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Part 4: Pediatric Basic and Advanced Life
Support

2020 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care

TOP 10 TAKE-HOME MESSAGES

1.

10.

High-quality cardiopulmonary resuscitation (CPR) is the foundation of
resuscitation. New data reaffirm the key components of high-quality CPR:
providing adequate chest compression rate and depth, minimizing
interruptions in CPR, allowing full chest recoil between compressions, and
avoiding excessive ventilation.

A respiratory rate of 20 to 30 breaths per minute is new for infants and children
who are (a) receiving CPR with an advanced airway in place or (b) receiving
rescue breathing and have a pulse.

For patients with nonshockable rhythms, the earlier epinephrine is
administered after CPR initiation, the more likely the patient is to survive.
Using a cuffed endotracheal tube decreases the need for endotracheal tube
changes.

The routine use of cricoid pressure does not reduce the risk of regurgitation
during bag-mask ventilation and may impede intubation success.

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

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.

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

Naloxone can reverse respiratory arrest due to opioid overdose, but there is
no evidence that it benefits patients in cardiac arrest.

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 a cardiac arrest per year in the United
States.’ In 2015, emergency medical service—documented out-of-hospital cardiac
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Approximately 11.4% of pediatric OHCA patients survived to hospital discharge, but
outcomes varied by age, with survival rates of 17.1% in adolescents, 13.2% in children,
and 4.9% 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%.4 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 to 47% of survivors to discharge.s
Despite increases in survival from IHCA, there is more to be done to improve both
survival and neurological outcomes.®

The International Liaison Committee on Resuscitation (ILCOR) Formula for Survival
emphasizes 3 essential components for good resuscitation outcomes: 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 to
include recovery from cardiac arrest, requires coordinated efforts from 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 recommendations about systems of care are provided in Part
7.

INTRODUCTION

Scope of Guidelines

These guidelines are intended to 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 environment. Prearrest, intra-arrest, and
postarrest topics are reviewed, including cardiac arrest in special circumstances, such
as in 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 year of age.

¢ Child guidelines apply to children approximately 1 year 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 hospitalization following birth.
Pediatric basic and advanced life support guidelines apply to neonates (less than 30
days old) after hospital discharge.

Coronavirus Disease 2019 Guidance

Together with other professional societies, the American Heart Association (AHA) has
provided interim guidance for basic and advanced life support in adults, children, and
neonates with suspected or confirmed coronavirus disease 2019 (COVID-19). Because
evidence and guidance are evolving with the COVID-19 situation, this interim guidance
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is maintained separately from
the emergency
cardiovascular care (ECC)
guidelines.  Readers are
directed to the 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,
emergency 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 rigorous 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.
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Methodology and Evidence Review
These pediatric guidelines are based on the extensive evidence evaluation performed
in conjunction with the ILCOR and affiliated ILCOR member councils. Three different
types of evidence reviews (systematic reviews, scoping reviews, and evidence
updates) were used in
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Table 1. Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient

Care (Updated May 2019)*

- umumm«mmn

LEVEL (QUALITY) OF EVIDENCES

o Randomizod or notrandomized observational or regestry studes with

Fenitations of design or execution
o Meta-analyses of uch stsies
o Physiclogical or mechanis$c stadies i human subjects
LEVEL C-E0 (Expent Opinion)

» Consensus of expart opinion based on clinical experience

COR a0 LOE e Ostarrminad irdepenciestly (aty COR may Do paeed with any LOE)

A recomsmendation with LOE € dows not imply Bl Bw recommendation s weak, Many
Important cisical questions addresasd In gudefines do not leod thermaetres © il
ks ARrouch RCTS are undngdabie, there may 00 & wery Chair clical conaonsus e 0
paricuty el of TPwvagy ks woeld or eflcive.

¥ The cefoome of result of the inferventon should Be specited (an improved chnical
AIeare oF INCTedsad CagNOic ACCUCY Of InCremental pAagnoStc Imlrmation)

1 For companatve-etiectiveness recommmendations 100R 1 and 25 LOE A and B oy,
Sudes Dol support Te ute of compantor wes $hOdd mechve Erect compinisons
of thee Leatemects OF s ategies Do svalualed

3 The metod of maenaing quaiity i3 ovilving. inchuding Bw agplication of st
Gurdded, widely-ased, andd prefecatily vakdaled evidence gradng ol and for
systemalic reviews, The incorpoativn of an Eridence Review Commities

COR ndicates Clans of Recommandation: £0, expant opinion: LD, hevind &atx LOE. Loved
of Evidence: MR novendonted R rsdomized and ACT. sasdiraed confrolied bial

the 2020 process.0!! After review by the ILCOR Sci-

ence Advisory Committee Chair, the evidence update

worksheets were included in Appendix C of the 2020
ILCOR Consensus on CPR and ECC Science With Treat -
ment Recommendations .*** Each of these resulted in a
description of the literature that facilitated guideline de -
velopment. This process is described more fully in “Part

2: Evidence Evaluation and Guidelines Development.” 12

ECC Science With Treatment Recommendations evidence
and recommendations to determine if current guidelines

should be reaffirmed, revised, or retired or if new recom -
mendations were needed. The writing group then draft -
ed, 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.
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Class 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 ILCOR Consensus
on CPR and

Guideline Structure

The 2020 Guidelines are organized in discrete modules of information on specific
topics or management issues.!3 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). Following the COR, recommendations are ordered by the certainty
of supporting LOE: Level A (high-quality randomized controlled trials) to Level C-EO
(expert opinion). This order does not reflect 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
management or treatment concepts. Recommendation-specific supportive text
clarifies the rationale and key study data supporting the recommendations. When
appropriate, flow diagrams or additional tables are included. Hyperlinked references
are provided to facilitate quick 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 life support
ECMO extracorporeal membrane oxygenation
ECPR extracorporeal cardiopulmonary resuscitation
EO Expert Opinion
ETI endotracheal intubation
FBAO foreign body airway obstruction
IHCA in-hospital cardiac arrest
ILCOR International Liaison Committee on Resuscitation
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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, comp

pVT

pulseless ventricular tachycardi

RCT

randomized clinical trial

ROSC

return of spontaneous circulatic

SGA

supraglottic airway

™

targeted temperature manager

VF

ventricular fibrillation
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MAJOR CONCEPTS

The epidemiology, pathophysiology, and common
etiologies of pediatric cardiac arrest are distinct from
adult and neonatal cardiac arrest. Cardiac arrest in infants
and children does not usually result from a 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 deterioration,
which eventually results in cardiopulmonary failure,
bradycardia, and cardiac arrest. In children with
congenital heart disease, cardiac arrest is often due to a
primary cardiac cause, although the etiology is distinct
from adults.

Outcomes for pediatric IHCA have improved over the
past 20 years, in part because of early recognition, high-

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

quality CPR, postarrest care, and extracorporeal
cardiopulmonary resuscitation (ECPR).:2 In a recent
analysis of the Get With The Guidelines Resuscitation
Registry, a 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 has plateaued since 2010.2 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.3

Survival rates from OHCA remain less encouraging. In a
recent analysis 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
Outcomes Consortium Epidemiological 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
ter of patients with favorable outcomes have global
cognitive impairment and that 85% of older children
who were reported to have favorable outcomes have
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neurodevelopmental, physical, and emotional outcomes
of survivors. Recent studies demonstrate that a quar-

selective neuropsychological deficits.”
The Pediatric Chain of Survival

Historically, cardiac arrest care has largely focused on the
management of the cardiac arrest itself, highlighting high-
quality 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 more
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 recognition and treatment of
patients at risk for cardiac arrest such as neonates
undergoing cardiac surgical procedures, patients
presenting with acute fulminant myocarditis, acute
decompensated heart  failure, or  pulmonary
hypertension.

Following cardiac

resuscitation  from arrest,

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

for infants and children before calling for help because
respiratory arrest is the most common 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

cardiopulmonary resuscitation.

management of the post—cardiac arrest syndrome (which
may include brain dysfunction, myocardial dysfunction
with low cardiac output, and ischemia or reperfusion
injury) is important to avoid known contributors to
secondary injury, such as hypotension.8® 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 rehabilitation assessment and
intervention is key.

To highlight these different aspects of cardiac arrest
management, the Pediatric Chain of Survival has been
updated (Figure 1). 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 a cell phone is available,
activating the emergency response and starting CPR can
be nearly simultaneous. However, in the out-of-hospital
setting, a single rescuer who does not have access to a cell
phone should begin CPR (compressions-airway-breathing)
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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 a pulse as long as
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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 common 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-quality CPR generates blood flow to vital organs
and increases the likelihood of return of spontaneous
circulation (ROSC). The 5 main components of high-quality
CPR are (1) adequate chest compression depth, (2)
optimal chest compression 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,»2 incomplete chest recoil,®> and high ventilation
rates*5 are common during pediatric resuscitation.

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 of life; do not check for
apulse.5®

2. Ininfants and children with no signs of life, it is
reasonable for healthcare providers to check for
2a CLD a pulse for up to 10 s and begin compressions

unless a definite pulse is felt.?2

3. It may be reasonable to initiate CPR with
compressions-airway-breathing over
airwaybreathing-compressions.?

2b C-EO

Recommendation-Specific Supportive Text
1. Lay rescuers are unable to reliably determine the
presence or absence of a pulse.6-20

2. No clinical trials have compared manual pulse
checks with observations of “signs of life.” However,
adult and pediatric studies have identified a high
error rate and harmful CPR pauses during manual
pulse checks by trained rescuers.2:-23 In 1 study,
healthcare provider pulse palpation accuracy was
78%21 compared with lay rescuer pulse palpation
accuracy of 47% at 5 seconds and 73% at 10
seconds.®

3. One pediatric study demonstrated only a small
delay (5.74 seconds) in commencement of rescue
breathing with compressions-airway-breathing
compared with airway-breathing-compressions.2*
Although the evidence is of low certainty,
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continuing  to recommend compressions-
airwaybreathing likely results in minimal delays in
rescue breathing and allows for a consistent
approach to cardiac arrest treatment in adults and
children.

Components of High-Quality CPR

Recommendations for Components of High-Quality CPR

Recommendations

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

2. Forinfants and children, if bystanders are
unwilling or unable to deliver rescue breaths, it
is recommended that rescuers should provide
chest compressions only.?”?

3. After each compression, rescuers should allow
the chest to recoil completely.>*3°

1 C-EO

4. It is reasonable to use a chest compression rate

2a C-Lb of ~100-120/min for infants and children.33

5. Forinfants 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 (5 cm) 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-LD

o

For healthcare providers, it is reasonable to
perform a rhythm check, lasting no more than 10
s, approximately every 2 min.

2a C-EO

N

I tis reasonable to ventilate with 100% oxygen

2a C-EO during CPR.

©

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.*

2a C-EO

©

When performing CPR in infants and children
with an advanced airway, it may be reasonable
to target a respiratory rate range of 1 breath
every 2—3 s (2030 breaths/min), accounting
for age and clinical condition. Rates exceeding
these recommendations may

compromise hemodynamics.®

2b C-LD

Recommendation-Specific Supportive Text
1. Large observational 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.2s—29

2. Large observational studies of children with OHCA
show that compression-only CPR is superior to no
bystander CPR, though outcomes for infants with
OHCA are often poor.27.28
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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.23 In 1 observational study
of invasively monitored and anesthetized children,
leaning was associated with elevated cardiac filling
pressures, leading to decreased coronary perfusion
pressures during sinus rhythm.3°

A small observational study found that a
compression rate of at least 100/min was
associated with improved systolic and diastolic
blood pressures during CPR for pediatric IHCA.3!
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
exceeding 120/min.32 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).32

Three anthropometric studies have shown that the
pediatric chest can be compressed to one third of
the anterior-posterior chest diameter without
damaging intrathoracic organs.33-35 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

0202 ‘7T 1quaoa( uo Aq S1o°sjeuinoleye//:dny woiy papeojumoq

compression depth greater than 5 cm for
pediatric IHCA. 36

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

7. There are no human studies addressing the effect of
varying inhaled oxygen concentrations during CPR
on outcomes in infants and children.

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

9. One small, multicenter observational study of

intubated pediatric patients found that ventilation
rates (at least 30 breaths/min in children less than 1
year of age, at least 25 breaths/min in older
children) were associated with improved rates of
ROSC and survival.5 However, increasing ventilation
rates are associated with decreased systolic blood
pressure in children. The optimum ventilation rate
during continuous chest compressions in children
with an advanced airway is based on limited data
and requires 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

Guidelines for Cardiopulmonary Resuscitation and

Emergency Cardiovascular Care.”37
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Figure 2. 2-Finger
compressions.
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Figure 3. 2-Thumb-encircling hands compressions.

CPR Technique

COR LOE Recommendations

1. For infants, single rescuers (whether lay
rescuers or healthcare providers) should
compress the sternum with 2 fingers
(Figure 2) or 2 thumbs placed just below the
intermammary line.3*%

1 C-LD

2. Forinfants, the 2-thumb—encircling hands
technique (Figure 3) is recommended when
CPR s provided by 2 rescuers. If the rescuer
cannot physically encircle the victim’s chest,
compress the chest with 2 fingers.**®

1 C-LD

3. For children, it may be reasonable to use either
a 1- or 2-hand technique to perform chest
compressions.’*

2b C-LD

4. For infants, if the rescuer is unable to achieve
guideline recommended depths (at least one
third the anterior-posterior diameter of the
chest), it may be reasonable to use the heel of
1 hand.

2b C-EO

Recommendation-Specific Supportive Text

1. One anthropometric3® and 3 radiological studies39-41
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.4! See
Figure 2 for the 2-finger technique.

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901

2. Systematic reviews suggest that the 2-thumb-
encircling hands technique may improve CPR
quality when compared with 2-finger compressions,
particularly for depth.4243 However, recent manikin
studies suggest that the 2-thumb—encircling hands
technique may be associated with lower chest
compression fractions (percent of cardiac arrest
time that chest compression are provided)* and
incomplete chest recoil, 54 especially when
performed by single rescuers. See Figure 3 for the 2-
thumb—encircling hands technique.

3. There are no pediatric-specific clinical data to
determine if the 1-hand or 2-hand technique
produces better outcomes for children receiving
CPR. In manikin studies, the 2-hand technique has
been associated with improved compression
depth,*” compression force,*® and less rescuer
fatigue.#

4. There were no human studies comparing the 1-
hand compression versus the 2-thumb—encircling
hands technique in infants.

Support Surfaces for CPR

Recommendations for Support Surfaces for CPR

COR LOE Recommendations

1. During IHCA, when available, activate the bed’s
1 C-LD “CPR mode” to increase mattress
stiffness.”>>3
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3. During IHCA, it is reasonable to use a
backboard to improve chest compression
depth.s3ss,s6,60-63

2. Itis reasonable to perform chest
2 Gl compressions on a firm surface.>° 2a C-LD

Figure 4. Pediatric BLS
for lay rescuers.

AEQ%\dicates automated external
defig‘illator; BLS, basic life support;
CPRgcardiopulmonary resuscitation;
and Q\AS, emergency medical
servies.
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STEP 1

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
= With a coll phone,

Without a cell phone,

If help is available,
phone 9-1-1, Start

CPR while you send
someone to get
an AED.

STEP3

Repeat cycles of
30 compressions
and then 2 breaths.

® Child CPR
Push in the mikidk of
the chest at lkzast one
third the chest depth or
approxdamatoly 2 mches
with 1 or 2 hands

® Infant CPR

Push in the middie of

the chest at least one
third the chast depth or
appeodimately 1%: inches
with 2 fingers.

 —
- e

Use the AED as soon as
itarrives.

Continue CPR until
EMS arrives.
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Pediatric Basic Life Support Algorithm for Healthcare Providers—Single Rescuer

| Vortyscenosatey. |
i

* Check for responsiveness.

* Shout for nearby help.

* ACtvite the emergency 1éspocse systam
 viamobile device (f appropriate)

R —— breathing: check
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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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Pediatric Basic Life Support Algorithm for Healthcare Providers—2 or More Rescuers

Variy scene safety.
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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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Pediatric Cardiac Arrest Algorithm
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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; |V, intravenous; PEA, pulseless electrical activity; and
VF/pVT, ventricular fibrillation/pulseless ventricular tachycardia.
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Recommendation-Specific Supportive Text

1. “CPR mode” is available on some hospital beds to
stiffen the mattress during CPR. Manikin models
indicate that mattress compression ranges between
12% and 57% of total compression depth, with
softer mattresses being compressed the most.50-53
This can lead to reduced sternal displacement and a
reduction in effective chest compression depth.

2. Manikin studies and 1 pediatric case series show
that effective compression depth can be achieved
even on a soft surface, providing the CPR provider
increases overall compression depth to compensate
for mattress compression.53-59

3. Meta-analysis of 6 studies35660-63 showed a 3-mm
(95% CI 1-4 mm) improvement in chest
compression depth associated with backboard use
when CPR was performed on a manikin placed on a
mattress or bed.

Opening the Airway

COR LOE Recommendations

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

airway.®

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

3. For the trauma patient with suspected cervical
spinal injury, if 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 a head-tilt angle of 144 to 150
degrees based on a regression analysis.6*

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.

3. There are no pediatric studies evaluating the impact
of a head tilt—chin lift maneuver to open the airway
in a 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.
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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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ADVANCED AIRWAY INTERVENTIONS
DURING CPR

Most pediatric cardiac 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 (SGA) placement or endotracheal intubation (ETI),
may improve ventilation, reduce the risk of aspiration,
and enable uninterrupted compression delivery.
However, airway placement may interrupt the delivery of
compressions or result in a malpositioned device.
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Advanced airway placement requires specialized
equipment and skilled providers, and it may be difficult for
professionals who do not routinely intubate children.

Recommendation for Advanced Airway Interventions During CPR

COR LOE Recommendation
1. Bag-mask ventilation is reasonable compared
with advanced airway interventions (SGA and
2a CLD 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 ETl and bag-mask
ventilation achieve similar rates of survival with
good neurological function and survival to hospital
discharge in pediatric patients with OHCA.1-3
Propensity-matched retrospective studies also
show similar rates of survival with good
neurological function and survival to discharge
when comparing SGA with bag-mask ventilation in
pediatric OHCA.23 No difference was observed in
outcomes between SGA and ETI.23 There are limited
data to compare outcomes between bagmask
ventilation versus ETI in the management of IHCA,*
and there are no hospital-based studies of SGA. 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.

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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DRUG ADMINISTRATION DURING CPR

Vasoactive agents, such as epinephrine, are used during
cardiac arrest to restore spontaneous circulation by
optimizing coronary perfusion and maintaining cerebral
perfusion, but the benefit and optimal timing of
administration remain unclear.?2 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 bicarbonate and calcium is not
supported by current data.>7 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.?

Drug Administration During Cardiac Arrest

eco endatio or Drug Ad ation D g Cardia

COR LOE Recommendations

1. For pediatric patients in any setting, it is
reasonable to administer epinephrine. IV/ 10
is preferable to endotracheal tube (ETT)
administration.?**

2a C-LD

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

2a C-LD

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

2a C-LD

4. For shock-refractory VF/pVT, either
amiodarone or lidocaine may be used.?*®

2b C-LD

5. Routine administration of sodium bicarbonate is
not recommended in pediatric cardiac arrest in
the absence of hyperkalemia or sodium channel
blocker (eg, tricyclic antidepressant)
toxicity.s-7,21-25

6. Routine calcium administration is not
recommended for pediatric cardiac arrest in the
absence of documented 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 9 children who had
cardiac arrest during sport or exertion noted a survival
rate of 67%, of whom 83% did not receive
epinephrine. All survivors received early chest
compressions (within 5 minutes) and early
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defibrillation (within 10 minutes), and the initial
cardiac arrest rhythm was a shockable rhythm.®
Intravenous/intraosseous (IV/ 10) administration of
epinephrine is preferred over ETT administration
when possible.10.11

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 5 minutes after CPR initiation were more likely to
survive to discharge.’2 Four observational studies of
pediatric OHCA demonstrated that earlier epinephrine
administration increased rates of ROSC,!34 survival to
ICU admission,* survival to discharge,'416 and 30-day
survival.1s

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.l” One observational study of pediatric IHCA
demonstrated that an average epinephrine
administration interval of 5 to 8 minutes and of 8 to 10
minutes was associated with increased odds of
survival compared with an epinephrine interval of 1 to
5 minutes.!® Both studies!’!® 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.19.20 |n Valdes et al, administration
of lidocaine, but not amiodarone, was associated with
higher rates of ROSC and survival to hospital
admission.’® Neither lidocaine nor amiodarone
significantly affected the odds of survival to hospital
discharge; neurological outcome was not assessed. A
propensity-matched study of an IHCA registry
demonstrated no difference in outcomes for patients
receiving lidocaine compared with amiodarone.20

A recent evidence review identified 8 observational
studies of sodium bicarbonate administration during
cardiac arrest.57.21-25 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
hyperkalemia and sodium channel blocker toxicity,
including from tricyclic antidepressants.

Two  observational studies examining the
administration of calcium during cardiac arrest
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demonstrated worse survival and ROSC with calcium
administration.423 There are special circumstances in
which calcium administration is used, such as
hypocalcemia, calcium channel blocker overdose,
hypermagnesemia, and hyperkalemia.3

Recommendation 4 was reviewed in “2018 American
Heart Association Focused Update on Pediatric Advanced
Life Support:
Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care.”26

An Update to the American Heart

Weight-Based Dosing of Resuscitation

Medications
eco endatio 0 eight-Based Dosing of Re atio edicatio
COR ‘ LOE ‘ Recommendations
1. For resuscitation medication dosing, it is
recommended to use the child’s body weight to
1 C-EO calculate resuscitation drug doses while not

exceeding the recommended dose for
adults.27-31

2. W hen possible, inclusion of body habitus or
anthropomorphic measurements may

2b 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
2b C-LD cognitive aids to calculate resuscitation drug

dosing and administration may be
considered.29,32,33

Recommendation-Specific Supportive Text

1. There are many theoretical concerns about the use
of actual body weight (especially in overweight or
obese patients).2-22 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.3031

2. Several studies suggest that inclusion of body
habitus or anthropometric measurements further
refines and improves weight estimations using
length-based measures.2 However, there s
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.29.3233
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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 neurological 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
(secondary 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.

Energy Dose

Recommendations for Energy Dose

COR LOE Recommendations

1. Itis reasonable to use an initial dose of 2—4 J/kg
of monophasic or biphasic energy for
defibrillation, but, for ease of teaching, an initial
dose of 2 J/kg may be considered.*”

2a C-LD

2. For refractory VF, it may be reasonable to

2b C-LD increase the defibrillation dose to 4 J/kg.*”

3. For subsequent energy levels, a dose of 4 J/kg
may be reasonable, and higher energy levels
may be considered, though not to exceed 10
J/kg or the adult maximum dose.*”

2b C-LD

Recommendation-Specific Supportive Text
1. 1, 2, and 3. A systematic 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
subsequent rhythm nor the outcome of the
resuscitation was reported.2 A small case series of
prolonged OHCA observed that 2 to 4 J/kg shock
terminated VF 14 times in 11 patients, resulting in
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asystole or pulseless electric activity, with no
survivors to hospital discharge.? In 1 observational 2b
study of IHCA,* a higher initial energy dose of more
than 3 to 5 J/kg was less effective than 1 to 3 J/kg in
achieving ROSC. Three small, observational studies
of pediatric IHCA35 and OHCA¢ found no specific
initial energy dose that was associated with
successful defibrillation. One study suggested that 2 2.
J/kg was an ineffective dose, especially for
secondary VF.”

3. Paddles and self-adhering pads may be
considered equally effective in delivering
electricity.?

C-LD

Recommendation-Specific Supportive Text
1. Larger pad or paddle size decreases transthoracic
impedance, which is a major determinant of cur-
rent delivery.16-18

One human and 1 porcine study demonstrated no
significant difference in shock success or ROSC
when comparing anterior-lateral with anterior-
posterior position.”1?

Coordination of Shock and CPR 3. One study demonstrated no significant difference in
) ) median time to shock with paddles compared with
self-adhesive pads.2
COR LOE Recommendations
1. Perform CPR until the device is ready to deliver .
1 CE0 ashock 52 Type of Defibrillator
2. Asingle shock followed by immediate chest Recommendations o EsciReiibrllato]
1 C-EO compressions is recommended for children COR LOE Recommendations
with VF/pVT.5314
. i 1. When using an AED on infants and children <8
3. Minimize interruptions of chest . .
1 C-EO compressions. 1 C-LD y old, use of a pediatric attenuator is
recommended. 2
Recommendation-Specific Supportive Text
p ‘f pp L . 2. For infants under the care of a trained
1. There are currently no pediatric data available healthcare provider, a manual defibrillator is
1 C-EO

recommended when a shockable rhythm is
identified.®3*

regarding the optimal timing of CPR prior to
defibrillation. Adult studies demonstrate no benefit
of a prolonged period of CPR prior to initial 3. If neither a manual defibrillator nor an AED
defibrillation.8-12 equipped with a pediatric attenuator is
available, an AED without a dose attenuator
may be used.26-283035

2b C-EO

2. There are currently no pediatric data concerning the
best sequence for coordination of shocks and CPR.
Adult studies comparing a 1-shock protocol versus a
3-shock protocol for treatment of VF suggest
significant survival benefit with the single-shock
protocol.13.14

Recommendation-Specific Supportive Text

1. Shockable rhythms are infrequent in infants.2%.22
Studies of rhythm identification algorithms have
demonstrated high specificity for shockable
rhythms in infants and children.2-25 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 attenuator was used.26-32

3. Prolonged pauses in chest compressions decrease
blood flow and oxygen delivery to vital organs, such
as the brain and heart, and are associated with
lower survival.13.15

2. There are no specific studies comparing manual

Defibrillator Paddle Size, Type, and defibrillators with AEDs in infants or children.
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Position Manual defibrillators are preferred for in-hospital
eco dations fo brillator Padd pe, and Positio use because the energy dose can be titrated to the
patient’s weight. In adults, use of an AED in

COR LOE Recommendations . . . .
hospitals did not improve survival,3® and the
1. Use the largest paddles or self-adhering perishock pauses needed for rhythm analysis were

electrodes that will fit on the child’s chest while 34
1 C-EO still maintaining good separation between the prolonged.

pads/paddles.’**® AEDs without pediatric modifications deliver 120 to
2. When affixing self-adhering pads, either anterior- 360 JOU'GS, .exc.eedlng the recommended dose for
2b C-LD lateral placement or anterior-posterior children weighing less than 25 kg. However, there
placement may be reasonable.”” are reports of safe and effective AED use in infants
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and young children when the dose exceeded 2 to 4
J/kg.26-283035 Because defibrillation is the only
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effective therapy for VF, an AED without a dose
attenuator may be lifesaving.
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ASSESSMENT OF RESUSCITATION QUALITY
Initiating and maintaining high-quality CPR is associated
with improved rates of ROSC, survival, and favorable
neurological outcome, yet measured CPR quality is often
suboptimal.’3 Noninvasive and invasive monitoring
techniques may be used to assess and guide the quality of
CPR. Invasive arterial blood pressure monitoring 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.5
A sudden rise in ETCO;, may be an early sign of ROSC.6 CPR
feedback devices (ie, coaching, audio, and audiovisual
devices) may improve compression rate, depth, and recoil
within a system of training and quality assurance for high-
quality CPR. Point of care ultrasound, specifically
echocardiography, during CPR has been considered for
identification of reversible causes of arrest. Technologies
that are under evaluation to assess resuscitation quality
include noninvasive measures of cerebral oxygenation,
such as using near infrared spectroscopy during CPR.

COR LOE Recommendations

1. For patients with continuous invasive arterial
blood pressure monitoring in place at the time
of cardiac arrest, it is reasonable for providers to
use diastolic blood pressure to assess CPR
quality.*

2a C-LD

2. ETCO, monitoring may be considered to assess
the quality of chest compressions, but specific
values to guide therapy have not been
established in children.”®

2b C-LD

3. It may be reasonable for the rescuer to use
CPR feedback devices to optimize adequate
chest compression rate and depth as part of a
continuous resuscitation quality improvement
system.>1°

2b C-EO

4. When appropriately trained personnel are
available, echocardiography may be considered
to identify potentially treatable causes of the
arrest, such as pericardial tamponade and
inadequate ventricular filling, but the potential
benefits should be weighed against the known
deleterious consequences of interrupting chest
compressions. ™3

2b C-EO

Recommendation-Specific Supportive Text

1. 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
neurological outcome if the diastolic blood pressure
was at least 25 mm Hg in infants 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 needed.
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2. 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 0.885.7 A prospective, multicenter
observational study of IHCA did not find an
association between mean ETCO, and outcomes.8

3. A simulation trial of pediatric healthcare providers
demonstrated a significant improvement in chest
compression depth and rate compliance when they
received visual feedback (compared to no
feedback), although overall compression quality
remained poor.? One small observational study of 8
children with IHCA did not find an association
between CPR with or without audiovisual feedback
and survival to discharge, although feedback
decreased excessive compression rates.10

4. Several case series evaluated the use of bedside
echocardiography to identify reversible causes of
cardiac arrest, including pulmonary embolism.1112
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 echocardiography and cardiologists
performing formal echocardiography.:3

REFERENCES

1. Niles DE, Duval-Arnould J, Skellett S, Knight L, Su F, Raymond TT, Sweberg T, Sen
Al, Atkins DL, Friess SH, de Caen AR, Kurosawa H, Sutton RM, Wolfe H, Berg
RA, Silver A, Hunt EA, Nadkarni VM; pediatric Resuscitation Quality
(pediRES-Q) Collaborative Investigators. Characterization of Pediatric
InHospital Cardiopulmonary Resuscitation Quality Metrics Across an
International Resuscitation Collaborative. Pediatr Crit Care Med.
2018;19:421—
432. doi: 10.1097/PCC.0000000000001520

2. Sutton RM, Case E, Brown SP, Atkins DL, Nadkarni VM, Kaltman J, Callaway C,
Idris A, Nichol G, Hutchison J, Drennan IR, Austin M, Daya M, Cheskes S, Nuttall
J, Herren H, Christenson J, Andrusiek D, Vaillancourt C, Menegazzi JJ, Rea TD,
Berg RA; ROC Investigators. A quantitative analysis of out-of-hospital pediatric
and adolescent resuscitation quality—A report from the ROC epistry-cardiac
arrest. Resuscitation. 2015;93:150-157. doi:
10.1016/j.resuscitation.2015.04.010

3.  Wolfe H, Zebuhr C, Topjian AA, Nishisaki A, Niles DE, Meaney PA, Boyle L,
Giordano RT, Davis D, Priestley M, Apkon M, Berg RA, Nadkarni VM, Sutton RM.
Interdisciplinary ICU cardiac arrest debriefing improves survival outcomes*.
Crit Care Med. 2014;42:1688-1695. doi: 10.1097/CCM. 0000000000000327

4. Berg RA, Sutton RM, Reeder RW, Berger JT, Newth CJ, Carcillo JA, McQuillen
PS, Meert KL, Yates AR, Harrison RE, Moler FW, Pollack MM, Carpenter TC,
Wessel DL, Jenkins TL, Notterman DA, Holubkov R, Tamburro RF, Dean JM,
Nadkarni VM; Eunice Kennedy Shriver National Institute of Child Health and
Human Development Collaborative Pediatric Critical Care Research Network
(CPCCRN) PICqCPR (Pediatric Intensive Care Quality of Cardio-Pulmonary
Resuscitation) Investigators. Association Between Diastolic Blood Pressure
During Pediatric In-Hospital Cardiopulmonary Resuscitation and Survival.
Circulation. 2018;137:1784-1795. doi: 10.1161/CIRCULATIONAHA.117.032270

5. Hamrick JL, Hamrick JT, Lee JK, Lee BH, Koehler RC, Shaffner DH. Efficacy of
chest compressions directed by end-tidal CO2 feedback in a pediatric
resuscitation model of basic life support. J Am Heart Assoc. 2014;3:e000450.
doi: 10.1161/JAHA.113.000450

6. Hartmann SM, Farris RW, Di Gennaro JL, Roberts JS. Systematic Review and
Meta-Analysis of End-Tidal Carbon Dioxide Values Associated With Return of

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901



020T ‘7T 10quads( uo Aq S10°sjeuanoleye//:dyy woiy papeojumo

Topjian et al Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

Spontaneous Circulation During Cardiopulmonary Resuscitation. J Intensive
Care Med. 2015;30:426-435. doi: 10.1177/0885066614530839

7. Stine CN, Koch J, Brown LS, Chalak L, Kapadia V, Wyckoff MH. Quantitative end-
tidal CO2 can predict increase in heart rate during infant cardiopulmonary
resuscitation. Heliyon. 2019;5:e01871. doi: 10.1016/j. heliyon.2019.e01871

8. Berg RA, Reeder RW, Meert KL, Yates AR, Berger JT, Newth CJ,
Carcillo JA, McQuillen PS, Harrison RE, Moler FW, Pollack MM, Carpenter TC,
Notterman DA, Holubkov R, Dean JM, Nadkarni VM, Sutton RM; Eunice
Kennedy Shriver National Institute of Child Health and Human Development
Collaborative Pediatric Critical Care Research Network (CPCCRN) Pediatric
Intensive Care Quality of Cardio-Pulmonary Resuscitation (PICqQCPR)
investigators. End-tidal carbon dioxide during pediatric in-hospital
cardiopulmonary resuscitation. Resuscitation. 2018;133:173-179. doi:
10.1016/j.resuscitation.2018.08.013

9. ChengA, Brown LL, Duff JP, Davidson J, Overly F, Tofil NM, Peterson DT, White
ML, Bhanji F, Bank I, et al; on behalf of the International Network for
Simulation-Based Pediatric Innovation, Research, & Education (INSPIRE) CPR
Investigators. Improving cardiopulmonary resuscitation with a CPR feedback
device and refresher simulations (CPR CARES Study): a randomized clinical trial.
JAMA Pediatr. 2015;169:137-144. doi: 10.1001/jamapediatrics.2014.2616

10. Sutton RM, Niles D, French B, Maltese MR, Leffelman J, Eilevstjonn J, Wolfe H,
Nishisaki A, Meaney PA, Berg RA, et al. First quantitative analysis of
cardiopulmonary resuscitation quality during in-hospital cardiac arrests of
young  children.  Resuscitation. 2014;85:70-74.  doi: 10.1016/j.
resuscitation.2013.08.014

11. Steffen K, Thompson WR, Pustavoitau A, Su E. Return of Viable Cardiac
Function After Sonographic Cardiac Standstill in Pediatric Cardiac Arrest.
Pediatr Emerg Care. 2017;33:58-59. doi: 10.1097/PEC.0000000000001002

12. Morgan RW, Stinson HR, Wolfe H, Lindell RB, Topjian AA, Nadkarni VM, Sutton
RM, Berg RA, Kilbaugh TJ. Pediatric In-Hospital Cardiac Arrest Secondary to
Acute Pulmonary Embolism. Crit Care Med. 2018;46:€229— e234. doi:
10.1097/CCM.0000000000002921

13. PershadJ, Myers S, Plouman C, Rosson C, Elam K, Wan J, Chin T. Bedside limited
echocardiography by the emergency physician is accurate during evaluation of
the critically ill patient. Pediatrics. 2004;114:e667—e671. doi:
10.1542/peds.2004-0881

EXTRACORPOREAL CARDIOPULMONARY
RESUSCITATION

Extracorporeal cardiopulmonary resuscitation (ECPR) is
defined as the rapid deployment of venoarterial
extracorporeal membrane oxygenation (ECMO) for
patients who do not achieve sustained ROSC. It is a
resource-intense, complex, multidisciplinary therapy that
traditionally has been limited to large pediatric medical
centers with providers who have expertise in the
management of children with cardiac disease. Judicious
use of ECPR for specific patient populations and within
dedicated and highly practiced environments has proved
successful, especially for IHCA with reversible causes.!
ECPR use rates have increased, 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.2

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

Recommendation for the Use of Extracorporeal Cardiopulmonary

Resuscitation

COR LOE Recommendation

1. ECPR may be considered for pediatric patients
with cardiac diagnoses who have IHCA in
settings with existing ECMO protocols,
expertise, and equipment.>®

2b C-LD

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 CPR.5 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 IHCA 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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POST—CARDIAC ARREST CARE TREATMENT
AND MONITORING

Successful resuscitation from cardiac arrest results in a
post—cardiac arrest syndrome that can evolve in the days
after ROSC. The components of post—cardiac arrest
syndrome are (1) brain injury, (2) myocardial dysfunction,
(3) systemic ischemia and reperfusion response, and (4)
persistent precipitating pathophysiology.2 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 physiology to
improve survival and neurological outcomes.

Targeted temperature management (TTM) refers to
continuous maintenance of patient temperature within a
narrowly prescribed range while continuously monitoring
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.2

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.

Post—Cardiac Arrest Targeted Temperature
Management

COR LOE Recommendations

1. Continuous measurement of core temperature
during TTM is recommended.>*

2. Forinfants and children between 24 h and 18 yr
of age who remain comatose after OHCA or
2a IHCA, it is reasonable to use 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 coma
following ROSC found no difference in 1-year
survival with a favorable neurological outcome.34
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
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Association Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care.”>

Post—Cardiac Arrest Blood Pressure

Management
Recommendations for Post—Cardiac Arrest Blood Pressure
Management
COR LOE Recommendations
1. After ROSC, we recommend that parenteral
fluids and/or vasoactive drugs be used to
1 CLD maintain a systolic blood pressure greater
than the fifth percentile for age.®®
2. When appropriate resources are available,
continuous arterial pressure monitoring is
1 C-EO 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 6 to 12 hours following
cardiac arrest is associated with decreased survival
to discharge.5” Another observational study found
that patients who had longer periods of hypotension
within the first 72 hours of ICU post—cardiac arrest
care had decreased survival to discharge.® In an
observational study of patients with arterial
monitoring during and immediately after cardiac
arrest, diastolic hypertension (above 90th
percentile) in the first 20 minutes after ROSC was
associated with an increased likelihood of survival to
discharge.® Because blood pressure is often labile in
the post—cardiac arrest period, continuous arterial

pressure monitoring is recommended.

Post—Cardiac Arrest Oxygenation and
Ventilation Management

Recommendations for Post—Cardiac Arrest Oxygenation and Ventilation
Management

COR LOE Recommendations

1. It may be reasonable for rescuers to target
normoxemia after ROSC that is appropriate to

2b C-Lb the specific patient’s underlying condition.***

2. It may be reasonable for rescuers to wean
oxygen to target an oxyhemoglobin saturation
between 94% and 99%.1%>**

2b C-LD

3. It may be reasonable for practitioners to target
a partial pressure of carbon dioxide
(Paco,) after ROSC that is appropriate to the
specific patient’s underlying condition, and
limit exposure to severe hypercapnia or
hypocapnia.ioi1,14

2b C-LD

Recommendation-Specific Supportive Text
1 and 2. Because an arterial oxyhemoglobin saturation
of 100% may correspond to a Pao, between 80 and
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approximately 500 mm Hg, itis reasonable to target
an oxyhemoglobin saturation between 94% and
99%. Three small observational studies
of pediatric IHCA and OHCA did not show an
association between hyperoxemia and
outcome.101113 |n 3 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.12

3. One observational study demonstrated that both
hypercapnia and hypocapnia after ROSC were
associated with increased mortality.!? One small
observational study demonstrated no association
between hypercapnia (Paco, greater than 50 mm
Hg) or hypocapnia (Paco, less than 30 mm Hg) and
outcome.l® 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.

Post—Cardiac Arrest EEG Monitoring and
Seizure Treatment

COR LOE Recommendations

1. When resources are available, continuous

electroencephalography (EEG) monitoring is
1 C-LD recommended for the detection of seizures
following cardiac arrest in patients with
persistent encephalopathy. 8

2. Itis recommended to treat clinical seizures

1 C-LD following cardiac arrest.'>?
3. Itis reasonable to treat nonconvulsive status
2a C-EO epilepticus following cardiac arrest in

consultation with experts.*>%°

Recommendation-Specific Supportive Text
1. Nonconvulsive seizures and nonconvulsive status
epilepticus are common after pediatric cardiac
arrest.1>18 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.1s
2 and 3. There is insufficient evidence to determine
whether treatment of convulsive or nonconvulsive
seizures improves neurological and/or 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.?
Figure 8 shows the checklist for post—cardiac arrest care.
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Components of Post-Cardiac Arrest Care Check

Oxygenation and ventilation
Messure axygenation and target normoxemia 949%-99% for child's normaliasppeopriate axygen saturation).

Maasure and target Paco, appropriate to the patient’s underlying condition
and Emit exposure to severe hypercapnia or hypocapnia,

Hemodynamic monitoring
Set specific hamodynamic goals during post-cardiac arrest care and review dasty.
Monitor with cardiac tolemetry.
Monitor arterial OO pressure.
Moritoe serum Bsctate, urine output, and central venous axygen saturation to help guide therapies.

Usa parenteral fluid bolus with of without inoIropes Of VasoNressors to maintain &
systolic blood pressure greater than the fifth percentile for age and sex.

Targeted temperature management (TTM)
Maasure and CONtINUOUSlY MONitor Core temparature,
Prevent and treat faver immediately after arrest and during rewanming,
If patient is comatose apply TTM (32'C-34°C) followed by [36'C-37.5°C) or only TTM (38'C-37.5'C).
Present shivering
Manitor blood pressure and treat hypotansion during réwarmng.
Nouromonitoring
If patient has encephalopatity and resources are avalable. MOnItor with continuous electroencephalogram.
Traat seixures.
Consider early brain imaging to Gagnose treatable causes of cardiac anmest, 0
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Figure 8. Post—cardiac arrest care checklist.
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PROGNOSTICATION FOLLOWING CARDIAC
ARREST

Early and reliable prognostication of neurological
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, neurological 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. EEG, neuroimaging, and serum biomarkers when
used alone predict outcome with only moderate accuracy,
and more data are needed before applying these to
individual patients.

COR LOE Recommendations

1. EEG in the first week post cardiac arrest can be
2a useful as 1 factor for prognostication,
augmented by other information.*®

2. Itis reasonable for providers to consider
multiple factors when predicting outcomes in
2a infants and children who survive cardiac

arrests.yzs-21

3. Itis reasonable for providers to consider
multiple factors when predicting outcomes in
2a infants and children who survive cardiac arrests
after nonfatal drowning (ie, survival to hospital
admission).?

Recommendation-Specific Supportive Text
1. Eight retrospective observational studies
demonstrate that EEG background patterns are
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associated with neurological outcomes at
discharge.8 The presence of sleep spindles,348
normal background,? and reactivity’2 is associated
with favorable outcomes. Burst suppression and flat
or attenuated EEG patterns are associated with
unfavorable neurological outcome.l258 However,
these associations do not reach the high degrees of
sensitivity and specificity needed to use EEG as a
stand-alone modality for neuroprognostication.

2. Several studies demonstrate the association of
clinical history, patient characteristics, physical
examination, imaging, and biomarker data with
neurological outcome following cardiac arrest.27.9-19
To date, 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;s11,12,16-182021  however, specific cutoff
values are unknown.

3. Shorter submersion times are associated with
better outcomes after pediatric nonfatal
drowning.2225 There is no clear association between
patient  age,2s26-313swater  type,sos23z  water
temperature, 3253435 emergency medical services
response times336 or witnessed status,363° and
neurological outcome following nonfatal drowning.
No single factor accurately predicts prognosis after
nonfatal drowning.
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Figure 9. Road map to recovery.’

POST-CARDIAC ARREST RECOVERY

Survivors are at significant risk for both short-term and
long-term physical, neurological, cognitive, emotional,
and social morbidity.> Many children who survive a
cardiac arrest with a grossly “favorable outcome” have
more subtle and sustained neuropsychological
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 introduced as the sixth link in the
Chain of Survival to acknowledge that survivors of cardiac
arrest may require ongoing integrated medical,
rehabilitative, caregiver, and community support in the

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/ClI

months to years after their cardiac arrest (see Figure 9).3
Recent scientific statements from the AHA and ILCOR
highlight the importance of studying long-term
neurological and health-related quality-of-life
outcomes.>®

Recommendations for Post—Cardiac Arrest Recovery

COR LOE Recommendations

1. Itis recommended that pediatric cardiac arrest
survivors be evaluated for rehabilitation
services.s,-11

1 C-LD

2. ltis reasonable to refer pediatric cardiac arrest
survivors for ongoing neurological evaluation
for at least the first year after cardiac
arrest.ss10-15

2a C-LD

Recommendation-Specific Supportive Text
1. Two randomized controlled trials of TTM for
comatose children after IHCA or OHCA with a
primary outcome of neurobehavioral outcome at 1
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year”® showed that new morbidity is common.%-11
Many children who survived to 1 year with a
favorable neurobehavioral outcome on Vineland
Adaptive Behavior Scales-ll (VABS-II) had global
cognitive impairment or selective
neuropsychological deficits.#

2. Two randomized controlled trials of TTM for

pediatric cardiac arrest demonstrated that
neurological function improves for some survivors
during the first year after cardiac arrest.1%11 Several
case series of longer-term outcomes (more than 1
year after cardiac arrest) demonstrate ongoing
cognitive, physical, and neuropsychological
impairments.12-14 Recent statements from the AHA
highlight the importance of follow-up after
discharge, because patient recovery continues
during the first year after cardiac arrest.35615 |t is
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 years, 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. Older data
suggest a lower incidence of anxiety and depression and
more constructive grief behaviors among parents who

were present when their child died.?

Recommendations for Family Presence During Resuscitation

Recommendations

1. Whenever possible, provide family members
with the option of 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, answer
questions, and support the family.***2

3. If the presence of family members is considered
detrimental to the resuscitation, family
members should be asked in a respectful
manner to leave.**

Recommendation-Specific Supportive Text

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901

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
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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

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901 October 20, 2020 S505
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keep physical contact with their child.3* However,
not all parents who were present for their child’s
resuscitation would choose to do so again.5> Some
concerns have been raised about family presence
during resuscitation, such as trauma for the family,
interference with procedures, impact on technical
performance, and concern for teaching and clinical
decision-making, but these have not been
supported by the available evidence.5-8 Experienced
providers are more likely than trainees to support
family presence.o10

2. The presence of a facilitator to support the family is
helpful.1112 |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.’3 Providers with
significant experience with family presence
acknowledge occasional negative experiences.

REFERENCES

1. Robinson SM, Mackenzie-Ross S, Campbell Hewson GL, Egleston CV, Prevost AT.
Psychological effect of witnessed resuscitation on bereaved relatives. Lancet.
1998;352:614-617. doi: 10.1016/s0140- 6736(97)12179-1

2. Tinsley C, Hill JB, Shah J, Zimmerman G, Wilson M, Freier K, Abd-Allah S.
Experience of families during cardiopulmonary resuscitation in a pediatric
intensive care unit. Pediatrics. 2008;122:€799-e804. doi:

10.1542/peds.2007-3650

3. Maxton FJ. Parental presence during resuscitation in the PICU: the parents’
experience. Sharing and surviving the resuscitation: a phenomenological study.
J Clin Nurs. 2008;17:3168-3176. doi: 10.1111/j.1365-

2702.2008.02525.x
4. Stewart SA. Parents’ Experience During a Child’s Resuscitation: Getting
Through It. J Pediatr Nurs. 2019;47:58-67. doi: 10.1016/j.pedn. 2019.04.019
5. Curley MA, Meyer EC, Scoppettuolo LA, McGann EA, Trainor BP, Rachwal CM,
Hickey PA. Parent presence during invasive procedures and resuscitation:
evaluating a clinical practice change. Am J Respir Crit Care Med.
2012;186:1133-1139. doi: 10.1164/rccm.201205-09150C
6. McClenathan BM, Torrington KG, Uyehara CF. Family member presence during
cardiopulmonary resuscitation: a survey of US and international critical care
professionals. Chest. 2002;122:2204-2211. doi:
10.1378/chest.122.6.2204

7. Vavarouta A, Xanthos T, Papadimitriou L, Kouskouni E, lacovidou N. Family
presence during resuscitation and invasive procedures: physicians’ and nurses’
attitudes working in pediatric departments in Greece. Resuscitation.
2011;82:713-716. doi: 10.1016/j.resuscitation.2011.02.011
8. PasekTA, Licata J. Parent Advocacy Group for Events of Resuscitation. Crit Care
Nurse. 2016;36:58-64. doi: 10.4037/ccn2016759

9. Fein JA, Ganesh J, Alpern ER. Medical staff attitudes toward family presence
during pediatric procedures. Pediatr Emerg Care. 2004;20:224-227. doi:
10.1097/01.pec.0000121241.99242.3b

10. Bradford KK, Kost S, Selbst SM, Renwick AE, Pratt A. Family member presence

for procedures: the resident’s perspective. Ambul Pediatr. 2005;5:294-297.
doi: 10.1367/A04-024R1.1

11. Jarvis AS. Parental presence during resuscitation: attitudes of staff on a

paediatric intensive care unit. Intensive Crit Care Nurs. 1998;14:3-7. doi:
10.1016/s0964-3397(98)80029-3

12. Zavotsky KE, McCoy J, Bell G, Haussman K, Joiner J, Marcoux KK, Magarelli K,

Mahoney K, Maldonado L, Mastro KA, Milloria A, Tamburri LM, Tortajada D.

S506 October 20, 2020

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

Resuscitation team perceptions of family presence during CPR. Adv Emerg
Nurs J. 2014;36:325-334. doi: 10.1097/TME.0000000000000027

13. Kuzin JK, Yborra JG, Taylor MD, Chang AC, Altman CA, Whitney GM, Mott AR.
Family-member presence during interventions in the intensive care unit:
perceptions of pediatric cardiac intensive care providers. Pediatrics.
2007;120:e895-e901. doi: 10.1542/peds.2006-2943

14. Fulbrook P, Latour JM, Albarran JW. Paediatric critical care nurses’ attitudes
and experiences of parental presence during cardiopulmonary resuscitation: a
European survey. IntJ Nurs Stud. 2007;44:1238-1249. doi:
10.1016/j.ijnurstu.2006.05.006

EVALUATION OF SUDDEN UNEXPLAINED
CARDIAC ARREST

Hypertrophic cardiomyopathy, coronary artery
anomalies, and arrhythmias are common causes of
sudden unexplained cardiac arrest in infants and children.
Up to one third of young patients who do not survive
sudden unexplained cardiac arrest have no abnormalities
found on gross and microscopic autopsy.* Postmortem
genetic evaluation (“molecular autopsy”) is increasingly
used to inform etiology of sudden unexplained cardiac
arrest.’ In addition to providing an explanation for the
arrest, genetic diagnosis can identify inheritable cardiac
disease, such as channelopathy and cardiomyopathy,
enabling screening and preventive measures for relatives.

Recommendations for the Evaluation of Sudden Unexplained Cardiac Arrest

COR LOE Recommendations

1. Allinfants, 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
biological material for genetic analysis to
determine the presence of inherited cardiac
disease.®

2. Refer families of patients who do not have a
cause of death found on autopsy to a

1 C-EO healthcare provider or center with expertise in

inherited cardiac disease and cardiac genetic

counseling.e-12,17,18 2025

3. F orinfants, children and adolescents who
survive sudden unexplained cardiac arrest,
obtain a complete past medical and family
history (including a history of syncopal episodes,
seizures, unexplained accidents or drowning, or
sudden unexpected death before 50 yr of age),
review previous electrocardiograms, and refer
to a cardiologist.16,17,19-21

Recommendation-Specific Supportive Text

1. In 7 cohort studies, mutations causing
channelopathies were identified in 2% to 10% of
infants with sudden infant death syndrome.612
Among children and adolescents with sudden
unexplained cardiac arrest and a normal autopsy, 9
cohort studies report identification of genetic
mutations associated with channelopathy or
cardiomyopathy.13-2
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2. In7 cohort studies!?.1820.22-25 gnd 1 population-based
study?! of screening using clinical and laboratory
(electrocardiographic, molecular genetic screening)
investigations, 14% to 53% of first- and
seconddegree 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.6-12

3. Several cohort studies report the utility of obtaining
a complete past medical 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.20
Three 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.16.17.19.21
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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 most
common type of pediatric shock is hypovolemic, including
shock due to hemorrhage. Distributive, cardiogenic, and
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obstructive shock occur less frequently. Often, 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 a decompensated (hypotensive) state.
Compensatory 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 vyears, concurrent with implementation of
guidelines emphasizing the role of early antibiotic and
fluid administration.t Controversies in the management of
septic shock 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 malaria,
sickle cell anemia, 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.

Fluid Resuscitation in Shock

COR LOE Recommendations
1. Providers should reassess the patient after every
1 C-LD fluid bolus to assess for fluid responsiveness and
for signs of volume overload.>*

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

3. Either balanced or unbalanced solutions can
2a be effective as the fluid choice for
resuscitation.”

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

2a C-LD

Recommendation-Specific Supportive Text
1. Although fluids remain the mainstay initial therapy
for infants and children in shock, especially in
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hypovolemic and septic shock, fluid overload can
lead to increased morbidity.3 In 2 randomized trials
of patients with septic shock, those who received
higher fluid volumes* or faster fluid resuscitations
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-Saharan
Africa.® There was no clear benefit to crystalloid or
colloid 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% saline) crystalloid
solutions as the initial resuscitation fluid and
showed no difference in relevant clinical outcomes.”
A matched retrospective cohort study of pediatric
patients with septic shock showed no difference in
outcomes,® though a propensity-matched database
study showed an association with increased 72-
hour mortality and vasoactive infusion days with
unbalanced crystalloid fluid resuscitation.®

4. In asmall, randomized controlled study, there were
no 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.*

Resuscitating a Patient in Septic Shock

Recommendations for Resuscitating a Patient in Septic Shock

COR LOE Recommendations

1. Ininfants and children with fluid-refractory
septic shock, it is reasonable to use either
epinephrine or norepinephrine as an initial
vasoactive infusion.>%

2a C-LD

2. Forinfants and children with cardiac arrest and
sepsis, it is reasonable to apply the standard
pediatric advanced life support algorithm
compared with any unique approach for sepsis-
associated cardiac arrest.”

2a C-EO

3. For infants and children with septic shock
unresponsive to fluids and requiring vasoactive
support, it may be reasonable to consider
stress-dose corticosteroids.**¢*

2b

4. Ininfants and children with fluidrefractory
septic shock, if epinephrine or
norepinephrine are unavailable, dopamine
may be considered.!**

2b C-LD

Recommendation-Specific Supportive Text
1. Two randomized controlled trials comparing
escalating doses of dopamine or epinephrine

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901
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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 a
reasonable initial vasopressor therapy in septic
shock patients.212-14 Recent international sepsis
guidelines recommend the choice of the
medications to be guided by patient physiology and
clinician preferences.?

2. No studies support deviations from standard
lifesupport algorithms to improve outcomes in
patients with sepsis-associated cardiac arrest.
Sepsisassociated cardiac arrest is associated with
worse outcomes than other causes of cardiac
arrest.’

3. A meta-analysis?® showed no change in survival with
corticosteroid use in pediatric septic shock, though
a more recent randomized controlled trial
suggested a shorter time to reversal of shock with
steroid use.” Two observational studiesi81®
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
purpura fulminans) are more likely to benefit from
steroid therapy.12

4. In situations when epinephrine or norepinephrine
are not available, dopamine is a reasonable
alternative initial vasoactive infusion in patients
with fluidrefractory septic shock.1011 Patients with
vasodilatory shock may require a higher dose of
dopamine.2

Resuscitating the Patient in Cardiogenic

Shock
Reco endatio or Re a g e Patie ardioge o
COR LOE Recommendations
1. Forinfants and children with cardiogenic shock,
1 C-EO early expert consultation is recommended.
2. Forinfants and children with cardiogenic shock,
it may be reasonable to use epinephrine,
2b C-EO dopamine, dobutamine, or milrinone as an
inotropic infusion.

Recommendation-Specific Supportive Text

1 and 2. Cardiogenic shock in infants and children is
uncommon and associated with high mortality rates.

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901
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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.

Resuscitating the Patient in Traumatic

Hemorrhagic Shock

Recommendation for Resuscitating the Patient in Traumatic Hemorrhagic
Shock

Recommendation

1. Among infants and children with hypotensive
hemorrhagic shock following trauma, it is

C-EO reasonable to administer blood 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 6 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?:-2528 Four studies reported no
differences in survival to 24 hours, survival at 30
days with good neurological outcome, or survival to
discharge.21.242528 | arge-volume resuscitation was
associated with increased hospital/ICU length of
stay in 5 of the 6 studies.?2-2528 One study reported
lower survival to hospital discharge among children
who received more than 60 ml/kg crystalloid
compared to lower volume groups.22 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 traumarelated hemorrhagic shock.2?
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TREATMENT OF RESPIRATORY FAILURE

Respiratory failure occurs when a patient’s breathing
becomes inadequate 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. Providing assisted
ventilation when breathing is absent or inadequate,
relieving foreign body airway obstruction (FBAO), and
administering naloxone in opioid overdose can be
lifesaving.

Suffocation (eg, FBAO) and poisoning are leading
causes of death in infants and children. Balloons, foods
(eg, hot dogs, nuts, grapes), and small household objects
are the most common causes of FBAO in children,-3
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whereas liquids are common among infants.® It is
important to differentiate between mild FBAO (the
patient is coughing and making sounds) and severe FBAO
(the patient cannot make sounds). Patients with mild
FBAO can attempt to clear the obstruction by coughing,
but intervention is required in severe obstruction.

In the United States in 2017, opioid overdose caused
79 deaths in children less than 15 years old and 4094
deaths in people age 15 to 24 years.> Naloxone reverses
the respiratory 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.

Treatment of Inadequate Breathing With a
Pulse

COR LOE Recommendations

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

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

2a C-EO

Recommendation-Specific Supportive Text

1 and 2. There are no 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.

Foreign Body Airway Obstruction

eco endations for Foreign Body Airway Ob 0

COR LOE Recommendations

1. If the child has mild FBAO, allow the victim to
clear the airway by coughing while observing for
signs of severe FBAQ.*%°

2. For a child with severe FBAO, perform abdominal
thrusts until the object is expelled or the victim
becomes unresponsive.*3°

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

1 C-LD

4. f the infant or child with severe FBAO becomes
unresponsive, start CPR beginning with chest
compressions (do not perform pulse check).
After 2 min of CPR, activate the emergency
response system if no one has done so."

1 C-LD

5. For the infant or child with FBAO receiving CPR,
remove any visible foreign body when opening
the airway to provide breaths.'*?*

1 C-LD

Recommendation-Specific Supportive Text
1 and 2. There are no high-quality data to support
recommendations regarding FBAO in children.
Many FBAOs are relieved by allowing the patient to
cough or, if severe, are treated by bystanders using
abdominal thrusts.*82

6. Do not perform blind finger sweeps.**™*°

3. Observational data primarily from case series
support the use of back blows4%1 or chest
compressionso1! for infants. Abdominal thrusts are
not recommended for infants given the potential to
cause abdominal organ injury.2

4. Once the victim is unconscious, observational data
support immediate provision of chest compressions
whether or not the patient has a pulse.1

5 and 6. Observational data suggest that the risk of
blind finger sweeps outweighs any potential benefit
in the management of FBAQ.13-15

Opioid-Related Respiratory and Cardiac
Arrest

Recommendations for Opioid-Related Respiratory and Cardiac Arrest

COR LOE 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
continue if return of spontaneous breathing
does not occur.'”®

1 C-LD

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 highquality CPR
(compressions plus ventilation).**?

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.??

1 C-EO
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4. For a patient with suspected opioid overdose
who has a definite pulse but no normal
breathing or only gasping (ie, a respiratory
arrest), in addition to providing standard
pediatric basic life support or advanced life
support, it is reasonable for responders to
administer intramuscular or intranasal
naloxone.2s-3

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.!”18 Provision of life support should
continue if return of spontaneous breathing does
not occur.

2. Because there are no studies demonstrating
improvement in  patient outcomes from
administration of naloxone during cardiac arrest,
provision of
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CPR should be the focus of initial care Naloxone can

Opioid-Associated Emergency for Lay Responders Algorithm

(1)
Suspected oploid poisoning
» Check for responsiveness.,
» Shout for nearby help,
* Activate the emergency réesponse system.
* Get naloxone and an AED if avallable.

Yes Nt Isthe . No

" 3 ‘.' ‘: s } ~
h Prevent deterioration e - Start CPR* i
* Tap and shout. * Give naloxone.
* Reposition, * Usean AED.
« Consider naloxone. * Resume CPR until EMS arrives.
* Continue to observe until \ y
EMS arrives.

(4)
B Ongoing assessment of
responsiveness and breathing
Goto 1.

*For adult and adolescent victims, responders should perform compressions and rescue breaths for
opioid-associated emergencies if they are trained and perform Hands-Only CPR if not trained to perform
rescue breaths, For infants and children, CPR should include compressions with rescue breaths.,

© 2020 American Meart Assoclation

Figure 10. Opioid-Associated Emergency for Lay Responders Algorithm.
AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; and EMS, emergency medical services.

20 administration (2 RCT 2>?* and 3 non-RCT2>%?7) and 9
assessed the safety of naloxone use or were obser -
vational studies of naloxone use. %3¢ These studies
report that naloxone is safe and effective in treat -
ment 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 recommen
dations; however, due to the urgency of the opioid
crisis, the adult recommendations should be applied
to children.
Figures 10 and 11 are algorithms for opioid-associated
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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.2222 Naloxone is ineffective in other medical conditions,
including overdose involving nonopioids and cardiac arrest from any cause.
Patients who respond to naloxone administration may develop recurrent central
nervous system and/

or respiratory depression and require longer
periods of observation before safe
discharge.37-40

4. Twelve studies
examined the
use of naloxone
in respiratory
arrest, of which 5
compared
intramuscular,
intravenous,
and/or
intranasal routes
of naloxone
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Opioid-Associated Emergency for Healthcare Providers Algorithm
N
- Suspected oploid poisoning
¢ Check for responsivenass.
» Shout for nearby halp,
* Activate the emergency responsa system.
* Get naloxone and an AED if available.
L 2 ) e,
Yes e} isthe : _ No
. personbreathing
normaky?
" Prevent deterioration .8)
- L] m \
> Tap and shout. - 'porsonor?emom? \ No
« Open the airway and reposition. " (Assessfor 510
b WF naloxone. moﬁd”
* Transport to the hospital.
-4-‘,.' C ) ; ),
7 Ongoing assessment of Support ventilation Start CPR !
responsiveness and breathing « Open the airway and o Use an AED. ‘
Goto 1. reposition. * Consider naloxone,
* Provide rescue breathing or * Refer to the BLS/Cardiac
8 bag-mask device. Arrast algorithm. |
* Give naloxone, b8 ,»
© 2020 American Heart Associaton

Figure 11. Opioid-Associated Emergency for Healthcare Providers Algorithm.

AED indicates automated external defibrillator; BLS, basic life support; and CPR,
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INTUBATION

It is important 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 a 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
adequate resuscitation before intubation.

Cricoid pressure during bag-mask ventilation and intubation
has historically been used to 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, ETCO, may not
be as reliable.
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Use of Cuffed Endotracheal Tubes for

Intubation
COR LOE Recommendations
1. When a cuffed ETT is used, attention should be
1 C-EO paid to ETT size, position, and cuff inflation

pressure (usually <20-25 cm H,0).2

2a

2. Itis reasonable to choose cuffed ETTs over
C-LD uncuffed ETTs for intubating infants and
children.**

Recommendation-Specific Supportive Text

1.

A retrospective study including 2953 children noted
that, with 25 cm H,0 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%.3

Three systematic reviews, 2 randomized controlled
trials, and 2 retrospective reviews support the
safety of cuffed ETTs and the decreased need for
ETT changes.*1° 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.”.5-13

Cuffed ETTs may decrease the risk of aspiration.415

The Use of Cricoid Pressure During

Intubation
eco endatio 0 e Useo oid Pre eD g batio
COR LOE Recommendations
1. Cricoid pressure during bag-mask ventilation may
2b C-LD be considered to reduce gastric insufflation. '’

2. Routine use of cricoid pressure is not
C-LD recommended during endotracheal intubation
of pediatric patients.*”

3. If cricoid pressure is used, discontinue if it
C-LD interferes with 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.

Atropine Use for Intubation

Recommendations for Atropine Use for Intubation

COR LOE Recommendations

1. It may be reasonable for practitioners to use
atropine as a premedication to prevent

2b C-LD bradycardia during emergency intubations

when there is higher risk of bradycardia (eg,

when giving succinylcholine).*®*

2. When atropine is used as a premedication for
emergency intubation, a dose of 0.02 mg/kg of
atropine, with no minimum dose, may be
considered.”

2b C-LD

Recommendation-Specific Supportive Text
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.1819

2. One nonrandomized, single-center intervention
study did not identify an association between
atropine dosing less than 0.1 mg and bradycardia or
arrhythmias.20

Monitoring Exhaled CO; in Patients With
Advanced Airways

Recommendations for Monitoring Exhaled CO, in Patients With Advanced

Airways

COR LOE Recommendations

1. In all settings, for infants and children with a
perfusing rhythm, use exhaled CO, detection
(colorimetric detector or capnography) for
confirmation of ETT placement.??’

1 C-LD

2. Ininfants and children with a perfusing rhythm,
it is beneficial to monitor exhaled CO,

2a C-LD (colorimetric detector or capnography) during

out-of-hospital and intra/interhospital

transport.21,22,28-30

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).222 One small randomized
study showed that capnography was faster than
clinical assessment in premature newborns
intubated in the delivery room.23 There was no
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difference in patient outcomes between qualitative
(colorimetric) and quantitative (capnography or
numeric display) ETCO, detectors.24-27

2. Adult literature suggests monitoring and correct
interpretation of capnography in intubated patients
may prevent adverse events.212228 This
has been demonstrated in simulated pediatric
scenarios, in which capnography increased provider
recognition of possible ETT dislodgement.29.30
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MANAGEMENT OF BRADYCARDIA

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 who receive CPR for
bradycardia before progressing to pulseless arrest.?
Correctable factors that contribute to bradycardia (ie,
hypoxia, hypotension, hypoglycemia, 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

1 C-LD (ie, not secondary to factors such as hypoxia),

give atropine.>*%”

2. If the heart rate is <60 beats/min with
1 C-LD cardiopulmonary compromise despite
effective ventilation with oxygen, start CPR.**®

3. If bradycardia persists after correction of other
factors (eg, hypoxia) or responds only

1 C-EO transiently, give epinephrine IV/10. If IV/I10

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 dysfunction

2b C-LD 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,
atrioventricular block, and intoxication. There is no
evidence that atropine should be used for
bradycardia due to other causes.

2. Tworetrospective analyses from the same database
showed children who received CPR for bradycardia
and poor perfusion had better outcomes than
children who suffered pulseless cardiac arrest and
received CPR.%10 The longer the time between the
initiation of CPR for bradycardia and the loss of a
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 who did not receive epinephrine.l!
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.1216 |n
patients with complete heart block or sinus node
dysfunction, especially when caused by congenital
or acquired heart disease, emergency
transcutaneous 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 bradycardia with a pulse.
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TACHYARRHYTHMIAS

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

The hemodynamic impact of SVT in the pediatric
patient can be variable, with cardiovascular compromise

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901
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Pediatric Bradycardia With a Pulse Algorithm

25 NOCEssary
* Cardiac monitor to identify rivythm:
mmnmm

Doses/Octalls

Epinephrine IVI0 dose:
0.07 mg/kg 101 mL/kg of the
0.1 mgimb concentration).
Repeat every 3-5 minutes.

If IVAO access not avaliable
but endotracheal (ET) tube
In place, may give ET dose:
Otmghng(o.‘l mL/kg of the

1 mgimi concentration).
Atropine IV/10 dose:

0,02 mp/kg. May repaat once,
Minimum dose 0.1 mg and
maximesm single dose 0.5 mg.

Possible Causos

* Hypothermia
* Hypousa
* Medications
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Bradycardia With a Pulse Algorithm.
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ABC indicates airway, breathing, and circulation; AV, atrioventricular; BP, blood pressure; CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; HR, heart rate; 10,
intraosseous; and IV, intravenous.

(ie, altered mental status, signs of shock, hypotension)
occurring in the minority of patients. In hemodynamically
stable patients, re-entrant SVT can often be terminated
with vagal maneuvers.12 Adenosine remains the preferred
medication to treat SVT in infants and children with a
palpable pulse who do not respond to vagal maneuvers.
For patients with hemodynamically stable widecomplex
tachycardia and those in whom SVT recurs after initial
successful treatment, expert consultation is important to
diagnose etiology and customize treatment.

consideration of alternative second-line agents
should be guided by expert consultation, given
potential 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, [B-blockers,
amiodarone, procainamide, and sotalol.>1317 Few
comparative studies exist.

0202 ‘7T 12quaoo uo Aq 31o'sjeurnoleye//:dyy woiy papeojumoq

Inhemodynamically unstable patients with SVT or 3. Vagal maneuvers are noninvasive, have few adverse
wide-complex tachycardia, synchronized cardioversion

should be considered.

Treatment of Supraventricular
Tachycardia With A Pulse

Recommendation-Specific Supportive Text

effects, and effectively terminate SVT in many
cases; exact success rates for each type of
maneuver (ie, ice water to face, postural
modification) are unknown.* Although improved
success rates have been reported with a postural
modification to the standard Valsalva maneuver in
adults,! published pediatric experience with this
technique is very limited. Upside-down positioning

COR LCE U C R may be an additional form of a vagal maneuver that
1. If IV/10 access is readily available, adenosine is is effective in children.2
1 C-LD - . . . . .
recommended for the treatment of SVT.>* Direct current synchronized cardioversion remains
2. For hemodynamically stable patients whose SVT the treatment of choice for patients with
. cto is unresponsive to vagal maneuvers and/or IV hemodynamically unstable SVT (ie, with
ade”“'”e'de";’e”°°”S“'“‘“°” is cardiovascular compromise characterized by
recommendea.s-is,17 .
altered mental status, signs of shock, or
3. Itis reasonable to attempt vagal stimulation hypotension) and those with SVT unresponsive to
first, unless the patient is hemodynamically tandard H th
2a C.LD o ) ) standard measures. However, these cases are
unstable or it will delay chemical or electric .
synchronized cardioversion.">* uncommon, and there are few data reporting
4 1 the oatient with SVT s hemod ol outcomes from cardioversion of SVT.5815 Consider
. e patient wi IS hemodynamically .. . . . .
unstable with evidence of cardiovascular administering sedation prior to synchronized
compromise (ie. altered mental status, signs of cardioversion if resources are available and
2a C-LD shock, hypotension) it is reasonable to perform definitive therapy is not delayed.
electric synchronized cardioversion starting with . . .
adose of 0.5 to 1J/kg. If unsuccessful, increase Procainamide and amiodarone are moderately
the dose to 2 J/kg.%#15 effective treatments for adenosine-resistant SVT.12
5. For a patient with unstable SVT unresponsive to There. may. be a small efﬂcacy advantage favorl.ng
vagal maneuvers, IV adenosine, electric procainamide; adverse effects are frequent with
" oD synchronized cardioversion and for whom both therapies. Intravenous sotalol was approved
: expert consultation is not available, it may be .. .
reasonable to consider either procainamide or by the US Food .and DrUg Administration f(?r the
amiodarone 2% treatment of SVT in 2009. Only 3 reports describe its

use in acute or subacute supraventricular
tachyarrhythmias, with a 60% to 100% termination

1. Intravenous adenosine remains generally effective . ;
L o . rate of SVT and atrial tachyarrhythmias.21314 |n the
for terminating re-entrant SVT within the first 2 . )
g . . . aforementioned  studies, IV  sotalol was
doses.3¢ Of 5 retrospective observational studies on T . o
. . administered under the guidance of pediatric
the management of tachyarrhythmias (4 single ) L . R
. . electrophysiologists in the critical care or pediatric
center, 1 multicenter), none directly compared . . . . .
. cardiology unit. Due to its potential proarrhythmic
adenosine to other drugs.s-917 or
properties, it is unknown whether |V sotalol can be
2. For patients with hemodynamically stable SVT that

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901

is refractory to vagal maneuvers or adenosine,

safely given in other settings. There is currently
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insufficient evidence in support for or against the
use of IV sotalol for refractory SVT.

Treatment of Wide-Complex Tachycardia
With a Pulse

COR LOE Recommendations

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

antiarrhythmic agents.*®

2. | f 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.

2a C-EO

Recommendation-Specific Supportive Text

1. The occurrence of wide-complex tachycardia (QRS
duration more than 0.09 s) with a pulse is rare in
children and may originate from either the ventricle
(ventricular tachycardia) or atria (SVT with aberrant
conduction).’8 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.%-
23

2. 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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TREATMENT OF MYOCARDITIS AND
CARDIOMYOPATHY

Fulminant myocarditis can result in decreased cardiac
output 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

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901
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present with nonspecific symptoms such as abdominal
pain, diarrhea, vomiting, or fatigue, myocarditis can be
confused with other, more common disease
presentations. Outcomes can be optimized by early
diagnosis and prompt intervention, including ICU
monitoring and therapy. Sudden onset of heart block and
multifocal ventricular ectopy in the patient with fulminant
myocarditis 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) or mechanical
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Pediatric Tachycardia With a Pulse Algorithm

L s ssenent s
* Maintain patent alrwary: assist breathing as necessary
* Administer oxygen WMM
* Cardiac monitor 10 identify rivythen monitor pulse, Begin with 0.5+1 Jikg:

blood pressure, and oximetry i not effective, iIncrease

* VN0 access | 10 2 Wkg. Sedate if

- * 12-Lead ECG If available 1) needed. but con't delay
- - 7 Cargioversion.

Drug Thecapy
oA |
tachycardia if / Evaluate rhythm N Adenosine IV/I0 dose

> Pusves with 12-lead ECG Qe rirdes e
o Variable RR interval or monitor, rapid bolus (maximunt
* Infant rate usually <220/min e -, PR
* Child rate usually <1 0.2 mg/g ropid bolus
second
0ose: 12 mg)
Search for i
L and treat cause. Yos
Narrow ¢ = Wide Narrow Wide
{20.09 soc) Evaluate (>0.09 soc) {50.09 sec) (»0.09 sec)
§
z Probable supraventricular Possible ventricular Probable supraventricular Possible ventricular
g tachycardia tachycardia tachycardia
3 * Pwaves absent/abnormal : * Pwaves e
= * RRinerval not variable * RRinterval not variable
S * infant rate usually 2220/min * Infant rate usually 2220/min
= * Chvid rate usuaily 2180/min « Child rate usually 2180/min
e * History of abrupt rate change Synchronized ~ * History of abrupt rate change ’ If rhythen is regular and
§ : T R—— cardioversion | — ,
£ Expert consultation | consderadenosine.
§ ) i . ' . . li l. m | . - PR AT o
: = WIVAOaccess is present, M.,:,w J \ Consider '
g give adencsine = — vagal maneuvers. 3y
T or ~ Expert consultation
< * VIO access is not ‘ |
g available, o i adenosine e recommanded. L.
g is ineffective, perform
¢ onized cardioversion " VN0 sccess
g_ e R Yo AN |./ b l”
o . adenosine.
» © 2020 American Heart Assocation 4
[\
(=]

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901




Topjian et al

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

Figure 13. Pediatric Tachycardia With a Pulse Algorithm.

CPR indicates cardiopulmonary resuscitation; ECG, electrocardiogram; |0, intraosseous; and IV, intravenous.

circulatory support (MCS), such as temporary or
implanted ventricular assist devices, is recommended.?3

Noninfectious causes of cardiomyopathy in children
include dilated cardiomyopathy, hypertrophic
cardiomyopathy, restrictive cardiomyopathy, and
miscellaneous (rare) forms of cardiomyopathy that
include arrhythmogenic right ventricular dysplasia and
mitochondrial and left ventricular noncompaction
cardiomyopathies. Cardiomyopathy patients who present
in acute decompensated heart failure refractory to
mechanical ventilation and vasoactive administration
have undergone preemptive MCS in the form of ECMO,
short-term percutaneous ventricular assist device, or
long-term implantable ventricular assist device prior to or
during cardiac arrest.12

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

1. Lorts A, Eghtesady P, Mehegan M, Adachi |, Villa C, Davies R, Gossett JG, Kanter
K, Alejos J, Koehl D, Cantor RS, Morales DLS. Outcomes of children supported
with devices labeled as “temporary” or short term: A report from the Pediatric
Interagency Registry for Mechanical Circulatory Support. J Heart Lung
Transplant. 2018;37:54—60. doi: 10.1016/j.healun.2017.10.023

2. Yarlagadda VVV, Maeda K, Zhang Y, Chen S, Dykes JC, Gowen MA,

Shuttleworth P, Murray JM, Shin AY, Reinhartz O, Rosenthal DN, McElhinney

DB, Almond CS. Temporary Circulatory Supportin U.S. Children Awaiting Heart

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901

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.234

Recommendations for Treatment of Myocarditis and Cardiomyopathy

COR LOE Recommendations
1. G iven the high risk of cardiac arrest in children
with acute myocarditis who demonstrate
arrhythmias, heart block, ST-segment changes,
1 C-LD

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

2a of ECLS or MCS can be beneficial to provide end-
organ support and prevent cardiac arrest.>*°

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

2a

Transplantation. J Am Coll Cardiol. 2017;70:2250-2260. doi: 10.1016/j.jacc.
2017.08.072

3 | Rajagopal SK, Almond CS, Laussen PC, Rycus PT, Wypij D, Thiagarajan RR.
Extracorporeal membrane oxygenation for the support of infants, children,
and young adults with acute myocarditis: a review of the Extracorporeal Life
Support Organization registry. Crit Care Med. 2010;38:382—
4. doi: 10.1097/CCM.0b013e3181bc8293
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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.»*2 In 1 study, 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.
In 1 study, 13 (46%) of 28 children requiring MCS
survived without transplant.34 One study noted that
outcomes for ECPR patients cannulated with a
diagnosis of myocarditis are superior to other arrest
and illness categories leading to ECPR (ie, patients
without congenital heart disease), noting
myocarditis as a precannulation factor associated
with improved survival.5 In the pre—cardiac arrest
cardiomyopathy 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 benefit over
ECMO.45

3. In 1 study, 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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RESUSCITATION OF THE PATIENT WITH A
SINGLE VENTRICLE

The complexity and variability in pediatric congenital heart
disease pose unique 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 neonatal 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, a 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 to
the pulmonary circulation, thereby making the single
(systemic) ventricle preload dependent on passive flow
across the pulmonary vascular bed (Figure 16).

Neonates and infants with single-ventricle physiology
have an increased risk of cardiac arrest as a result of (1)
increased myocardial work as a consequence 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, or
ECLS.

Preoperative and Postoperative Stage |
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 beneficial to trend
and direct management in the critically ill
neonate after stage | Norwood palliation or
shunt placement.?

2a

2. | n the patient with an appropriately restrictive
shunt, manipulation of pulmonary vascular
resistance may have little effect, whereas
lowering systemic vascular resistance with the

2a C-LD use of systemic vasodilators (a-adrenergic

antagonists and/or phosphodiesterase type IlI

inhibitors), with or without the use of oxygen,

can be useful to increase systemic oxygen
delivery (DO,).**

Aortic Arch Reconstruction

Blalock-Taussig

Shunt \
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3. For neonates prior to stage | repair with 5. In the situation of known or suspected shunt
pulmonary overcirculation and symptomatic low obstruction, it is reasonable to administer
systemic cardiac output and delivery of oxygen oxygen, vasoactive agents to increase shunt
(DO,), it is reasonable to target a Paco, of 50-60 2a C-EO perfusion pressure, and heparin (50-100 U/kg

2a c-LD mm Hg. This can be achieved during mechanical bolus) while preparing for catheter-based or
ventilation by reducing minute ventilation or by surgical intervention.?
administering analgesia/ sedation with or
without neuromuscular blockade.®’ Figure 14. Stage | palliation for single
ventricle with a Norwood repair and either
4. ECLS after Stage | Norwood palliation can be a Blalock-Taussig Shunt from the right
2a C-LD : ) . .
useful to treat low systemic DO,.*” subclavian artery to the right pulmonary

artery or a Sano shunt from the right ven- tricle to pulmonary artery.

and the need for ECPR in the postoperative period for
shunt-dependent single-ventricle patients.45

3. 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 also increase the pulmonary vascular resistance but can
be associated with unwanted atelectasis or respiratory
acidosis.5”

4, 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 neonates
requiring ECPR survived, and, in 1 study, the odds of survival
improved in cardiac arrest patients managed with ECPR.8°

5. Treatment of acute shunt obstruction can include
administration of oxygen, vasoactive agents (eg,

Figure 15. Stage Il palliation for single ventricle with a bidirectional phenylephrine, norepinephrine, epinephrine) to

Glenn shunt connecting the superior vena cava to the right pulmo- maximize shunt perfusion pressure, anticoagula nary
artery.
tion with heparin (50-100 U/kg bolus), shunt inter
vention by catheterization or surgery, and ECLS.2
Recommendation-Specific Supportive Text

Recommendations for the Treatment of Postoperative Stage Il (Bidirectional

Glenn/Hemi-Fontan) and Ill (Fontan) Palliation

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
respiratory acidosis and a minimum mean
airway pressure without atelectasis can be
useful to increase cerebral and systemic arterial
oxygenation.®
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1. In the early postoperative period, noninvasively
regional cerebral and somatic satura- Postoperative Stage Il
(Bidirectional Glenn/ tions, via near infrared spectroscopy, can
predict Hemi-Fontan) and Il (Fontan) Palliation outcomes of

measured

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

2. ECLS in patients with superior cavopulmonary
anastomosis or Fontan circulation may be
considered to treat low DO, from reversible
causes or as a bridge to a ventricular assist
device or surgical revision.™

early mortality and ECLS use following stage | Norwood palliation. There are retrospective data that postoperative near
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to the right

Fontan

Extracardac —_
Fomtan

Heart Association.”12 nary artery.
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Recommendation-Specific Supportive Text
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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
hypertension is idiopathic or associated with chronic 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.2 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
pulmonary 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 rightto-left
shunt that permits left ventricle preload to be maintained
without pulmonary blood flow.2 These crises are life
threatening and may lead to systemic hypotension,
myocardial ischemia, cardiac arrest, and death. Because
acidosis and hypoxemia are both potent pulmonary
vasoconstrictors, careful monitoring and management of
these conditions are critical in the management of
pulmonary hypertension. Treatment should also include
the provision of adequate analgesics, sedatives, and
muscle relaxants. Pulmonary vasodilators, including
inhaled nitric oxide, inhaled prostacyclin, inhaled and
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intravenous prostacyclin analogs, and intravenous and
oral phosphodiesterase type V inhibitors (eg, sildenafil)
are used to prevent and treat pulmonary hypertensive
crises.58

COR LOE Recommendations

1. Inhaled nitric oxide or prostacyclin should be
used as the initial therapy to treat pulmonary
1 hypertensive crises or acute right-sided heart
failure secondary to increased pulmonary
vascular resistance.”**?

2. Provide careful respiratory management and
monitoring to avoid hypoxia and acidosis in
the postoperative care of the child with
pulmonary hypertension.**

3. For pediatric patients who are at high risk for
pulmonary hypertensive crises, provide
adequate analgesics, sedatives, and
neuromuscular blocking agents.>*+1617

4. For the initial treatment of pulmonary
hypertensive crises, oxygen administration and
induction of alkalosis through hyperventilation
or alkali administration can be useful while
pulmonary-specific vasodilators are
administered.®*?

2a C-LD

5. For children who develop refractory pulmonary
hypertension, including signs of low cardiac

2b C-LD output or profound respiratory failure despite

optimal medical therapy, ECLS may be

considered.! %

Recommendation-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.112

2. Two physiological reviews and 1 randomized clinical
trial have demonstrated that hypercarbia,
hypoxemia, acidosis, atelectasis, and
ventilationperfusion mismatch can all lead to
increases in pulmonary vascular resistance and,
hence, elevation of pulmonary artery pressures in
the immediate postoperative period.13-15

3. 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
period.2,11,16,17

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901
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4. Two physiological reviews and 1 randomized clinical
trial have demonstrated that hypercarbia,
hypoxemia, acidosis, atelectasis, and
ventilationperfusion mismatch can all lead to
increases in pulmonary vascular resistance and,
hence, elevation of pulmonary artery pressures in
the immediate postoperative period.13-15

5. ECLS has been used in children with pulmonary
vascular disease after cardiopulmonary collapse
or low cardiac output.’89 Although outcomes
remain poor in certain populations,?° advances in
technology of extracorporeal devices may allow for
bridging to MCS or to transplantation.2! Although
patients with pulmonary hypertension who require
ECLS have a high mortality rate, provision of ECLS
can be lifesaving.11.22.23

topics were reviewed  previously in

“Cardiopulmonary Resuscitation in Infants and Children
With Cardiac Disease: A Scientific Statement From the
American Heart Association”? and “Pediatric Pulmonary
Hypertension: Guidelines From the American Heart
Association and American Thoracic Society.”1!

REFERENCES

1.

N

w

»

%]

o

~

00

vy DD, Abman SH, Barst RJ, Berger RM, Bonnet D, Fleming TR, Haworth SG, Raj
JU, Rosenzweig EB, Schulze Neick I, et al. Pediatric pulmonary hypertension. J
Am Coll Cardiol. 2013;62(suppl):D117-D126. doi: 10.1016/j.jacc.2013.10.028

. Marino BS, Tabbutt S, MacLaren G, Hazinski MF, Adatia I, Atkins DL, Checchia

PA, DeCaen A, Fink EL, Hoffman GM, Jefferies JL, Kleinman M, Krawczeski CD,
Licht DJ, Macrae D, Ravishankar C, Samson RA, Thiagarajan RR, Toms R, Tweddell
J, Laussen PC; American Heart Association Congenital Cardiac Defects
Committee of the Council on Cardiovascular Disease in the Young; Council on
Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; Council on
Cardiovascular Surgery and Anesthesia; and Emergency Cardiovascular Care
Committee. Cardiopulmonary Resuscitation in Infants and Children With
Cardiac Disease: A Scientific Statement From the American Heart Association.
Circulation. 2018;137:e691-e782. doi: 10.1161/CIR.0000000000000524

. Bando K, Turrentine MW, Sharp TG, Sekine Y, Aufiero TX, Sun K, Sekine E, Brpwn

JW. Pulmonary hypertension after operations for congenital heart disgase:

analysis of risk factors and management. J Thorac Cardiovasc %urg.

1996;112:1600-7; discussion 1607. doi:
10.1016/50022-5223(96)70019-3

pope

. Lindberg L, Olsson AK, Jogi P, Jonmarker C. How common is severe pulmg‘lary

hypertension after pediatric cardiac surgery? J Thorac Cardiovasc g‘urg.
2002;123:1155-1163. doi: 10.1067/mtc.2002.121497

i

=}

. Avila-Alvarez A, Del Cerro Marin MJ, Bautista-Hernandez V. Pulmahary

Vasodilators in the Management of Low Cardiac Output Syndrome g‘fter
Pediatric Cardiac Surgery. Curr Vasc Pharmacol. 2016;14:37—47.§'doi:
10.2174/1570161113666151014124912 3

. Sabri MR, Bigdelian H, Hosseinzadeh M, Ahmadi A, Ghaderian M, Sho}% M.

Comparison of the therapeutic effects and side effects of tadalafil and sil%%ﬁafil
after surgery in young infants with pulmonary arterial hypertension dae to
systemic-to-pulmonary shunts. Cardiol Young. 2017;27:1686— 1693.cdoi:
10.1017/51047951117000981 o

. Bizzarro M, Gross |, Barbosa FT. Inhaled nitric oxide for the postopefative

management of pulmonary hypertension in infants and children with conggnital
heart disease. Cochrane Database Syst Rev. 2014:CD005055. gdoi:

10.1002/14651858.CD005055.pub3 NS

. Unegbu C, Noje C, Coulson JD, Segal JB, Romer L. Pulmonary hypertegsion

therapy and a systematic review of efficacy and safety of PDE-5 inhi
Pediatrics. 2017;139:e20161450. doi: 10.1542/peds.2016-1450

Circulation. 2020;142(suppl 2):S469-S523. DOI: 10.1161/CIR.0000000000000901

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

Miller Ol, Tang SF, Keech A, Pigott NB, Beller E, Celermajer DS. Inhaled nitric
oxide and prevention of pulmonary hypertension after congenital heart surgery:
arandomised double-blind study. Lancet. 2000;356:1464—
1469. doi: 10.1016/50140-6736(00)02869-5
Journois D, Baufreton C, Mauriat P, Pouard P, Vouhé P, Safran D. Effects of
inhaled nitric oxide administration on early postoperative mortality in patients
operated for correction of atrioventricular canal defects. Chest.
2005;128:3537-3544. doi: 10.1378/chest.128.5.3537
Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia |, Chung WK, Hanna BD,
Rosenzweig EB, Raj JU, Cornfield D, Stenmark KR, Steinhorn R, Thébaud B,
Fineman JR, Kuehne T, Feinstein JA, Friedberg MK, Earing M, Barst RJ, Keller
RL, Kinsella JP, Mullen M, Deterding R, Kulik T, Mallory G, Humpl T, Wessel DL;
American Heart Association Council on Cardiopulmonary, Critical Care,
Perioperative and Resuscitation; Council on Clinical Cardiology; Council on
Cardiovascular Disease in the Young; Council on Cardiovascular Radiology and
Intervention; Council on Cardiovascular Surgery and Anesthesia; and the
American Thoracic Society. Pediatric Pulmonary Hypertension: Guidelines
From the American Heart Association and American Thoracic Society.
Circulation. 2015;132:2037-2099. doi: 10.1161/CIR.0000000000000329
Kelly LK, Porta NF, Goodman DM, Carroll CL, Steinhorn RH. Inhaled prostacyclin
for term infants with persistent pulmonary hypertension refractory to inhaled
nitric oxide. J Pediatr. 2002;141:830-832. doi:
10.1067/mpd.2002.129849
Morris K, Beghetti M, Petros A, Adatia |, Bohn D. Comparison of
hyperventilation and inhaled nitric oxide for pulmonary hypertension after
repair of congenital heart disease. Crit Care Med. 2000;28:2974-2978. doi:
10.1097/00003246-200008000-00048
Nair J, Lakshminrusimha S. Update on PPHN: mechanisms and treatment.
Semin Perinatol. 2014;38:78-91. doi: 10.1053/j.semperi.2013.11.004
Moudgil R, Michelakis ED, Archer SL. Hypoxic pulmonary vasoconstriction. J
Appl Physiol (1985). 2005;98:390—403. doi: 10.1152/ japplphysiol.00733.2004
Hopkins RA, Bull C, Haworth SG, de Leval MR, Stark J. Pulmonary hypertensive
crises following surgery for congenital heart defects in young children. Eur J
Cardiothorac Surg. 1991;5:628-634. doi: 10.1016/1010-7940(91)90118-4
Anand KJ, Hansen DD, Hickey PR. Hormonal-metabolic stress responses in
neonates undergoing cardiac surgery. Anesthesiology. 1990;73:661-670.
doi: 10.1097/00000542-199010000-00012
Kolovos NS, Bratton SL, Moler FW, Bove EL, Ohye RG, Bartlett RH, Kulik TJ.
Outcome of pediatric patients treated with extracorporeal life support after
cardiac surgery. Ann Thorac Surg. 2003;76:1435-41; discussion 1441. doi:
10.1016/s0003-4975(03)00898-1
Dhillon R, Pearson GA, Firmin RK, Chan KC, Leanage R. Extracorporeal
membrane oxygenation and the treatment of critical pulmonary hypertension
in congenital heart disease. Eur J Cardiothorac Surg. 1995;9:553—
556. doi: 10.1016/s1010-7940(05)80004-1
Puri V, Epstein D, Raithel SC, Gandhi SK, Sweet SC, Faro A, Huddleston CB.
Extracorporeal membrane oxygenation in pediatric lung transplantation. J
Thorac Cardiovasc Surg. 2010;140:427—-432. doi: 10.1016/j. jtcvs.2010.04.012
Ricci M, Gaughan CB, Rossi M, Andreopoulos FM, Novello C, Salerno TA,
Rosenkranz ER, Panos AL. Initial experience with the TandemHeart circulatory
support system in children. ASAIO J. 2008;54:542-545. doi: 10.1097/
MAT.0b013e31818312f1
Morrell NW, Aldred MA, Chung WK, Elliott CG, Nichols WC, Soubrier F,
Trembath RC, Loyd JE. Genetics and genomics of pulmonary arterial
hypertension. Eur Respir J. 2019;53:Epub ahead of print. doi:
10.1183/13993003.01899-2018
Frank DB, Crystal MA, Morales DL, Gerald K, Hanna BD, Mallory GB Jr, Rossano
JW. Trends in pediatric pulmonary hypertension-related hospitalizations in the
United States from 2000-2009. Pulm Circ. 2015;5:339—
348. doi: 10.1086/681226

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
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inconsistent. Cardiac arrest due to major blunt or
penetrating injury in children has a very high mortality
rate.58 Thoracic injury should be suspected in all
thoracoabdominal trauma because tension
pneumothorax, hemothorax, pulmonary contusion, or
pericardial tamponade may impair hemodynamics,
oxygenation, and ventilation.

COR LOE Recommendations

1. In pediatric traumatic cardiac arrest, evaluate
for and treat potential reversible causes, such
as hemorrhage, tension pneumothorax, and
pericardial tamponade.>°

1 C-EO

N

. In pediatric cardiac arrest secondary to
penetrating injury with a short transport time,
it may be reasonable to perform resuscitative
thoracotomy.****#

2b C-LD

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.%1° 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 simultaneously with conventional
resuscitation.
2. Recent systematic reviews,'"*  multicenter

retrospective  studies,’>¢ and single-center
retrospective studies!” recommend emergent
thoracotomy for 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.1218
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CRITICAL KNOWLEDGE GAPS 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 lack significant pediatric
evidence to support evidence-based recommendations.
In addition, we identified topics for which systematic or
scoping reviews are in process by the ILCOR Basic Life
Support or Pediatric Life Support Task Forces and elected
not to make premature recommendations until these
reviews are available.

As is so often the case in pediatric medicine, many
recommendations 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.
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Dedicated pediatric resuscitation research is a 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 2.
Table 2. Critical Knowledge Gaps Due to Insufficient Pediatric Data

What is the optimal method of medication delivery during CPR: 10 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 subsequent doses of epinephrine be
administered?

With what frequency should epinephrine be administered in infants and
children during CPR who are awaiting ECMO cannulation?

Are alternative compression techniques (cough CPR, fist pacing, interposed
abdominal compression CPR) more effective alternatives to CPR?

With what frequency should the rhythm be checked during CPR?

What is the optimal method of airway management during OHCA—bagmask
ventilation, supraglottic airway, or endotracheal tube?

What is the optimal Fio, to 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 CPR? 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 noncardiac
causes?

Pediatric Basic and Advanced Life Support: 2020 AHA Guidelines for CPR and ECC

What is the optimal timing and dosing of defibrillation for VF/pVT?

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?

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 rehabilitation therapies and follow-up should be provided to improve
outcomes post arrest?

What are the most effective and safe medications for adenosinerefractory
SVT?

What is the appropriate age and setting to transition from (1) neonatal
resuscitation protocols to pediatric resuscitation protocols and (2) from
pediatric resuscitation protocols to adult resuscitation protocols?

CPR indicates cardiopulmonary resuscitation; ECMO, extracorporeal membrane
oxygenation; ECPR, extracorporeal cardiopulmonary resuscitation; Fio,, fraction of
inspired oxygen; IHCA, in-hospital cardiac arrest; 10, intraosseous; IV, intravenous;
OHCA, out-of-hospital cardiac arrest; pVT, pulseless ventricular tachycardia; SVT,
supraventricular tachycardia; and VF, ventricular fibrillation.
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