognostication.

Several studies demonstrate the association of clinica! history, patient characteristics, physical
examination, imaging, and biomarker data with neurologiczal outcome following cardiac arrest 222 g
dare, no single factor has demonstrated sufficient accuracy to prognosticate outcome. Elevated serum
lactate, pH, or base deficit measured within the first 24 hours after cardiac arrest are associated with
unfavorable outcome® 15252 however, specific cutoff values are unkmown.

n

2. Shorter submersion times are associated with better outcomes after pediatric nonfatal drowning -
There is no clear associagtion between patient age —<==-% water type~~= water temperature =

heatt. A ) oy b = life e 1787
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emergency medical services response times- 2 and neurological outcome
following nonfatal drowning. No single factor accurately predicts prognosis after nonfatal drowning.
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13 Posi-Cardiac Arrest Recovery

Survivors are at significant risk for both short-term and long-term physical, neurclogical, cognitive, emaotional,
and social morbidity> Many children whao survive a cardiac arrest with a grossly “favorable outcome” have more
subtle and sustained neurcpsychological impairment.” The full impact of brain injury on children's
development may not be fully appreciated until months to years after the cardiac arrest. Furthermore, because
children are raised by caregivers, the impact of morbidity following cardiac arrest affects not only the child but
also the family.

Recovery has been intraduced as the sixth link in the Chain of Survival to acknowledge that survivors of cardiac
arrest may require ongaing integrated medical, rehabilitative, caregiver, and community suppeort in the
menths to years after their cardiac arrest (see Figure 8 Recent scientific statements from the AHA and ILCOR
highlight the importance of studying long-term neurological and health-related guality-of-life outcomes =&
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Figure 8. Road map to recovery:s
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COR LOE Recommendations

1. It is recommended that pediatric cardiac arrest survivors be
1 C-LD evaluated for rehabilitation services. "

2. It is reasonable to refer pediatric cardiac arrest survivors for
ongoing neurological evaluation for at least the first year after

cardiac arrest.s==5

2a C-LD

Recommendation-Specific Supportive Text

1. Two randomized controlled trials of TTM for comatose chiidren after IHCA or OHCA with a primary
outcome of neurobehavioral outcome at 1 year’E showed that new morbidity is common.®" Many children
who survived to 1 year with a favorable neurobehavioral outcome on Vineland Adaptive Behavior Scales-Il
(vaBs-Il) had global cognitive impairment or selective neuropsychological deficits.=

2. Two randomized controlled trials of TTM for pediatric cardiac arrest dermonstrated that neurological
function improves for some survivors during the first year after cardiac arrest.“” Severs| case series of
longer-term cutcomes [more than 1year after cardiac arrest} demonstrate ongoing cognitive, physical, and
neuropsychological impairments== Recent statements fram the AHA highlight the importance of follow-
up after discharge, because patient recovery continues during the first year after cardiac arrest 2285 It [s
unclear what impact ongoing childhood development has on recovery following pediatric cardiac arrest.
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Family Presence During Resuscitation

Over the past 20 vears, the practice of maintaining family presence during resuscitation has increased. Most
parents surveyed indicate that they would desire to be present during their child's resuscitation. Clder data
suggest a2 lower incidence of anxiety and depression and more constructive grief behaviors among parents

who were present when their child died.

COR

LOE Recommendations

1. Whenever possible, provide family members with the option of
1 B-NR being present during the resuscitation of their infant or child. "

2. When family members are present during resuscitation, it is
beneficial for a designated team member to provide comfort,

1 B-NR ke
answer questions, and support the family.—+
3. If the presence of family members is considered detrimental to
1 C-LD the resuscitation, family members should be asked in a

respectful manner to leave.

Recommendation-Specific Supportive Text
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1. Qualitative studies generally show that there can be benefits for families if they are permitted to be
present during the resuscitation of their children. Parents stated that they believed their presence brought
their child comfort and that it helped them to adjust to the loss of their child 2 Other surveys of parents
reported that they desired to be present to understand what was happening, to know that all that could
be done was being done, and to keep physical contact with their child** However, not all parents who
were present for their child's resuscitation would choose to do so again® Some concerns have been raised
about family presence during resuscitation, such as traurna for the family, interference with procedures,
impact on technical performance, and concern for teaching and clinical decision-making, but these have
not been supportad by the available evidence &2 Experienced providers are more likely than trainees to

S0

suppoert family presence ==

2. The presence of a facilitator to support the family is helpful. = [t'is important that the family have a
dedicated team member during the resuscitation to help process the traumatic event, but this is not
always feasible, Lack of an available facilitator should not prevent family presence at the resuscitation.

3. Most surveys indicate family presence is not disruptive during resuscitation, although some providers feel
increased stress. Providers with significant experience with family presence acknowledge occasional
negative experiences.”
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valuation of Sudden Unexplained Cardiac Arrest

Hypertrophic cardiomyopathy, coronary artery enomalies, and arrhythmias are common causes of sudden
unexplained cardiac arrest in infants and children. Up te one third of young patients who do not survive

sud
Pos

den unexplained cardiac arrest have no abnormalities found on gross and micrescopic autopsy.=
trmortem genetic evaluation (“molecular autopsy”) is increasingly used to inform eticlogy of sudden

unexplained cardiac arrest® In addition to providing an explanation for the arrest, genetic dizsgnosis can
identify inheritable cardiac disease, such as channelopathy and cardiomyopathy, enabling screening and

preventive measures for relatives.

COR LOE Recommendations

1. All infants, children, and adolescents with sudden unexpected
cardiac arrest should, when resources allow, have an
unrestricted, complete autopsy, preferably performed by a
pathologist with training and experience in cardiovascular
pathology. Consider appropriate preservation of biclogical
rmaterial for genetic analysis to determine the presence of
inherited cardiac disease.~=

1 C-EO

2. Refer families of patients who do not have a cause of death
found on autopsy to a healthcare provider or center with

1 C-EO expertise in inherited cardiac disease and cardiac genetic

counseling =220 =

3. For infants, children and adolescents who survive sudden
unexplained cardiac arrest, obtain a complete past medical and
family history (including a history of syncopal episodes, seizures,

1 C-EO unexplained accidents or drowning, or sudden unexpected

death before 50 yr of age), review previous electrocardiograms,

and refer to a cardiologist. = -5~

Recommendation-Specific Supportive Text

i

In 7 cohort studies, mutations causing channelopathies were identified in 2% to 10% of infants with sudden
infant desth syndrome == Among children and adolescents with sudden unexplained cardiac arrest and a
normal autopsy, @ cohort studies report identification of genetic mutations associated with channelopathy
or cardiomyopathy. 2=

In 7 cohort studies!™ <= and 1 population-based study® of screening using clinical and laboratory
(electrocardiographic, molecular genetic screening) investigations, 14% to 53% of first- and second-degree
relatives of patients with sudden unexplained cardiac arrest had inherited, arrhythmogenic disorders. In 7
cohort studies, mutations causing channelopathies were identified in 2% to 10% of infants with sudden
infant death syndrome. ==

Several cohort studies report the utility of obtaining 2 complete past mediczal and family history after
sudden unexplained cardiac arrest as well as review of prior electrocardiograms. A small case series
suggested that specific genetic screening of family members was directed by the clinical history.*~ Three
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small cohort studies and 1 population- based study reported relevant clinical symptoms or medical
comorbidities, such as seizure, syncope, palpitations, chest pain, left arm pain, and shortness of breath,

among patients who had a sudden unexplained cardiac arrest and their family members.!
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Resuscitating the Patient in Shock

Shock Is the failure of oxygen delivery to meet tissue metabolic demands and can be life threatening, The maost
common type of pediatric shock is hiypovalemic, including shock due to hemorrhage. Distributive, cardiogenic,
and obstructive shock occur less frequently. Cften, multiple types of shock can occur simultaneously; thus,
providers should be vigilant. Cardiogenic shock in its early stages can be difficult to diagnose, so a high index of
suspicion is warranted

Shock progresses over a continuum of severity, from a compensated to @ decompensated (hypotensive] state.
Cornpensatory mechanisms include tachycardia and increased systemic vascular resistance (vasoconstriction)
in an effort to maintain cardiac output and end-organ perfusion. As compensatory mechanisms fail,
hypotension and signs of inadequate end-organ perfusion develop, such as depressed mental status,
decreased urine output, lactic acidosis, and weak central pulses.

Early administration of intravenous fluids to treat septic shock has been widely accepted based on limited
evidence. Mortality from pediatric sepsis has declined in recent years, concurrent with implementation of
guidelines emphasizing the role of early antibiotic and fluid administration.’ Controversies in the management
of septic shack include volume of fluid administration and how to assess the patient’s response, the timing and
choice of vasopressor agents, the use of corticosteroids, and modifications to treatment algorithms for patients
in sepsis-related cardiac arrest. Previous AHA guidelines- have considered large studies of patients with
malarizs, sickle cell apemia, and dengue shock syndrome; however, these patients require special consideration
that make generalization of results from these studies problematic.

Resuscitation guidance for children with hemorrhagic shock is evolving, as crystalloid-then-blood paradigms
are being challenged by resuscitation protocols using blood products early in resuscitation. However, the ideal
resuscitation strategy for a given type of injury is often unknown.
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Fluid Resuscitation in Shock

COR LCE Recommendations

=

. Providers should reassess the patient after every fluid bolus to
1 C-LD assess for fluid responsiveness and for signs of volume
overload.”—

2. Either isotonic crystalloids or colloids can be effective as the
2a B-R initial fluid choice for resuscitation

3. Either balanced or unbalanced solutions can be effective as the
2a B-NR fluid choice for resuscitation. ™~

4. In patients with septic shock, it is reasonable to administer fluid
2a C-LD in 10-mL/kg or 20-mL/kg aliquots with frequent reassessment.~

Recommendation-Specific Supportive Text

1. Although fluids remain the mainstay initial therapy for infants and children in shock, especially in
hypovolemic and septic shock, fluid overload can lead te increased moerbidity” In 2 endomized
trials of patients with septic shock, those who received higher fluid volumes= or faster fiuid
resuscitation® were more likely to develop clinically significant fluid overload characterized by
increased rates of mechanical ventilation and worsening oxygenation.

2. In a systematic review, 12 relevant studies were identified, though 11 assessed colloid or crystalloid

fluid resuscitation in patients with malaria, dengue shock syndrome, or “febrile illness” in sub-
Szharan Africa.f There was no clear benefit to crystalloid or colioid solutions as first-line fluid therapy
in any of the identified studies.

3. One pragmatic, randomized controlled trial compared the use of balanced (lactated Ringer's

solution) to unbalanced (0.9% saling) crystalloid solutions as the initial resuscitation fluid and
showed nao difference in relevant clinical cutcomes.” A matched retrospective cohort study of
pediatric patients with septic shock showed no difference in outcemes= though a propensity-
matched database study showed an association with increased 72-hour mortality and vasoactive
infusion days with unbalanced crystalloid fluid resuscitation.=

4. |n a small, randomized controlled study, there were nc significant differences in outcomes with the

use of 20 mL/kg as the initial fluid bolus volume (compared with 10 ml/kg); however, the study was
limited by a small sample size=

Patient in 5eptic Shock

COR LOE Recommendations
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COR LOE Recommendations

1. In infants and children with fluid-refractory septic shock, it is
reasonable to use either epinephrine or norepinephrine as an

2a C-LD !
initial vesoactive infusion.:!

2. For infants and children with cardiac arrest and sepsis, it is
reasonable to apply the standard pediatric advanced life

2a C-EO suppert algorithm compared with any unique approach for

sepsis-associated cardiac arrest.=

3. For infants and children with septic shock unresponsive to
b B-NR fluids and requiring vasoactive support |t may be reasonable to
consider stress-dose corticosteroids. <=~

4 In infants and children with fluidrefractory septic shock, if
epinephrine or norepinephrine are unavailable, dopamine may

2b c-LD :
be considered.'~—=

Recommendation-Specific Supportive Text

23

8]

Two randomized controlled trials comparing escalating doses of dopamine or epinephrine
demonstrated improvement in timing of resolution of shock™ and 28-day mortality” with the use of
epinephrine over dopamine. Both studies were conducted in resource-limited settings, and the
doses of inotropes used may not have been directly comparable, limiting conclusions from the
studies. Medications that increase systemic vascular resistance, such as norepinephrine may also
be & reasonable initial vasopressor therapy In septic shock patients~~— Recent international sepsis
guidelines recommend the choice of the medications to be guided by patient physiology and
clinician preferences.

No studies support deviations from standard life-support algorithms to improve outcomes in
patients with sepsis-associated cardiac arrest. Sepsis-associated cardiac arrest is associated with
worse outcomes than other causes of cardiac arrest.”

A meta-analysis= showed no change in survival with corticosteroid use in pediatric septic shock,
though a more recent randormized controlled trial suggested a shorter time to reversal of shock
with steroid use.- Two observational studies'=!= suggested there may be specific subpopulations,
based on genomics, that would either benefit or experience harm from steroid administration,
though these subpopulations are difficult to identify clinically. Patients at risk for adrenal
insufficiency {eg, those on chronic steroids, patients with purpurz fulminans) are more likely to
benefit from steroid therapy.™

In situations when epinephrine or norepinephrine are not available, dopamine is a reasonable
alternative initial vasoactive infusion in patients with fluid-refractory septic shock %L Patients with
vasodilatory shock may require a higher dose of dopamine =

hitps:/fcprhearl org)

Resuscitating the Patient in Cardiogenic Shock
COR LCE Recommendations
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COR LOE Recommendations

1. For infants and children with cardiogenic shock, early expert

1 C-EO consultation is recommended.

2. For infants and children with cardiogenic shock, it may be
2h C-EO reasonable to use epinephrine, dopamine, dobutamine, or
milrinone as an inotropic infusion.

Recommendation-Specific Supportive Text

1.and 2. Cardiogenic shack in infants and children is uncormmon and associated with high moriality
rates. No studies were identified comparing outcomes between vasoactive medications. For
patients with hypotension, medications such as epinephrine may be more appropriate as an initial
inotropic therapy. Because of the rarity and complexity of these presentations, expert consultation is
recommended when managing infants and children in cardiogenic shock.

B4  ResUscitating the Patient in Traumatic Hemorrhagic Shock

COR LOE Recommendation

1. Ameng infants and children with hypotensive hemorrhagic

shock following trauma, it is reasonable to administer blood
2a C-EO products, when available, instead of crystalloid for ongoing
volume resuscitation ~——

Recommendation-Specific Supportive Text

1. There are no prospective pediatric data comparing the administration of early blood products
versus early crystalloid for traumatic hemorrhagic shock. A scoping review identified & recent
retrospective studies that compared patient outcomes with the total volume of crystalloid
resuscitation received in the first 24 to 48 hours among children with hemorrhagic shock 222
Four studies reported ne differences in survival to 24 hours, survival at 30 days with good
neurological cutcome, or survival to discharge ===

Large-volume resuscitation was associated
with increased hospital/ICU length of stay in 5 of the 6 studies=—2<% One study reported lower
survival to hospital discharge among children whe received more than 60 mlL/kg crystalloid
compared te lower volume groups.~ Despite limited pediatric data, recent guidelines for adults
from the Eastern Association for the Surgery of Trauma * the American College of Surgeons, and
the National Institute for Health and Care Excellence= suggest the early use of balanced ratios of
packed red blood cells, fresh frozen plasma, and platelets for trauma-related hemorrhagic shock 2
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Treatment of Respiratory Failure

Respiratory failure occurs when a patient's breathing becomes inadeguate and results in ineffective
oxygenation and ventilation. This can occur due to disordered control of breathing, upper airway obstruction,
lower airway obstruction, respiratory muscle failure, or parenchymal lung disease. Praviding assisted ventilation
when breathing is absent or inadequate, relieving foreign body airway obstruction (FBAQ), and administering
naloxone in opioid overdose can be lifesaving.

Suffocation (eg, FBAQ) and poisoning are leading causes of death in infants and children. Balloons, foods (eg,
het dogs, nuts, grapes), and small household objects are the most common causes of FBAQ in children —
whereas liquids are common among infants.= It is impertant to differentiate between mild FBAQ (the patient is
coughing and making sounds) and severe FBAO (the patient cannot make sounds). Patients with mild FBAO
czn attempt to clear the obstruction by coughing, but intervention | reguired in severe obstruction.
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In the United States in 2017, opicid overdose caused 72 deaths in children less than 15 years old and 4094
deaths in people age 15 to 24 years.* Naloxone reverses the respiratery depression of narcotic overdose,® and, in
2014, the US Food and Drug Administration approved the use of a naloxone autoinjector by lay rescuers and
healthcare providers. Naloxone intranasal delivery devices are also available.

71 Treatment of Inadequate Breathing with a Pulse

COR LOE Recommendations

1. For infants and children with a pulse but absent or inadequate
1 C-EO respiratory effort, provide rescue breathing.”

2. For infants and children with a pulse but absent or inadequate
respiratory effort, it is reascnable to give 1 breath every 2to 3 s
(20-30 breaths/min).~

28 C-EO

Recommendation-Specific Supportive Text

1.and 2. There are nc pediatric-specific clinical studies evaluating the effect of different ventilation
rates on outcomes in inadequate breathing with a pulse. One multicenter observational study
found that high ventilation rates (at least 30/min in children younger than 1 year of age, at least
25/min in children older than 1 year) during CPR with an advanced airway for cardiac arrest were
associated with improved ROSC and survival.- For the ease of training, the suggested respiratory
rate for the patient with inadequate breathing and a pulse has been increased from 1 breath every 3
to 5 seconds to 1 breath every 2 to 3 seconds to be consistent with the new CPR guideline
recommendation for ventilation in patients with an advanced airway.

72 Foreign Body Airway Obstruction
COR LOE Recommendations
1. If the child has mild FBAQ, allow the victim to clear the airway
1 C-LD by coughing while observing for signs of severe FBAD,
2. For a child with severe FBAQ, perform abdominal thrusts until
1 C-LD the object is expelled or the victim becomes unresponsive, ="

3. For an infant with severe FBAQ, deliver repeated cycles of 5
1 C-LD back blows (slaps) followed by 5 chest compressions until the
object is expelled or the victim becomes unresponsive =

4. Ifthe infant or child with severe FBAC becomes unresponsive,

start CPR beginning with chest compressions [do not perform
1 C-LD pulse check). After 2 min of CPR, activate the emergency
response system if no one has done so.-
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COR LOE Recommendations
5. For the infant or child with FBAO receiving CPR, remove any
1 C-LD visible foreign body when opening the airway to provide
breaths. ==
2 Harm LD 6. Do not perform blind finger sweeps.=-'=

Recommendation-Specific Supportive Text

1. and 2. There are no high-guality data to support recommendations regarding FBAQO in children.
Many FBAOs are relieved by allowing the patient to cough or, if severe, are treated by bystanders

using abdaminal thrusts=&=

3. Observational data primarily from case series support the use of back blows==!“ or chest
compressionsial for infants. Abdominal thrusts are not recommended for infants given the

potential to cause abdominal organ injury.=

4 Once thevictim is unconscious, observational data support immediate provision of chest
compressions whether or not the patient has a pulsel

5. and 6. Observational data suggest that the risk of blind finger sweeps outweighs any potential

benefit in the management of FBAD.L

Opioid-Related Respiratory and Cardiac Arrest

Recommendations

1. For patients in respiratory arrest, rescue breathing or bag-mask
ventilation should be maintained until spontaneous breathing
returns, and standard pediatric basic or advanced life support
measures should cantinue if return of spontaneous breathing
does not occur. '~

2. For patients known or suspected to be in cardiac arrest, in the
absence of a proven benefit from the use of naloxone, standard
resuscitative measures should take priority over naloxone
administration, with a focus on high-quality CPR (compressions
plus ventilation).=*

COR LOE
1 C-LD
1 C-EO
1 C-EO

3. Lay and trained responders should not delay activating
emergency response systems while awaiting the patient's
response to naloxone or other interventions.=—
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COR LOE Recommendations

4, For a patient with suspected opiocid overdose who has a
definite pulse but no normal breathing or only gasping (ie, a
respiratory arrest), in addition to providing standard pediatric

2a B-NR basic life support or advanced life support, it is reasonable for

responders to administer intramuscular or intranasal
naloxone.==*

Recommendation-Specific Supportive Text

1. Initial management should focus on support of the patient's airway and breathing. This begins with
opening the airway followed by delivery of rescue breaths, ideally with the use of a bag-mask or
barrier device = Provision of life support should continue if return of spontaneous breathing does
not occur.

2. Because there are no studies demaonstrating improvement in patient outcomes from
administration of naloxone during cardiac arrest, provision of CPR should be the focus of initial
care*“ Naloxone can be administered along with standard advanced cardiovascular life support
care if it does not delay components of high-quality CPR.

3, Early activation of the emergency response system is critical for patients with suspected opioid
overdose. Rescuers cannot be certain that the person's clinical condition is due to opioid-induced
respiratory depression alone. This is particularly true in first aid and BLS, where determination of the
presence of a pulse is unreliable 22 Naloxone Is ineffective in other medical conditions, including
overdose involving nonopicids and cardiac arrest from any cause. Patients wha respond to naloxone
administration may develop recurrent central nervous system and/or respiratory depression and
require longer periods of observation before safe discharge 2=

4, Twelve studies examined the use of naloxone in respiratory arrest, of which 5 compared
intramuscular, intravenous, and/or intranasal routes of naloxone administration (2 RCT=2 and 3
non-RCT%=22) and 9 assessed the safety of naloxone use or were cbservational studies of naloxone
use “5=3 These studies report that naloxone is safe and effective in treatment of opioid-induced
respiratory depression and that complications are rare and dose related.

These recommendations were taken from Part 3: Adult Basic and Advanced Life Support= and further
supported by a 2020 ILCOR evidence update.= There were no pediatric data supporting these
recommendations; however, due to the urgency of the opioid crisis, the adult recommendations should
be applied to children.

Figures 10 and 11 are algorithms for opicid-associated emergencies for lay responders and healthcare
providers.
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Intubation

It is impartant to select appropriate equipment and medications for pediatric intubation. Uncuffed ETTs were
historically preferred for young children because the normal pediatric airway narrows below the vocal cords,
creating an anatomic seal around the distal tube. In the acute setting and with poor pulmonary compliance,
uncuffed ETTs may need to be changed to cuffed ETTs. Cuffed tubes improve capnography accuracy, reduce
the need for ETT changes (resulting in high-risk reintubations or delayed compressions), and improve pressure
and tidal volume delivery. However, high pressure in the cuff can cause airway mucosal damage. Although
several studies have identified that cuffed tube use may actually decrease airway trauma by decreasing tube
changes, attention must be made to selecting the correct tube size and cuff inflation pressure! ETT cuff
pressures are dynamic during transport at altitude? and with increasing airway edema.

Intubation is 2 high-risk procedure. Depending on the patient's hemodynamics, respiratory mechanics, and
airway status, the patient can be at increased risk for cardiac arrest during intubation. Therefore, it is important
to provide adeguate resuscitation before intubation.

Cricoid pressure during bag-mask ventilation and intubation has historically been used tc minimize the risk of
gastric contents refluxing into the airway, but there are concerns that tracheal compression may impede
effective bag-mask ventilation and intubation success.

Confirmation of ETT placement in patients with a perfusing rhythm is not reliably achieved by auscultation of
breath sounds, mist in the tube, or chest rise. Either colorimetric detector or capnography (ETCO;) can be used
to assess initial ETT placement. In patients with decreased pulmonary blood flow from low cardiac output or
cardiac arrest, ETCOz may not be as reliable.

183 Use of Cuffed Endotracheal Tubes for Intubation

COR LOE Recommendations

1. When a cuffed ETT is used, attention should be paid to ETT size,
1 C-EO position, and cuff inflation pressure (usually <20-25 cm H20).-

2. It is reasonable to choose cuffed ETTs over uncuffed ETTs for
2a c-LD intubating infants and children.=

Recommendation-Specific Supportive Text
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1. A retrospective study including 2953 children noted that, with 25 cmi HzO of pressure to the airway
and a slight leak around the ETT, there were no cases of clinically significant subglottic stenosis, and
the incidence of stridor requiring reintubation was less than 1%.2

2. Three systematic reviews, 2 randomized controlled trials, and 2 retrospective reviews support the
safety of cuffed ETTs and the decreased need for ETT changes.~” These studies were almost
entirely performed in the perioperative patient population, and intubation was performed by highly
skilled airway providers. Thus, ETT duration may have been shorter than in critically ill patients. The
use of cuffed ETTs is associated with lower reintubation rates, more successful ventilation, and
improved accuracy of capnography without increased risk of complications.”s= Cuffed ETTs may
decrease the risk of aspiration—==

182  The Use of Cricoid Pressure During Intubation

COR LOE Recommendations

1. Cricoid pressure during bag-mask ventilation may be
2b c-LD considered to reduce gastric insufflation. >

2. Routine use of cricoid pressure is not recommended during
3: No Benefit c-LD endotracheal intubation of pediatric patients.="

3, If cricoid pressure is used, discontinue if it interferes with
3:Harm C-LD ventilation or the speed or ease of intubation. =~

Recommendation-Specific Supportive Text

1.2, and 3. A retrospective, propensity score~matched study from a large pediatric ICU intubation
registry showed that cricoid pressure during induction and bag-mask ventilation before tracheal
intubation was not associated with lower rates of regurgitation.” A study from the same pediatric
ICU database reported external laryngeal manipulation was associated with lower initial tracheal
intubation success.

183 Atropine Use for Intubation

COR LOE Recommendations

1. It may be reasonable for practitioners to use atropine asa
premedication to prevent bradycardia during emergency

2b C-LD intubations when there is higher risk of bradycardia (eg, when

giving succinylcholing). =

2. When atropine is used as a premedication for emergency
2b C-LD intubation, a dose of 0.02 mg/kg of atropine, with ne minimum
dose, may be considered.*

Recommendation-Specific Supportive Text
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1. The 2019 French Society of Anesthesia and Intensive Care Medicine guidelines state that atropine
“should probably" be used as a preintubation drug in children 28 days to 8 years with septic shock,
with hypovolemia, or with succinylcholine administration 25

2. One nonrandomized, single-center intervention study did not identify an association between
atropine dosing less than 0.1 mg and bradycardia or arrhythmias. 2~

B4 Monitoring Exhaled COs in Patients with Advanced Airways

COR LOE Recommendations

1. In all settings, for infants and children with a perfusing rhythm,
1 c-LD use exhaled CO; detection (colorimetric detector or

>

capnography) for confirmation of ETT placement.

2. In infants and children with a perfusing rhythm, it is beneficial
25 c-LD to monitor exhaled CO; (colorimetric detector or capnography)
during out-of-hospital and intra/interhospital transport. ===

Recommendation-Specific Supportive Text

1. Although there are no randomized controlled trials linking use of ETCO, detection with clinical
outcomes, the Fourth National Audit Project of the Royal College of Anesthetists and Difficult
Airway Society concluded that the failure to use or inability to properly interpret capnography
contributed to adverse events, including ICU-related deaths (mixed adult and pediatric data) 2
One small randomized study showed that capnography was faster than clinical assessment in
premature newborns intubated in the delivery room = There was no difference in patient cutcomes
between gualitative (colorimetric) and gquantitative (capnography or numeric display) ETCO,
detectors =

2. Adult literature sugaests monitoring and correct interpretation of capnography in intubated
patients may prevent adverse events. === This has been demonstrated in simulated pediatric
scenarios, in which capnography increased provider recognition of possible ETT dislodgerment 2=
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Mzanagement of Bradycardiz

Bradycardia associated with hemodynamic compromise, even with a palpable pulse, may be a harbinger for
cardiac arrest. As such, bradycardia with a heart rate of less than 60 beats per minute requires emergent
evaluation for cardiopulmonary compromise. If cardiopulmonary compromise is present, the initial
management in the pediatric patient requires simultaneous assessment of the etiology and treatment by
supporting airway, ventilation, and oxygenation. If bradycardia with cardiopulmonary compromise is present
despite effective oxygenation and ventilation, CPR should be initiated immediately. Outcomes are better for
children whe receive CPR for bradycardia before pregressing to pulseless arrest.! Correctable factors that
contribute to bradycardia (ig, hypoxiz, hypotension, hypodlycemia, hypothermia, acidosis, or toxic ingestions)
should be identified and treated immediately.

COR

LOE Recommendations

1. If bradycardia is due to increased vagal tone or primary
atrioventricular conduction block [ie, not secondary to factors

C-LD ck (i
such as hypoxia), give atropine=="-
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COR LOE Recommendations

2. If the heart rate is <60 beats/min with cardiopulmonary
1 c.LD compromise despite effective ventilation with oxygen, start
CPRE

3. If bradycardia persists after correction of other factors (eg,
1 C-EO hypoxia) or responds only transiently, give epinephrine IV/10. If
IV/IO access is not available, give endotracheally if present.!

4. Emergency transcutaneous pacing may be considered if
bradycardia is due to complete heart block or sinus node
2b C-LD dysfunction unresponsive to ventilation, oxygenation, chest
compressions, and medications, especially in children with

congenital or acquired heart disease.

Recommendation-Specific Supportive Text

1. Two adult studies*= and 2 pediatric studies®” demonstrate that atropine is effective to treat bradycardia
due to vagal stimulation, atrieventricular block, and intoxication. There is no evidence that atropine should
be used for bradycardia due to other causes.

2. Two retrospective analyses from the same database showed children who received CPR for bradycardiz
and poor perfusion had better outcomes than children who suffered pulseless cardizc arrest and received
CPR Y The longer the time between the initiation of CPR for bradycardia and the loss of & pulse, the lower
the chance of survival.

3. There are limited pediatric data regarding the treatment of bradycardia. A recent retrospective,
propensity-matched study of pediatric patients with bradycardia with a pulse found that patients who
received epinephrine had worse outcomes than patients whe did not receive epinephrine.’ However, due
to limitations of the study, further research on the impact of epinephrine on patients with bradycardia and
a pulse is required.

4, There are limited data about transcutaneous pacing for refractory bradycardia in children~=—= In patients
with complete heart block or sinus node dysfunction, especially when caused by congenital or acquired
heart disease, emergency transcutansous pacing may be considered. Pacing is not useful for asystole or
bradycardia due to postarrest hypoxic or ischemic myocardial insult or respiratory failure

Figure 12 shows the algorithm for pediatric bradycardiz with a pulse.
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Pediatric Bradycardia With a Pulse Algorithm
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Figure 12. Pediatric Bradycardia With a Pulise Algorithm.
ABC indicates airway, breathing, and circulation; AV, atrioventricular; BP, blood pressure; CPR, cardiopulmeonary
resuscitation; ECG, electrocardiogram; HR, heart rate; 10, intraosseous; and IV, intravenous.
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200 Tachyarrhythmias

Regular, narrow-complex tachyarrhythmias [QRS duration 0.08 seconds or less) are most commonly caused by
re-entrant circuits, although other mechanisms (eg, ectopic atrial tachycardia, atrial fibrillation) sometimes
occur, Reqular, wide-complex tachvarrhythmias (greater than 0.08 seconds| can have multiple mechanisms,
including supraventricular tachycardia (SVT) with aberrant conduction or ventricular tachycardiz.

The hemodynamic impact of SVT in the pediatric patient can be variable, with cardiovascular compromise (ie,
altered mental status, signs of shock, hypotension) occurring in the minaority of patients. In hemodynamically
stable patients, re-entrant SVT can often be terminated with vagal maneuvers. Adenosine remains the
preferred medication to treat SVT in infants and children with a paipable pulse who do not respond to vagal
maneuvers, For patients with hemodynamically stable wide-complex tachycardia and those in whom SVT
recurs after initial successful treatment, expert consultation is impoertant to diagnose etiology and customize
treatment.

In hemodynamically unstable patients with SVT or wide-complex tachycardia, synchronized cardioversion
should be considered

200 Treatment of Supraventricular Tachycardia with A Puise

COR LOE Recommendations

1. If /IO access is readily available, adenosine is recommended
1 C-LD for the treatment of SVT.
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COR LOE Recommendations

2. For hemodynamically stable patients whose SVT is
unresponsive to vagal maneuvers and/or |V adenosine, expert

1 C-EO T PR
consultation is recommended ——

3. It is reasonable to attempt vagal stimulation first, unless the
patient is hermodynamically unstable or it will delay chemical

2a C-LD : ; ATEAERIB DL
or electric synchronized cardioversion. ==

4, If the patient with SVT is hemodynamically unstable with
evidence of cardiovascular compromise (ie. altered mental
status, signs of shock, hypotension) it is reasonable to perform
electric synchronized cardioversion starting with a dose of 0.5
to13/kg. If unsuccessful, increase the dose to 2 J/kg. ="~

2a C-LD

5. For a patient with unstable SVT unresponsive to vagal
maneuvers, IV adenosine, electric synchronized cardioversion

2b C-LD and for whom expert consultation is not available, it may be

reasonable to consider either procainamide or amiodarone ==

Recommendation-Specific Supportive Text

1. Intravenous adenosine remains generzlly effective for terminating re-entrant SVT within the first 2

doses ™ Of 5 retrospective observational studies on the management of tachyarrhythmias (4 single
center, 1 multicenter), none directly compared adenosine to other drugs.=2C

For patients with hemodynamically stable SVT that is refractory to vagal maneuvers or adenosine,
consideratian of alternative second-line agents should be guided by expert consultation, given
potentiz! proarrhythmic and life-threatening hemodynamic collapse with the administration of
multiple antiarrhythmic agents. Multiple medications have been used as second-line agents for the
management of adenosine-refractory SVT, including intravenous verapamil, f-blockers, amiodarone,
proceinamide, and sotalol =5 Few comparative studies exist.

.Vagal maneuvers are noninvasive, have few adverse effects, and effectively terminate SVT in many
cases; exact success rates for each type of maneuver (ie, ice water to face, postural modification) are
unknowr.~ Although improved success rates have been reported with & postural modification to the
standard Valsalva maneuver in adults, published pediatric experience with this technique is very
limited, Upside-down pasitioning may be an additional form of a2 vagal maneuver that is effective in
children.=

. Direct current synchronized cardioversion remains the treatment of choice for patients with
hemodynamically unstable SVT (ie, with cardiovascular compromise characterized by altered
mental status, signs of shock, or hypotension) and those with SVT unresponsive to standard
rmeasures. However, these cases are uncommon, and there are few data reporting outcomes fram
cardioversion of SVT>2E Consider administering sedation prior to synchronized cardioversion if
resources are available and definitive therapy is not delayed.

Procainamide and amiodarone are moderately effective treatments for adenosine-resistant SVT.5
There may be & small efficacy advantage favoring procainamide; adverse effects are frequent with
both therapies. Intravenous sotzalol was approved by the US Food and Drug Administration for the
treatment of SVT in 2002, Only 3 reports describe its use in acute or subacute supraventricular
tachyarrhythmias, with 2 60% to 100% termination rate of SVT and atrial tachyarrhythmias= =
the aforementioned studies, I'V sotalol was administered under the guidance of pediatric
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electrophysiologists in the critical care or pediatric cardiology unit. Due to its potential
proarrhythmic properties, it Is unknown whether IV sotalol can be safely given in other settings.
There is currently insufficient evidence in support for or against the use of IV sotalol for refractory

SVT.

Treatment of Wide-Complex Tachycardia with 2 Pulse

COR

LOE

Recommendations

C-LD

1. If the patient with a wide-complex tachycardia is
hemodynamically stable, expert consultation is recommended
prior to administration of antiarrhythmic agents.””

2a

C-EQ

2. If the patient with a wide-complex tachycardia is
hemodynamically unstable with evidence of cardiovascular
compromise (ie, altered mental status, signs of shock,
hypotension), it is reasonable to perform electric synchronized
cardioversion starting with a dose of 0.5-1 J/kg. If unsuccessful,
increase the dose to 2 J/kg.

Recommendation-Specific Supportive Text

1. The occurrence of wide-complex tachycardia (QRS duration more than 0.09 s) with a pulse israre in
children and may criginate from either the ventricle (ventricular tachycardia) or atria (SVT with
aberrant conduction)2 Both pediatric and adult studies have identified potential populations at risk
of proarrhythmic complications from antiarrhythmic therapies, including patients with underlying
cardiomyopathies, long-QT syndrome, Brugada syndrome, and Wolff-Parkinson-White syndrome =

1)

. Electric direct current synchronized cardioversion should be provided urgently for the treatment of

children with wide-complex tachycardia of either atrial or ventricular origin who are
hemodynamically unstable with a pulse. Cardiovascular compromise is a key factor in determining
the use of electric therapy instead of primary pharmacological management. There is insufficient
evidence describing the incidence of wide-complex tachycardias with a pulse and hemodynamic
stability, and there is no support for or against the use of specific antiarrhythmic drugs in the
management of children with wide-complex tachycardia with a pulse.

Figure 13 shows the algorithm for pediatric tachycardia with a pulse.
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Figure 13. Pediatric Tachycardia With a Pulse Algorithm.
CPR indicates cardiopulmonary resuscitation; ECG, electrocardiogram; IO, intraosseous; and IV, intravenous.
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of Myocarditis and Cardiomyopathy

Fulminant myocarditis can result in decreased cardiac cutput with end-organ compromise; conduction system
disease, including complete heart block; and persistent supraventricular or ventricular arrhythmias, which can
ultimately result in cardiac arrest.- Because patients can present with nonspecific symptoms such as
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abdominal pain, diarrhea, vomniting, or fatigue, myocarditis can be confused with other, more common disease
presentations, Outcomes can be optimized by early diagnosis and prompt intervention, including ICU
menitoring and therapy. Sudden onset of heart block and multifocal ventricular ectopy in the patient with
fulminant myoccarditis should be considered a prearrest state. Treatment with external or intracardiac pacing or
antiarrhythmic drugs may not be successful, and early transfer to a center capable of providing extracorporeal
life support (ECLS) aor mechanical circulatory support (MCS), such as temporary or implanted ventricular assist
devices, is recommended &2

Noninfectious causes of cardiomyopathy in children include dilated cardiomyopathy, hypertrophic
cardiomyopathy, restrictive cardiomyopathy, and miscellaneous (rare) forms of cardiomyopathy that include
arrhythmaogenic right ventricular dysplasia and mitochondrial and left ventricular nericompaction
cardiomyopathies. Cardiomyopathy patients whe present in acute decompensated heart failure refractory to
mechanical ventilation and vasoactive administration have undergone preemptive MCS in the form of ECMO,
short-term percutanecus ventricular assist device, or long-term implantable ventricular assist device prior to or
during cardizc arrest S

For patients who have worsening clinical status or incessant ventricular arrhythmias, ECLS can be lifesaving
when initiated prior to cardiac arrest. ECLS also offers an opportunity to wean inotropic support, assist
myocardial recovery, and serve as a bridge to cardiac transplantation if needed. The use of ECLS and MCS have
improved outcomes from acute myocarditis, with a high possibility of partial or complete recovery of
myocardial function ¢

COR LOE Recommendations

1. Given the high risk of cardiac arrest in children with acute

myocarditis who demonstrate arrhythmias, heart block, ST-
C-LD segment changes, and/or low cardiac output, early
consideration of transfer to ICU monitoring and therapy is
recommended. "

2. For children with myocarditis or cardiomyopathy and refractory
low cardiac output, prearrest use of ECLS or MCS can be

2a B-NR beneficial to provide end-organ support and prevent cardiac

arrest °

3. Given the challenges to successful resuscitation of children with
53 B-NR myocarditis and cardiomyopathy, once cardiac arrest occurs,
early consideration of ECPR can be beneficial”

Recommendation-Specific Supportive Text

1. Three retrospective studies have evaluated predictors of worse outcome in fulminant myocarditis, noting
increased incidence of cardiac arrest and the need for ECLS in this high-risk population == In 1study,
nearly half of fulminant myocarditis patients required CPR, and nearly one third received MCS” Even
modest decreases in left ventricular ejection fraction are associated with the need for invasive circulatory
support=

2. The prognosis for patients with fulminant myocarditis who receive ECLS or MCS can be good. Instudy, 13
(46%} of 28 children regquiring MCS survived without transplant.~ One study noted that cutcomes for ECPR
patients cannulated with a diagnosis of myocarditis are superior to other arrest and iliness categories
leading to ECPR (ie, patients without congenital heart disease), noting myocarditis as a precannulation
factor associated with improved survival " In the pre—cardiac arrest cardiemyopathy patient, newer forms
of temporary circulatory support devices provide alternate and potentially improved support for

decompensated heart failure requiring bridge to transplantation. These devices may provide a survival
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benefit over ECMQ.*=

3. In 1study, 95% of children with myocarditis who were placed on ECLS (n=15) or MCS [n=1) after cardiac
arrest were alive 6 months later.?
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10. Conrad 53, Bridges BL, Kalra Y, Pietsch JB, Smith AH. Extracorporeal Cardiopulmonary Resuscitation Among Patients with
Structurally Normal Hearts. 4SA/O 1 2017:63:781-786. dot: 10.1097/MAT.0000000000000568

2 Resuscitation of the Patient with a Single Ventricle

The complexity and variability in pediatric congenital heart disease pose unigue challenges during
resuscitation. Children with single-ventricle heart disease typically undergo a series of staged palliative
operations. The objectives of the first palliative procedure, typically performed during the necnatal period, are
(1) to create unobstructed systemic blood flow, (2) to create an effective atrial communication to allow for atrial
level mixing, and (3} to regulate pulmonary blood flow to prevent overcirculation and decrease the volume load
on the systemic ventricle (Figure 14). During the second stage of palliation, & superior cavopulmonary
anastomosis, or bidirectional Glenn/hemi-Fontan operation, is performed to create an anastomosis, which aids
in the redistribution of systemic venous return directly to the pulmonary circulation (Figure 15). The Fontan is
the final palliation, in which inferior vena caval blood flow is baffled directly te the pulmonary circulation,
thereby making the single (systemnic) ventricle preload dependent on passive flow across the pulmonary
vascular bed (Figure 18).
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Neonates and infants with single-ventricle physiclogy have an increased risk of cardiac arrest as a result of (1)
increased myocardial work as a conseguence of volume overload, {2) imbalances in relative systemic (Qs) and
pulmonary {Qp) blood flow, and (3) potential shunt occlusion Depending on the stage of repair, resuscitation
may require control of pulmonary vascular resistance, oxygenation, systemic vascular resistance, of ECLS.

Aortic Arch Reconstruction

_—hortic arch
=

Blalock-Taussig
Shunt

Sano shunt

Figure 14. Stage | palliation for single ventricle with a Norweood repair and either a Blalock-Taussig
Shunt from the right subclavian artery to the right pulmonary artery or a Sano shunt from the right
ventricle to pulmonary artery.

Bidirectional Glenn

Superior -
vena cava

Figure 15. Stage [l palliation for single ventricle with a bidirectional Glenn shunt connecting the
superior vena cava to the right pulmonary artery.
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Fontan

Extracardiac
Fontan

Figure 16. Stage lll Fontan single ventricle palliation with an extracardiac conduit connecting the
inferior vena cava to the right pulmonary artery.

221 Preoperative and Postoperative Staage | Palliation (Norwood/Blalock-Taussig Shunt or Sano Shunt

COR LOE Recommendations

1. Direct (superior vena cava catheter) and/or indirect (near
infrared spectroscopy) oxygen saturation monitoring can be

22 B-NR beneficial to trend and direct management in the critically ill

neonate after stage | Norwood palliation or shunt placement.

2. In the patient with an appropriately restrictive shunt,
manipulation of pulmonary vascular resistance may have little
effect, whereas lowering systemic vascular resistance with the
use of systemnic vasodilators (o-adrenergic antagonists and/or
phosphodiesterase type |l inhibitors), with or without the use
of oxygen, can be useful to increase systemic oxygen delivery
(DO,) =

2a C-LD

3. For neonates prior to stage | repair with pulmonary
overcirculation and symptomatic low systemic cardiac output
and delivery of oxygen (DOy), it is reasonable to target a Pacoz

2a C-LD of 50-60 mm Hg. This can be achieved during mechanical

ventilation by reducing minute ventilation or by administering
analgesia/sedation with or without neuromuscular blockade. '~
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COR LOE Recommendations

4. ECLS after Stage | Norwood palliation can be useful to treat low
2a C-LD systemic DOZ.‘E"E

5. In the situation of known or suspected shunt obstruction, it is
reasonable to administer oxygen, vasoactive agents to increase

2a C-EO shunt perfusion pressure, and heparin (50-100 U/kg bolus)

while preparing for catheter-based or surgical intervention.-

Recommendation-Specific Supportive Text

1. In the early postoperative period, noninvasively measured regional cerebral and somatic saturations,

via near infrared spectroscopy, can predict cutcomes of early mortality and ECLS use following
stage | Norwood palliation. There are retrospective data that postoperative near infrared
spectroscopy measures may be targets for goal-directed interventions.=

. Afterload reduction using vasodilators (sodium nitroprusside or phentolamine), with or without &
phosphodiesterase type Il inhibitor (eg, milrinone), reduces systemic vascular resistance, serum
lactate, arterial venous oxygen difference, and the need for ECPR in the postoperative period for
shunt-dependent single-ventricle patients 4=

.In the period before single-ventricle palliation, cautious use of controlled hypoventilation can
reduce Qp:Qs by Increasing pulmonary vascular resistance, narrowing the arterial-venous oxygen
difference, and increasing cerebral oxygen delivery. Simple hypoventilation can alsc increase the
pulmonary vascular resistance but can be associated with unwanted atelectasis or respiratory
acidosis. &~

. For cardiac arrest before or after Stage | palliation repair, the use of ECPR is associated with
improved survival. In 2 observational studies, 32% to 54% of neconates requiring ECPR survived, and,
in 1study, the odds of survival improved in cardiac arrest patients managed with ECPR &S

. Treatment of acute shunt obstruction can include administration of oxygen, vasoactive agents (eg,
phenylephrine. nerepinephrine, epinephrine} to maximize shunt perfusion pressure,
anticoagulation with heparin (50-100 U/kg bolus), shunt intervention by catheterization or surgery,
and ECLS=

Postoperative Stage |l (Bidirectionzl Glenn/Hemi-Fantan) and Il (Fentan) Palliation

COR LOE Recommendations

1. For patients in a prearrest state with superior cavopulmonary
anastomosis physiology and severe hypoxemia due to
inadequate Qp, ventilatory strategies that target a mild

2a B-NR respiratory acidosis and a minimum mean airway pressure

without atelectasis can be useful to increase cerebral and

systemic arterial oxygenation. -
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COR

LOE Recommendations

2. ECLS in patients with superior cavopulmonary anastomosis or
Fontan circulation may be considered to treat low DOz from
2b B-NR reversible causes or as a bridge to a ventricular assist device or

surgical revision,”

Recommendation-Specific Supportive Text

1. In patients immediately following bidirectional Glenn placement, a ventilation strategy with higher
Paco; improved oxygenation.

2. In 1 retrospective analysis of the Extracorporesal Life Support Organization database, among infants
in whom & bidirectional Glenn had been placed and in whom ECLS was required, survival was
similar in patients who had cardiac arrest before ECLS ({16/38, 41%) and those who did not (26/64,
£19).1

These topics were reviewed previously in "Cardiopulmonary Resuscitation in Infants and Children With
Cardiac Disease: A Scientific Statement From the American Heart Association "=
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Recommendation for Treatment of the Child with Pulmonary Hypertension

Pulmonary hypertension is a rare disease in infants and children that is associated with significant morbidity
and mortality. In the majority of pediatric patients, pulmonary hypertensicn is idiopathic or associated with
chranic lung disease; congenital heart disease; and, rarely, other conditions, such as connective tissue or
thromboembolic disease’ Pulmonary hypertension occurs in 2% to 20% of patients following congenital heart
disease surgery, with substantial morbidity and mortality? Pulmonary hypertension occurs in 2% to 5% of
pediatric patients after cardiac surgery,” and 0.7% to 5% of all cardiovascular surgical patients experience
postoperative pulmonary hypertensive crises* Pulmonary hypertensive crises are acute rapid increases in
pulmonary artery pressure accompanied by right-sided (or single-ventricle) heart failure. During pulmonary
hypertensive crises, the right ventricle fails, and the increased afterload on the right ventricle produces
increased myocardial oxygen demand at the same time that the coronary perfusion pressure and coronary
blood flow decrease. The elevated left ventricle and right ventricle pressures lead to a fall in pulmenary blood
flow and left-sided heart filling, with a resultant fall in cardiac output. Inotropic agents can be administered to
improve right ventricle function, and vasopressors can be administered to treat systemic hypotension and
improve coronary artery perfusion pressure. Once cardiac arrest has occurred, outcomes can be improved in
the presence of an anatomic right-to-ieft shunt that permits left ventricle preload to be maintained without
pulmonary blood flow These crises are life threatening and may lead to systemic hypotension, myocardial
ischemia, cardiac arrest, and death. Because acidosis and hypoxemia are both potent pulmeonary
vasoconstrictors, careful monitoring and management of these conditions are critical in the management of
pulmonary hypertension. Treatment should alse include the provision of adeguate analgesics, sedatives, and
muscle relaxants, Pulmonary vasodilators, including inhaled nitric oxide, inhaled prostacyclin, inhaled and
intravenous prostacyciin analogs, and intravenous and oral phosphodiesterase type V inhibitors (eg, sildenafil)
are usad to prevent and treat pulmonary hypertensive crises. =

COR LOE Recommendations

1. Inhaled nitric oxide or prostacyclin should be used as the initial

therapy to treat pulmonary hypertensive crises cr acute right-
1 B-R sided heart failure secondary to increased pulmonary vascular
resistance—~—-=

2. Provide careful respiratory management and monitoring to
] B-NR avoid hypoxia and acidosis in the postoperative care of the child
with pulmonary hypertension.
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COR LOE Recommendations

3. For pediatric patients who are at high risk for pulmonary
1 C-EO hypertensive crises, provide adequate analgesics, sedatives, and
neuromuscular blocking agents 250

4. For the initial treatment of pulmonary hypertensive crises,
oxygen administration and induction of alkalosis through
2a c-LD hyperventilation or alkali administration can be useful while

pulmonary-specific vasodilators are administered. ==

5. For children who develop refractory pulmonary hypertension,

including signs of low cardiac output or profound respiratory
2b c-Lb failure despite optimal medical therapy, ECLS may be
considered."= =

R

ecomrmendation-Specific Supportive Text

1. Treatment with inhaled nitric oxide reduces the frequency of pulmonary hypertensive crises and shortens
time to extubation.= in patients with atrioventricular septal defect repair and severe postoperative
pulmonary hypertension, inhaled nitric oxide administration is associated with reduced mortality. ™!
Inhaled prostacyclin transiently produces pulmonary vasodilation and improves oxygenation, but the
alkalinity of the drug can irritate airways, and precise dosing can be complicated by drug loss in the
nebulization circuit.-=

2. Two physiological reviews and 1 randomized clinical trial have demonstrated that hypercarbia, hypoxemia.
acidosis; atelectasis, and ventilation-perfusion mismatch can all lead to increases in pulmonary vascular

resistance and, hence, elevation of pulmonary artery pressures in the immediate postoperative period.-

[P

. Two observational studies looking at select high-risk postoperative cardiac patients found an attenuation
in the stress response in those patients receiving fentanyl in the postoperative ;:Jc.-ricrcj%#"—*-‘E

4 Two physiological reviews and 1 randomized clinica! trial have demonstrated that hypercarbiz, hypoxemiz,
acidosis, atelectasis, and ventilation-perfusion mismatch can all lead to increases in pulmonary vascular
resistance and, hence, elevation of pulmonary artery pressures in the immediate postoperative period 5=

5, ECLS has been used in children with pulmonary vascular disease after cardiopulmonary collapse or low
cardiac output 5= Although outcomes remzin poor in certain populations 2 advances in technology of
extracorporeal devices may allow for bridging to MCS or to transplantation.= Although patients with
pulmonary hypertension who reguire ECLS have a2 high mortality rate, provision of ECLS can be
lifesaving ===

These topics were reviewed previously in “Cardiopulmonary Resuscitation in Infants and Children With Cardiac

Di

sease: A Scientific Staterment From the American Heart Association' and “Pediatric Pulmonary

Hypertension: Guidelines From the American Heart Association and American Thoracic Society."-
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24 Management of Traumatic Cardiac Arrest

Unintentional injuries are the most common cause of death among children and adolescents: Although many
organizations have established trauma care guidelines, == the management of traumatic cardiac arrest is often
inconsistent. Cardiac arrest due to major blunt or penetrating injury in children has a very high mortality rate.=
2 Thoracic injury should be suspected in all thoracoabdominal trauma because tension pneumothorax,
hemothorax, pulmonary contusion, or pericardial tampeonade may impair hemodynamics, oxygenation, and
ventilation.

COR

LOE Recommendations

1. In pediatric traumatic cardiac arrest, evaluate for and treat
1 C-EO potential reversible causes, such as hemorrhage, tension
pneumothorax, and pericardial tamponade. ™"

2. In pediatric cardiac arrest secondary to penetrating injury with a
2h C-LD short transport time, it may be reasonable to perform
resuscitative thoracotomy.——

Recommendation-Specific Supportive Text

1. Early correction of reversible causes by reducing delays in the delivery of trauma-specific interventions
may increase survival following penetrating traumatic cardiac arrest 2= Guidelines for cardiac arrest due to
trauma recommend hemorrhage control, restoration of circulating blood volume, opening the airway, and
relieving tension pneumothorax. These measures should be performed simultanesusly with conventional
resuscitation.

2. Recent systematic reviews— multicenter retrospective studies~* and single-center retrospective
studies” recommend emergent tharacotomy faor pediatric patients who present pulseless after
penetrating thoracic injury. There is no evidence to support emergent thoracotomy for infants and
children with blunt injury who are without signs of life. /!5
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25 Critical Knowledge Caps and Ongoing Research

During the literature review process, we identified several critical knowledge gaps related to pediatric basic and
advanced life support. These topics are either current areas of ongoing research or |ack significant pediatric
evidence to support evidence-based recommendations. In addition, we identified topics for which systematic
or scoping reviews are in process by the |[LCOR Basic Life Support or Pediatric Life Support Task Forces and
elected not to make premature recommendations until these reviews are available.
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As is so often the case in pediatric medicine, many recornmendations are extrapolated from adult data. This is
particularly true for the BLS components of pediatric resuscitation. The causes of pediatric cardiac arrest are
very different from cardiac arrest in adults, and pediatric studies are critically needed. Furthermore, infants,
children, and adolescents are distinct patient populations. Dedicated pediatric resuscitation researchisa
priority given the more than 20 000 infants, children, and adolescents who suffer cardiac arrest in the United
States each year.

Critical knowledge gaps are summarized in Table Z.

Table 2. Critical Knowledge Gaps Due to Insufficient Pediatric Data

What is the optimal method of medication delivery during CPR: |0 or IV?

What is the optimal method to determine body weight for medication administration?

In what time frame should the first dose of epinephrine be administered during pulseless cardiac arrest?
With what frequency should subseguent doses of epinephrine be administered?

With what frequency should epinepnrine be administered in infants and children during CPR who are
awaiting ECMO cannulation?

Are alternative compression technigues (cough CPR, fist pacing, interposed abdominal compression CPR)
more effective alternatives to CPR?

With what frequency should the rhvthm be checked during CPR?

What is the optimal methed of airway management during OHCA-bag-mask ventilation, supraglottic
airway, or endotracheal tube?

What is the optimal Figz 1o administer during CPR?

What is the optimal ventilation rate during CPR in patients with or without'an advanced airway? Is it age
dependent?

What is the optimal chest compression rate during CPR7 Is it age dependent?

What are the optimal blood pressure targets during CPR? Are they age dependent?

Can echocardiography improve CPR quality or outcomes from cardiac arrest?

Are there specific situations in which advanced airway placement is beneficial or harmful in OHCA?

What is the appropriate timing of advanced airway placement in IHCA?

What is the role of ECPR for patients with OHCA and IHCA due to nencardiac causes?

What is the optirmal timing and dosing of defibrillation for VRVT?

What clinical tools can be used to help in the decision to terminate pediatric IHCA and OHCA resuscitation?

What is the optimal blood pressure target during the post—cardiac arrest period?

CPR indicates cardiopulmonary resuscitation: ECMO. extracorpareal membrane oxyoenation; ECPR, extracorporeal cardiopulrmaenary
resuscitation; Fing, fractior: of Inspited oxygen; IHCA, in-hospital cardiac arrest: 10, Intréosssous’ IV, intravencus; OHCA, sut-of-hospital cardiac

arrest; pVT. pulseless vantricular tachycardia, SVT, supraventricular tachycardia, ang VF, ventricular fiprillation
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Table 2, Critical Knowledge Gaps Due to Insufficient Pediatric Data

Should seizure prophylaxis be administered post cardiac arrest?

Does the treatment of postarrest convulsive and nonconvulsive seizure improve outcomes?

What are the reliable methods for postarrest prognostication?

What rehahilitation therapies and follow-up should be provided to improve cutcomes post arrest?
What are the most effective and safe medications for adenosine-refractory SVT7?

What is the appropriate age and setting to transition from (1) neanata! resuscitation protocols to pediatric
resuscitation protocols and (2) from pediatric resuscitation protocols to adult resuscitation protocols?

CPE indicates cardlopulmaonary resuscitation; ECMD, extracorporeal membrane oxygenation; ECPR, extracorporaal cardiopuimanary
resuscitation; Fioz, fraction of inspired oxygen; IHCA, in-hospital cardiac arrest; 10, intraosseous; IV, Intravenous; OHCA, aut-of-hosplital cardiac

arrest; pVT, pulseless ventricular tachyecardia: SVT, supraventricular tachycardia; ang VF, ventrncular fibrillation
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Applying Class of Recommendations and Level of Evidence to Clinical
Strategies, Interventions, Treatments, or Diagnostic Testing in Patient

Care (Updated May 2019)*

CLASS (STRENGTH) OF RECOMMENDATION

CLASS 1 (STRONG) Benefit >>> Risk

Suggested phrases for writing
recommendations:

= |s recommended

= Is indicated/useful/effective/beneficial

= Should be performed/administered/other
» Comparative-Effectiveness Phrasest:

o Treatment/strategy A is
recommended/indicated in preference to
treatment B

o Treatment A should be chosen over treatment
B

CLASS 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing
recommendations:

= |sreasonable
= Can be useful/effective/beneficial
= Comparative-Effectiveness Phrasest:

o Treatment/strategy A is probably
recommended/indicated in preference to
treatment B

o It is reasonable to choose treatment A over
treatment B

CLASS 2b (WEAK) Benefit > Risk

Suggested phrases for writing
recommendations:

= May/might be reasonable

» May/might be considered

= Usefulness/effectiveness is
unknown/unclear/uncertain or not well
established

CLASS 3: No Benefit (WEAK) Benefit = Risk

Suggested phrases for writing
recommendations:

= |s not recommended
= |s not indicated/useful/feffective/beneficial
= Should not be performed/administered/other

CLASS Ill: Harm (STRONG) Risk > Benefit

Suggested phrases for writing
recommendations:

https¥icpr heart.orgieniresuscitation-science/opr-and-eco-guidelinestables/applying-class-of-

LEVEL (QUALITY) OF EVIDENCE

LEVEL A

s High-quality evidencet from more than 1 RCT

= Meta-analyses of high-quality RCTs

= One or more RCTs corroborated by high-quality
registry studies

LEVEL B-R {Randomized)

= Moderate-quality evidencef from 1 or more RCTs
= Meta-analyses of moderate-quality RCTs

LEVEL B-NR (Nonrandomized)

= Moderate-quality evidencet from 1 or more well-
designed, well-executed nonrandomized studies,
observational studies, or registry studies

= Meta-analyses of such studies

LEVELC-LD (Limited Data)

= Randomized or nonrandomized observational or
registry studies with limitations of design aor
execution

= Meta-analyses of such studies

s Physiological or mechanistic studies in human
subjects

LEVEL C-EOQ (Expert Opinion)

= Consensus of expert opinion based on clinical
experience

COR and LOE are determined independently {any COR may
be paired with any LOE).

A recommendation with LOE C does not imply that the
recommendation is weak, Many important clinical guestions
addressed in guidelines do not lend themselves to clinical
trials. Although RCTs are unavailable, there may be a very clear
clinical consensus that a particular test or therapy is useful or
effective.

*The cutcome or result of the intervention should be specified
(an improved clinical outcome or increased diagnostic
accuracy or incremental prognostic information).

1 For comparative-effectiveness recommendations (COR | and
2a; LOE A and B only), studies that support the use of
comparator verbs should invelve direct comparisons of the
treatrnents or strategies being evaluated.

1 The methed of assessing quality is evolving, Including the
application of standardized, widely used, and preferably
validated evidence grading tools; and for systematic reviews,
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= Potentially harmful the incorporation of an Evidence Review Committee.

» Causes harm o . o
COR indicates Ciass of Recommendation; EO, expert opinion;

* Associated with excess mcrbldllty-/mortallty LD, limited data; LOE, Level of Evidence; NR, nonrandomized;
= Should not be performed/administered/other R, randomized; and RCT, randomized controlled trial,
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