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TOP 10 TAKE-HOME MESSAGES
1. 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 inter-
ruptions in CPR, allowing full chest recoil between compressions, and 
avoiding excessive ventilation.

2. 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.

3. For patients with nonshockable rhythms, the earlier epinephrine is adminis-
tered after CPR initiation, the more likely the patient is to survive.

4. Using a cuffed endotracheal tube decreases the need for endotracheal tube 
changes.

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

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

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

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

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

10. Fluid resuscitation in sepsis is based on patient response and requires fre-
quent reassessment. Balanced crystalloid, unbalanced crystalloid, and colloid 
fluids are all acceptable for sepsis resuscitation. Epinephrine or norepineph-
rine 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.1–4 In 2015, emergency medical service–documented out-of-hos-
pital cardiac arrest (OHCA) occurred in more than 7000 infants and children.4 
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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) inci-
dence was 12.66 events per 1000 infant and child 
hospital admissions, with an overall survival to hospi-
tal 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 re-
ported in up to 47% of survivors to discharge.5 De-
spite increases in survival from IHCA, there is more 
to be done to improve both survival and neurological 
outcomes.6

The International Liaison Committee on Resusci-
tation (ILCOR) Formula for Survival emphasizes 3 es-
sential components for good resuscitation outcomes: 
guidelines based on sound resuscitation science, ef-
fective education of the lay public and resuscitation 
providers, and implementation of a well-functioning 
Chain of Survival.7

These guidelines contain recommendations for 
pediatric basic and advanced life support, excluding 
the newborn period, and are based on the best avail-
able resuscitation science. The Chain of Survival (Sec-
tion 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 Educa-
tion 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 con-
genital heart disease.

For the purposes of the pediatric advanced life sup-
port guidelines, pediatric patients are infants, children, 
and adolescents up to 18 years of age, excluding new-
borns. 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 pur-
poses, 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 guide-
lines apply to neonates (less than 30 days old) after hos-
pital 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 guid-
ance are evolving with the COVID-19 situation, this in-
terim guidance is maintained separately from the emer-
gency cardiovascular care (ECC) guidelines. Readers are 
directed to the AHA website for the most recent guid-
ance.8

Organization of the Pediatric Writing 
Committee
The Pediatric Writing Group consisted of pediatric clini-
cians including intensivists, cardiac intensivists, cardiolo-
gists, emergency medicine physicians, medical toxicolo-
gists, 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.9 Prior to appointment, 
writing group members and peer reviewers disclosed all 
commercial relationships and other potential (including 
intellectual) conflicts. Writing group members whose re-
search led to changes in guidelines were required to de-
clare those conflicts during discussions and abstain from 
voting on those specific recommendations. This process 
is described more fully in “Part 2: Evidence Evaluation 
and Guidelines Development.” Disclosure information 
for writing group members is listed in Appendix 1.

Methodology and Evidence Review
These pediatric guidelines are based on the extensive 
evidence evaluation performed in conjunction with the 
ILCOR and affiliated ILCOR member councils. Three dif-
ferent types of evidence reviews (systematic reviews, 
scoping reviews, and evidence updates) were used in 
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the 2020 process.10,11 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.11a 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

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 

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.

Guideline Structure
The 2020 Guidelines are organized in discrete modules 
of information on specific topics or management issues.13 
Each modular “knowledge chunk” includes a table of 
recommendations using standard AHA nomenclature of 

Table 1. Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient 
Care (Updated May 2019)*

This table defines the Classes of Recommendation (COR) and Levels of Evidence (LOE). COR indicates the 
strength the writing group assigns the recommendation, and the LOE is assigned based on the quality of 
the scientific evidence. The outcome or result of the intervention should be specified (an improved clinical 
outcome or increased diagnostic accuracy or incremental prognostic information).
Classes of Recommendation
COR designations include Class 1, a strong recommendation for which the potential benefit greatly 
outweighs the risk; Class 2a, a moderate recommendation for which benefit most likely outweighs the risk; 
Class 2b, a weak recommendation for which it’s unknown whether benefit will outweigh the risk; Class 3: 
No Benefit, a moderate recommendation signifying that there is equal likelihood of benefit and risk; and 
Class 3: Harm, a strong recommendation for which the risk outweighs the potential benefit. 
Suggested phrases for writing Class 1 recommendations include 
• Is recommended
• Is indicated/useful/
effective/beneficial
• Should be performed/
administered/other
Comparative-effectiveness phrases include treatment/strategy A is recommended/indicated in preference to 
treatment B, and treatment A should be chosen over treatment B.
Suggested phrases for writing Class 2a recommendations include
• Is reasonable
• Can be useful/effective/
beneficial
Comparative-effectiveness phrases include treatment/strategy A is probably recommended/indicated in 
preference to treatment B, and it is reasonable to choose treatment A over treatment B.
For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only), studies 
that support the use of comparator verbs should involve direct comparisons of the treatments 
or strategies being evaluated.
Suggested phrases for writing Class 2b recommendations include
• May/might be 
reasonable
• May/might be 
considered
• Usefulness/effectiveness 
is unknown/unclear/uncertain or not well-established
Suggested phrases for writing Class 3: No Benefit recommendations (generally, LOE A or B use only) include
• Is not recommended
• Is not indicated/useful/
effective/beneficial
• Should not be 
performed/administered/other
Suggested phrases for writing Class 3: Harm recommendations include
• Potentially harmful
• Causes harm
• Associated with excess 
morbidity/mortality
• Should not be 
performed/administered/other
Levels of Evidence
For LOEs, the method of assessing quality is evolving, including the application of standardized, 
widely-used, and preferably validated evidence grading tools; and for systematic reviews, the 
incorporation of an Evidence Review Committee. LOE designations include Level A, Level B-R, 
Level B-NR, Level C-LD, and Level C-EO. 
Those categorized as Level A are derived from
• High-quality evidence 
from more than 1 randomized clinical trial, or RCT
• Meta-analyses of 
high-quality RCTs
• One or more RCTs 
corroborated by high-quality registry studies
Those categorized as Level B-R (randomized) are derived from
• Moderate-quality 
evidence from 1 or more RCTs
• Meta-analyses of 
moderate-quality RCTs
Those categorized as Level B-NR (nonrandomized) are derived from
• Moderate-quality 
evidence from 1 or more well-designed, well-executed nonrandomized studies, observational studies, or 
registry studies
• Meta-analyses of such 
studies
Those categorized as Level C-LD (limited data) are derived from
• Randomized or 
nonrandomized observational or registry studies with limitations of design or execution
• Meta-analyses of such 
studies
• Physiological or 
mechanistic studies in human subjects
Those categorized as Level C-EO (expert opinion) are derived from
• Consensus of expert 
opinion based on clinical experience
COR and LOE are determined independently (any COR may be paired with any LOE).
A recommendation with LOE C does not imply that the recommendation is weak. Many important clinical 
questions addressed in guidelines do not lend themselves to clinical trials. Although RCTs are unavailable, 
there may be a very clear clinical consensus that a particular test or therapy is useful or effective.
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COR and LOE. Recommendations are presented in or-
der of COR: most potential benefit (Class 1), followed 
by lesser certainty of benefit (Class 2), and finally poten-
tial for harm or no benefit (Class 3). Following the COR, 
recommendations are ordered by the certainty of sup-
porting 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 sup-
portive text clarifies the rationale and key study data 
supporting the recommendations. When appropriate, 
flow diagrams or additional tables are included. Hyper-
linked 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 Sci-
ence 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

COI 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

LD limited data

LOE Level of Evidence

MCS mechanical circulatory support

NR nonrandomized

OHCA out-of-hospital cardiac arrest

PALS pediatric advanced life support

PICO population, intervention, comparator, outcome

pVT pulseless ventricular tachycardia

RCT randomized clinical trial

ROSC return of spontaneous circulation

SGA supraglottic airway

TTM targeted temperature management

VF ventricular fibrillation
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MAJOR CONCEPTS
The epidemiology, pathophysiology, and common eti-
ologies 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 respira-
tory failure or shock. In these patients, cardiac arrest is 
preceded by a variable period of deterioration, which 
eventually results in cardiopulmonary failure, bradycar-
dia, 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 recogni-
tion, high-quality CPR, postarrest care, and extracor-
poreal cardiopulmonary resuscitation (ECPR).1,2 In a 
recent analysis of the Get With The Guidelines Resus-
citation 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 trans-
ferred 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 pa-
tient age.4 There was no significant change in these 
rates over time, consistent with other national reg-
istries from Japan and from Australia and New Zea-
land.5,6 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 bystand-
er CPR rates, stressing the importance of early recog-
nition and treatment of these patients.4

As survival rates from pediatric cardiac arrest in-
crease, there has been a shift with more focus on neu-
rodevelopmental, physical, and emotional outcomes 
of survivors. Recent studies demonstrate that a quar-
ter of patients with favorable outcomes have global 
cognitive impairment and that 85% of older children 
who were reported to have favorable outcomes have 
selective neuropsychological deficits.7

Figure 1. Pediatric Chains of Survival for in-hospital (top) and out-of-hospital (bottom) cardiac arrest.
CPR indicates cardiopulmonary resuscitation.

Pediatric 
Chains of 
Survival for 
in-hospital 
and out-
of-hospital 
cardiac arrest. 
(2; IHCA, 
OHCA)
2 horizontal 
chains for 
pediatrics, 1 
for In-Hos-
pital Cardiac 
Arrest and 
1 for Out-
of-Hospital 
Cardiac Ar-
rest. On each 
chain, 6 links 
show icons 
for actions to 
help an adult 
in cardiac 
arrest.
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The Pediatric Chain of Survival
Historically, cardiac arrest care has largely focused on 
the management of the cardiac arrest itself, highlight-
ing high-quality CPR, early defibrillation, and effective 
teamwork. However, there are aspects of prearrest 
and postarrest care that are critical to improve out-
comes. As pediatric cardiac arrest survival rates have 
plateaued, the prevention of cardiac arrest becomes 
even more important. In the out-of-hospital environ-
ment, 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 criti-
cal in improving outcomes. In the in-hospital environ-
ment, cardiac arrest prevention includes early recog-
nition 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 resuscitation from cardiac arrest, man-
agement of the post–cardiac arrest syndrome (which 
may include brain dysfunction, myocardial dysfunc-
tion with low cardiac output, and ischemia or reperfu-
sion injury) is important to avoid known contributors 
to secondary injury, such as hypotension.8,9 Accurate 
neuroprognostication is important to guide caregiver 
discussions and decision-making. Finally, given the 
high risk of neurodevelopmental impairment in car-
diac arrest survivors, early referral for rehabilitation 
assessment and intervention is key.

To highlight these different aspects of cardiac 
arrest management, the Pediatric Chain of Surviv-
al 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 evalu-
ation, 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) 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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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 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 ar-
rest 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.
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High-quality CPR generates blood flow to vital or-
gans and increases the likelihood of return of spon-
taneous circulation (ROSC). The 5 main components 
of high-quality CPR are (1) adequate chest compres-
sion 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,1,2 incomplete chest re-
coil,3 and high ventilation rates4,5 are common during 
pediatric resuscitation.

Initiation of CPR

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 identi-
fied a high error rate and harmful CPR pauses dur-
ing manual pulse checks by trained rescuers.21–23 
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.6

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.24 
Although the evidence is of low certainty, con-
tinuing to recommend compressions-airway-
breathing likely results in minimal delays in rescue 
breathing and allows for a consistent approach to 
cardiac arrest treatment in adults and children.

Components of High-Quality CPR

Recommendation-Specific Supportive Text
1. Large observational studies of children with OHCA 

show the best outcomes with compression-ven-
tilation CPR, though outcomes for infants with 
OHCA are often poor regardless of resuscitation 
strategy.25–29

2. Large observational studies of children with 
OHCA show that compression-only CPR is supe-
rior to no bystander CPR, though outcomes for 
infants with OHCA are often poor.27,28

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 

Recommendations for Initiation of CPR

COR LOE Recommendations

1 C-LD

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 a pulse.6–20

2a C-LD

2.  In infants and children with no signs of life, 
it is reasonable for healthcare providers to 
check for a pulse for up to 10 s and begin 
compressions unless a definite pulse is felt.21–23

2b C-EO
3.  It may be reasonable to initiate CPR with 

compressions-airway-breathing over airway-
breathing-compressions.24

Recommendations for Components of High-Quality CPR

COR LOE Recommendations

1 B-NR
1.  CPR using chest compressions with rescue 

breaths should be provided to infants and 
children in cardiac arrest.25–29

1 B-NR

2.  For infants and children, if bystanders are 
unwilling or unable to deliver rescue breaths, 
it is recommended that rescuers should 
provide chest compressions only.27,28

1 C-EO
3.  After each compression, rescuers should allow 

the chest to recoil completely.2,3,30

2a C-LD
4.  It is reasonable to use a chest compression rate 

of ≈100–120/min for infants and children.31,32

2a C-LD

5.  For infants and children, it is reasonable 
for rescuers to provide chest compressions 
that depress the chest at least one third the 
anterior-posterior diameter of the chest, which 
equates to approximately 1.5 inches (4 cm) 
in infants to 2 inches (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.33–36

2a C-EO
6.  For healthcare providers, it is reasonable to 

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

2a C-EO
7.  It is reasonable to ventilate with 100% oxygen 

during CPR.

2a C-EO

8.   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 15:2.25

2b C-LD

9.   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 (20–30 breaths/min), 
accounting for age and clinical condition. 
Rates exceeding these recommendations may 
compromise hemodynamics.5

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

October 20, 2020 Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901S476

leaning during pediatric CPR is common.2,3 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.30

4. A small observational study found that a com-
pression rate of at least 100/min was associated 
with improved systolic and diastolic blood pres-
sures during CPR for pediatric IHCA.31 One mul-
ticenter, 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 associ-
ated 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

5. 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 observa-
tional study found an improvement in rates of 
ROSC and 24-hour survival, when at least 60% 
of 30-second epochs of CPR achieve an average 
chest compression depth greater than 5 cm for 
pediatric IHCA.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.25

9. One small, multicenter observational study of 
intubated pediatric patients found that ventila-
tion 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 compres-
sions 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 Pediat-
ric Basic Life Support and Cardiopulmonary Resuscita-
tion Quality: An Update to the American Heart Associa-
tion Guidelines for Cardiopulmonary Resuscitation and 
Emergency Cardiovascular Care.”37

Figure 2. 2-Finger compressions.

Side view 
of an infant 
lying faceup. A 
rescuer presses 
two fingers 
straight down 
against the 
infant’s chest.
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CPR Technique

Recommendations for CPR Technique

COR LOE Recommendations

1 C-LD

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.38–41

1 C-LD

2.  For infants, the 2-thumb–encircling hands 
technique (Figure 3) is recommended when 
CPR is provided by 2 rescuers. If the rescuer 
cannot physically encircle the victim’s chest, 
compress the chest with 2 fingers.42–46

2b C-LD
3.  For children, it may be reasonable to use 

either a 1- or 2-hand technique to perform 
chest compressions.47–49

2b C-EO

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.

Recommendation-Specific Supportive Text
1. One anthropometric38 and 3 radiological stud-

ies39–41 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 midster-
num.41 See Figure 2 for the 2-finger technique.

2. Systematic reviews suggest that the 2-thumb–
encircling hands technique may improve CPR 

quality when compared with 2-finger compres-
sions, particularly for depth.42,43 However, recent 
manikin studies suggest that the 2-thumb–encir-
cling hands technique may be associated with 
lower chest compression fractions (percent of car-
diac arrest time that chest compression are pro-
vided)44 and incomplete chest recoil,45,46 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 pro-
duces better outcomes for children receiving CPR. 
In manikin studies, the 2-hand technique has been 
associated with improved compression depth,47 
compression force,48 and less rescuer fatigue.49

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

Support Surfaces for CPR

Recommendations for Support Surfaces for CPR

COR LOE Recommendations

1 C-LD
1.  During IHCA, when available, activate the 

bed’s “CPR mode” to increase mattress 
stiffness.50–53

2a C-LD
2.  It is reasonable to perform chest 

compressions on a firm surface.53–59

2a C-LD
3.   During IHCA, it is reasonable to use a back-

board to improve chest compression  
depth.53,55,56,60–63

Figure 3. 2-Thumb–encircling hands compressions.

One rescuer 
holds bag-
mask over 
nose and 
mouth of 
infant lying 
faceup on a 
table. Sec-
ond rescuer 
has both 
thumbs 
centered 
on infant’s 
chest, 
fingers 
wrapped 
around 
infant’s 
torso.
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Figure 4. Pediatric BLS for lay rescuers.
AED indicates automated external defibrillator; BLS, basic life support; CPR, cardiopulmonary resuscitation; and EMS, emergency medical services.

3 vertical 
rectangles 
show the 
steps to help 
an unrespon-
sive child or 
infant: Make 
sure the 
scene is safe, 
shout for 
help, repeat 
cycles of 30 
compressions 
and then 2 
breaths.
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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.

Text in cascading boxes describes the actions that a single 
rescuer should perform in sequence during a pediatric 
cardiac arrest. Arrows guide the rescuer from one box to the 
next as the rescuer performs the actions. Some boxes have 
2 arrows that lead outward, each to a different pathway 
depending on the outcome of the most recent action taken. 
Pathways are hyperlinked.
Box 1
Verify scene safety.
Box 2
• 
Check for responsiveness. 
• 
Shout for nearby help. 
• 
Activate the emergency response system via mobile device (if 
appropriate).
Box 3
Look for no breathing or only gasping and 
check pulse (simultaneously). Is a pulse definitely 
felt within 10 seconds?
If there is normal breathing and a pulse is 
felt, proceed to Box 3a.
If there is no normal breathing but a pulse is 
felt, proceed to Box 3b.
If there is no breathing or there is only gasping and no pulse 
is felt, proceed to Box 5.
Box 3a
Monitor until emergency responders arrive.
Box 3b
• 
Provide rescue breathing, 1 breath every 2 to 3 seconds, or 
about 20 to 30 breaths per minute.
• 
Assess pulse rate for no more than 10 seconds. 
Proceed to Box 4.
Box 4
Is heart rate less than 60 per minute with 
signs of poor perfusion?
If Yes, proceed to Box 4a.
If No, proceed to Box 4b.
Box 4a
Start CPR.
Box 4b
• 
Continue rescue breathing: check pulse every 2 minutes. 
• 
If no pulse, start CPR.
Box 5
Was the sudden collapse witnessed?
If Yes, proceed to Box 5a. 
If No, proceed to Box 6. 
Box 5a
Activate the emergency response system (if not 
already done) and retrieve the AED or defibrillator, 
then proceed to Box 6.
Box 6
Start CPR.
• 
1 rescuer: Perform cycles of 30 compressions and 2 breaths. 
• 
When the second rescuer arrives, perform cycles of 15 
compressions and 2 breaths. 
• 
Use the AED as soon as it is available. Proceed to Box 7.
Box 7
After about 2 minutes, if still alone, activate the 
emergency response system and retrieve AED (if not already 
done). Proceed to Box 8.
Box 8
Check rhythm. Is it a shockable rhythm?
If Yes, it is shockable, proceed to Box 9.
If No, it is nonshockable, proceed to Box 10.
Box 9
• 
Give 1 shock. Resume CPR immediately for 2 minutes (until 
prompted by the AED to allow a rhythm check).
• 
Continue until advanced life support providers take over or 
the child starts to move. Return to Box 8, if necessary.
Box 10
• 
Resume CPR immediately for 2 minutes (until prompted by 
the AED to allow a rhythm check).
• 
Continue until advanced life support providers take over or 
the child starts to move. Return to Box 8, if necessary.
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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.

Text in cascading boxes describes the actions that 2 or more rescuers should perform in sequence 
during a pediatric cardiac arrest. Arrows guide the rescuers from one box to the next as they perform 
the actions. Some boxes have 2 arrows that lead outward, each to a different pathway depending on 
the outcome of the most recent action taken. Pathways are hyperlinked.
Box 1
Verify scene safety.
Box 2
• Check for 
responsiveness. 
• Shout for nearby 
help. 
• First rescuer 
remains with the child. Second rescuer activates the emergency response system and retrieves the AED 
and emergency equipment.
Box 3
Look for no breathing or only gasping and check pulse (simultaneously). Is pulse 
definitely felt within 10 seconds?
If there is normal breathing and a pulse is felt, proceed to Box 3a.
If there is no normal breathing but a pulse is felt, proceed to Box 3b.
If there is no breathing or there is only gasping and no pulse is felt, proceed to Box 5.
Box 3a
Monitor until emergency responders arrive.
Box 3b
• Provide rescue 
breathing, 1 breath every 2 to 3 seconds, or about 20 to 30 breaths per minute.
• Assess pulse rate 
for no more than 10 seconds. Proceed to Box 4.
Box 4
Is heart rate less than 60 per minute with signs of poor perfusion?
If Yes, proceed to Box 4a.
If No, proceed to Box 4b.
Box 4a
Start CPR.
Box 4b
• Continue rescue 
breathing: check pulse about every 2 minutes. 
• If no pulse, start 
CPR.
Box 5
Start CPR
• First rescuer 
performs cycles of 30 compressions and 2 breaths. 
• When second 
rescuer returns, perform cycles of 15 compressions and 2 breaths. 
• Use the AED as 
soon as it is available. Proceed to Box 6.
Box 6
Check rhythm. Is it a shockable rhythm?
If Yes, it is shockable, proceed to Box 7.
If No, it is nonshockable, proceed to Box 8.
Box 7
• Give 1 shock. 
Resume CPR immediately for 2 minutes (until prompted by the AED to allow a rhythm check).
• Continue until 
advanced life support providers take over or the child starts to move. Return to Box 6, if necessary.
Box 8
• Resume CPR 
immediately for 2 minutes (until prompted by the AED to allow a rhythm check).
• Continue until 
advanced life support providers take over or the child starts to move. Return to Box 6, if necessary.
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Figure 7. Pediatric Cardiac Arrest Algorithm.
ASAP indicates as soon as possible; CPR, cardiopulmonary resuscitation; ET, endotracheal; HR, heart rate; IO, intraosseous; IV, intravenous; PEA, pulseless electrical 
activity; and VF/pVT, ventricular fibrillation/pulseless ventricular tachycardia.

Text in cascading boxes describes the actions that a provider 
should perform in sequence during a pediatric cardiac arrest. Ar-
rows guide providers from one box to the next as they perform the 
actions. Some boxes have 2 arrows that lead outward, each arrow 
to a different treatment pathway depending on the outcome of 
the  most recent action taken. Pathways are hyperlinked.
Box 1
Start CPR
• 
Begin bag-mask ventilation and give oxygen
• 
Attach monitor/defibrillator
Is the rhythm shockable?
If Yes, it is shockable, proceed to Box 2.
If No, it is nonshockable, proceed to Box 9.
Box 2
The patient has  VF or pVT; proceed to Box 3.
Box 3
Deliver shock.
Box 4
CPR 2 minutes
• 
IV or IO access
Is the rhythm shockable?
If Yes, it is shockable, proceed to Box 5.
If No, it is nonshockable, proceed to Box 12.
Box 5
Deliver shock.
Box 6
CPR 2 minutes.
• 
Epinephrine every 3 to 5 minutes
• 
Consider advanced airway
Is the rhythm shockable?
If Yes, it is shockable, proceed to Box 7.
If No, it is nonshockable, proceed to Box 12.
Box 7
Deliver shock.
Box 8
CPR 2 minutes
• 
Amiodarone or lidocaine
• 
Treat reversible causes
Is the rhythm shockable?
If Yes, it is shockable, return to Box 5.
If No, it is nonshockable, proceed to Box 12.
Box 9
The patient has asystole or PEA; give epinephrine ASAP.
Box 10
CPR 2 minutes
• 
IV or IO access
• 
Epinephrine every 3 to 5 minutes
• 
Consider advanced airway and capnography
Is the rhythm shockable?
If Yes, it is shockable, proceed to Box 7.
If No, it is nonshockable, proceed to Box 11.
Box 11
CPR 2 minutes
Treat reversible causes.
Is rhythm shockable?
If Yes, it is shockable, proceed to Box 7.
If No, it is nonshockable, proceed to Box 12.
Box 12
• 
If there are no signs of return of spontaneous circulation, proceed 
to Box 10
• 
If return of spontaneous circulation is achieved, go to Post–Cardiac 
Arrest Care checklist
Sidebar for the Pediatric Cardiac Arrest Algorithm
CPR Quality
• 
Push hard (at least one-third of the anteroposterior diameter of 
the chest) and fast (100 to 120 per minute) and allow complete 
chest recoil
• 
Minimize interruptions in compressions
• 
Change compressor every 2 minutes, or sooner if fatigued
• 
If no advanced airway, 15 to 2 compression to ventilation ratio
• 
If advanced airway, provide continuous compressions and give a 
breath every 2 to 3 seconds
Shock Energy for Defibrillation
• 
First shock: 2 Joules per kilogram
• 
Second shock: 4 Joules per kilogram
• 
Subsequent shocks: at least 4 Joules per kilogram, up to a 
maximum of 10 Joules per kilogram or adult dose
Drug Therapy
• 
Epinephrine IV or IO dose: 0.01 milligrams per kilogram (0.1 mil-
liliter per kilogram of the 0.1 milligram per milliliter concentration). 
Maximum dose: 1 milligram. Repeat every 3 to 5 minutes. If no 
IV or IO access, may give endotracheal dose of 0.1 milligrams per 
kilogram (0.1 milliliter per kilogram of the 1 milligram per milliliter 
concentration)
• 
Amiodarone IV or IO dose: 5 milligrams per kilogram bolus during 
cardiac arrest. May repeat up to 3 total doses for refractory VF or 
pulseless VT
or
Lidocaine IV or IO dose: Initial: 1 milligram per 
kilogram loading dose
Advanced Airway
• 
Endotracheal intubation or supraglottic advanced airway
• 
Waveform capnography or capnometry to confirm and monitor ET 
tube placement
Reversible Causes
• 
Hypovolemia
• 
Hypoxia
• 
Hydrogen ion (acidosis)
• 
Hypoglycemia
• 
Hypokalemia or hyperkalemia
• 
Hypothermia
• 
Tension pneumothorax
• 
Tamponade, cardiac
• 
Toxins
• 
Thrombosis, pulmonary
• 
Thrombosis, coronary
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Recommendation-Specific Supportive Text
1. “CPR mode” is available on some hospital beds 

to stiffen the mattress during CPR. Manikin mod-
els 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 compen-
sate for mattress compression.53–59

3. Meta-analysis of 6 studies53,56,60–63 showed a 3-mm 
(95% CI 1–4 mm) improvement in chest compres-
sion depth associated with backboard use when 
CPR was performed on a manikin placed on a mat-
tress or bed.

Opening the Airway

Recommendations for Opening the Airway

COR LOE Recommendations

1 C-LD
1.  Unless a cervical spine injury is suspected, use a 

head tilt–chin lift maneuver to open the airway.64

1 C-EO
2.  For the trauma patient with suspected cervical 

spinal injury, use a jaw thrust without head tilt 
to open the airway.

1 C-EO
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 retro-
spective cohort study evaluated various head-tilt 
angles in neonates and young infants undergo-
ing 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 regres-
sion analysis.64

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 effec-
tive 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 impor-
tance of a patent airway, using a head tilt–chin 
lift maneuver is recommended.

Figures  4, 5, 6, and 7 show, respectively, an info-
graphic for pediatric BLS for lay rescuers, the current 
pediatric BLS algorithms for healthcare provider, sin-
gle-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 respira-
tory 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 re-
quires interruptions in chest compressions and is associ-
ated with risk of aspiration and barotrauma.

Advanced airway interventions, such as supraglot-
tic airway (SGA) placement or endotracheal intuba-
tion (ETI), may improve ventilation, reduce the risk of 
aspiration, and enable uninterrupted compression de-
livery. However, airway placement may interrupt the 
delivery of compressions or result in a malpositioned 
device. Advanced airway placement requires special-
ized equipment and skilled providers, and it may be 
difficult for professionals who do not routinely intu-
bate children.

Recommendation for Advanced Airway Interventions During CPR

COR LOE Recommendation

2a C-LD

1.  Bag-mask ventilation is reasonable compared 
with advanced airway interventions (SGA and 
ETI) in the management of children during 
cardiac arrest in the out-of-hospital setting.1–4

Recommendation-Specific Supportive Text
1. A clinical trial and 2 propensity-matched retro-

spective studies show that ETI and bag-mask 
ventilation achieve similar rates of survival with 
good neurological function and survival to hospi-
tal discharge in pediatric patients with OHCA.1–3 
Propensity-matched retrospective studies also 
show similar rates of survival with good neuro-
logical function and survival to discharge when 
comparing SGA with bag-mask ventilation in 
pediatric OHCA.2,3 No difference was observed 
in outcomes between SGA and ETI.2,3 There are 
limited data to compare outcomes between bag-
mask ventilation versus ETI in the management 
of IHCA,4 and there are no hospital-based stud-
ies of SGA. The data are not sufficient to sup-
port a recommendation for advanced airway use 
in IHCA. There may be specific circumstances or 
populations in which early advanced airway inter-
ventions are beneficial.

This recommendation was reviewed in the “2019 
American Heart Association Focused Update on Pediat-
ric Advanced Life Support: An Update to the American 
Heart Association Guidelines for Cardiopulmonary Re-
suscitation and Emergency Cardiovascular Care.”5
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DRUG ADMINISTRATION DURING CPR
Vasoactive agents, such as epinephrine, are used dur-
ing cardiac arrest to restore spontaneous circulation 
by optimizing coronary perfusion and maintaining ce-
rebral perfusion, but the benefit and optimal timing 
of administration remain unclear.1,2 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.3–7 However, there are spe-
cific circumstances when their administration is indi-
cated, 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 set-
ting. There are numerous approaches to estimating 
weight when an actual weight cannot be obtained.8

Drug Administration During Cardiac Arrest

Recommendations for Drug Administration During Cardiac Arrest

COR LOE Recommendations

2a C-LD

1.  For pediatric patients in any setting, it is 
reasonable to administer epinephrine. IV/
IO is preferable to endotracheal tube (ETT) 
administration.2,9–11

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.12–16

2a C-LD
3.  For pediatric patients in any setting, it is 

reasonable to administer epinephrine every 
3–5 min until ROSC is achieved.17,18

2b C-LD
4.  For shock-refractory VF/pVT, either 

amiodarone or lidocaine may be used.19,20

3: Harm B-NR

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.5–7,21–25

3: Harm B-NR

6.  Routine calcium administration is not 
recommended for pediatric cardiac arrest in 
the absence of documented hypocalcemia, 
calcium channel blocker overdose, 
hypermagnesemia, or hyperkalemia.3,4,23

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 epi-
nephrine 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 sur-
vivors received early chest compressions (within 5 

minutes) and early defibrillation (within 10 min-
utes), and the initial cardiac arrest rhythm was a 
shockable rhythm.9 Intravenous/intraosseous (IV/
IO) administration of epinephrine is preferred 
over ETT administration when possible.10,11

2. One retrospective observational study of children 
with IHCA who received epinephrine for an ini-
tial nonshockable rhythm demonstrated that, for 
every minute delay in administration of epineph-
rine, there was a significant decrease in ROSC, 
survival at 24 hours, survival to discharge, and 
survival with favorable neurological outcome.12 
Patients who received epinephrine within 5 min-
utes of CPR compared to those who received epi-
nephrine more than 5 minutes after CPR initiation 
were more likely to survive to discharge.12 Four 
observational studies of pediatric OHCA dem-
onstrated that earlier epinephrine administra-
tion increased rates of ROSC,13,14 survival to ICU 
admission,14 survival to discharge,14,16 and 30-day 
survival.15

3. 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.17 One observational study 
of pediatric IHCA demonstrated that an aver-
age 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.18 Both 
studies17,18 calculated the average interval of epi-
nephrine doses by averaging all doses over total 
arrest time, which does not account for potential 
differences in dosing intervals throughout resus-
citations of varying duration. No studies of pedi-
atric OHCA on frequency of epinephrine dosing 
were identified.

4. Two studies examined drug therapy of VF/pVT in 
infants and children.19,20 In Valdes et al, admin-
istration of lidocaine, but not amiodarone, was 
associated with higher rates of ROSC and survival 
to hospital admission.19 Neither lidocaine nor ami-
odarone 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 out-
comes for patients receiving lidocaine compared 
with amiodarone.20

5. A recent evidence review identified 8 observa-
tional studies of sodium bicarbonate adminis-
tration during cardiac arrest.5–7,21–25 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 
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sodium channel blocker toxicity, including from 
tricyclic antidepressants.

6. Two observational studies examining the 
administration of calcium during cardiac arrest 
demonstrated worse survival and ROSC with 
calcium administration.4,23 There are special 
circumstances in which calcium administration 
is used, such as hypocalcemia, calcium chan-
nel blocker overdose, hypermagnesemia, and 
hyperkalemia.3

Recommendation 4 was reviewed in “2018 Ameri-
can Heart Association Focused Update on Pediatric 
Advanced Life Support: An Update to the American 
Heart Association Guidelines for Cardiopulmonary Re-
suscitation and Emergency Cardiovascular Care.”26

Weight-Based Dosing of Resuscitation 
Medications

Recommendations for Weight-Based Dosing of Resuscitation 
Medications

COR LOE Recommendations

1 C-EO

1.  For resuscitation medication dosing, it is 
recommended to use the child’s body weight 
to calculate resuscitation drug doses while 
not exceeding the recommended dose for 
adults.27–31

2b B-NR

2.  When possible, inclusion of body habitus 
or anthropomorphic measurements may 
improve the accuracy of length-based 
estimated weight.8

2b C-LD

3.  If the child’s weight is unknown, a body 
length tape for estimating weight and other 
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 over-
weight or obese patients).27–29 However, there are 
no data about the safety and efficacy of adjust-
ing medication dosing in obese patients. Such 
adjustments could result in inaccurate dosing of 
medications.30,31

2. Several studies suggest that inclusion of body 
habitus or anthropometric measurements further 
refines and improves weight estimations using 
length-based measures.8 However, there is con-
siderable 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 approxi-
mation of body weight (described as being within 
10% to 20% of measured total body weight). 
Several recent studies demonstrated high vari-
ability of weight estimates, with a tendency 

toward underestimation of total body weight yet 
closely approximating ideal body weight.29,32,33
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MANAGEMENT OF VF/pVT
The risk of VF/pVT steadily increases throughout child-
hood 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 fa-
vorable 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 recogniz-
ing 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 at-
tenuate (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

2a C-LD

1.  It is reasonable to use an initial dose of 2–4 
J/kg of monophasic or biphasic energy for 
defibrillation, but, for ease of teaching, an 
initial dose of 2 J/kg may be considered.1–7

2b C-LD
2.  For refractory VF, it may be reasonable to 

increase the defibrillation dose to 4 J/kg.1–7

2b C-LD

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.1–7

Recommendation-Specific Supportive Text
1. 1, 2, and 3. A systematic review1 demonstrated 

no relationship between energy dose and any out-
come. No randomized controlled trials were avail-
able, 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 
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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 
asystole or pulseless electric activity, with no survi-
vors to hospital discharge.3 In 1 observational study 
of IHCA,4 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 IHCA3,5 and OHCA6 found no specific 
initial energy dose that was associated with success-
ful defibrillation. One study suggested that 2 J/kg 
was an ineffective dose, especially for secondary VF.7

Coordination of Shock and CPR

Recommendations for Coordination of Shock and CPR

COR LOE Recommendations

1 C-EO
1.  Perform CPR until the device is ready to 

deliver a shock.8–12

1 C-EO
2.  A single shock followed by immediate chest 

compressions is recommended for children 
with VF/pVT.13,14

1 C-EO
3.  Minimize interruptions of chest 

compressions.13,15

Recommendation-Specific Supportive Text
1. There are currently no pediatric data available 

regarding the optimal timing of CPR prior to 
defibrillation. Adult studies demonstrate no ben-
efit of a prolonged period of CPR prior to initial 
defibrillation.8–12

2. There are currently no pediatric data concerning 
the best sequence for coordination of shocks and 
CPR. Adult studies comparing a 1-shock proto-
col versus a 3-shock protocol for treatment of 
VF suggest significant survival benefit with the 
single-shock protocol.13,14

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

Defibrillator Paddle Size, Type, and 
Position

Recommendations for Defibrillator Paddle Size, Type, and Position

COR LOE Recommendations

1 C-EO

1.  Use the largest paddles or self-adhering 
electrodes that will fit on the child’s chest 
while still maintaining good separation 
between the pads/paddles.16–18

2b C-LD
2.  When affixing self-adhering pads, either 

anterior-lateral placement or anterior-posterior 
placement may be reasonable.7,19

2b C-LD
3.  Paddles and self-adhering pads may be 

considered equally effective in delivering 
electricity.20

Recommendation-Specific Supportive Text
1. Larger pad or paddle size decreases transthoracic 

impedance, which is a major determinant of cur-
rent delivery.16–18

2. One human and 1 porcine study demonstrated 
no significant difference in shock success or ROSC 
when comparing anterior-lateral with anterior-
posterior position.7,19

3. One study demonstrated no significant difference 
in median time to shock with paddles compared 
with self-adhesive pads.20

Type of Defibrillator

Recommendations for Type of Defibrillator

COR LOE Recommendations

1 C-LD
1.   When using an AED on infants and children 

<8 y old, use of a pediatric attenuator is 
recommended.21–32

1 C-EO

2.  For infants under the care of a trained 
healthcare provider, a manual defibrillator is 
recommended when a shockable rhythm is 
identified.33,34

2b C-EO

3.  If neither a manual defibrillator nor an AED 
equipped with a pediatric attenuator is 
available, an AED without a dose attenuator 
may be used.26–28,30,35

Recommendation-Specific Supportive Text
1. Shockable rhythms are infrequent in infants.21,22 

Studies of rhythm identification algorithms have 
demonstrated high specificity for shockable 
rhythms in infants and children.23–25 Although 
there are no direct comparisons between pediat-
ric attenuator and nonattenuator AED-delivered 
shocks, multiple case reports and case series doc-
ument shock success with survival when a pediat-
ric attenuator was used.26–32

2. There are no specific studies comparing manual 
defibrillators with AEDs in infants or children. 
Manual defibrillators are preferred for in-hospital 
use because the energy dose can be titrated to 
the patient’s weight. In adults, use of an AED in 
hospitals did not improve survival,33 and the peri-
shock pauses needed for rhythm analysis were 
prolonged.34

3. AEDs without pediatric modifications deliver 
120 to 360 Joules, exceeding the recommended 
dose for children weighing less than 25 kg. 
However, there are reports of safe and effective 
AED use in infants and young children when 
the dose exceeded 2 to 4 J/kg.26–28,30,35 Because 
defibrillation is the only 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.1–3 Noninvasive and invasive monitoring tech-
niques 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.4 End-tidal CO2 (ETCO2) 
reflects both the cardiac output produced and ventilation 
efficacy and may provide feedback on the quality of CPR.5 
A sudden rise in ETCO2 may be an early sign of ROSC.6 
CPR feedback devices (ie, coaching, audio, and audiovi-
sual 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.

Recommendations for the Assessment of Resuscitation Quality

COR LOE Recommendations

2a C-LD

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.4

2b C-LD

2.  ETCO2 monitoring may be considered to 
assess the quality of chest compressions, but 
specific values to guide therapy have not been 
established in children.7,8

2b C-EO

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.9,10

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.11–13

Recommendation-Specific Supportive Text
1. A prospective observational study of pediat-

ric patients with invasive arterial blood pressure 
monitoring during the first 10 minutes of CPR 
demonstrated higher rates of favorable neurolog-
ical outcome if the diastolic blood pressure was at 
least 25 mm Hg in infants and at least 30 mm Hg 
in children.4 Of note, the cut points for diastolic 
blood pressure tracings were analyzed using post 
hoc waveform analysis; therefore, prospective 
evaluation is needed.

2. A single-center, retrospective study of in-hospital 
CPR in infants found that ETCO2 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 asso-
ciation between mean ETCO2 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.9 One small observational study of 
8 children with IHCA did not find an association 
between CPR with or without audiovisual feed-
back 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 embo-
lism.11,12 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 lim-
ited echocardiography and cardiologists perform-
ing formal echocardiography.13
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EXTRACORPOREAL 
CARDIOPULMONARY RESUSCITATION
Extracorporeal cardiopulmonary resuscitation (ECPR) is 
defined as the rapid deployment of venoarterial extra-
corporeal membrane oxygenation (ECMO) for patients 
who do not achieve sustained ROSC. It is a resource-in-
tense, complex, multidisciplinary therapy that tradition-
ally 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 success-
ful, especially for IHCA with reversible causes.1 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.2–4

There are no studies of ECPR demonstrating im-
proved outcomes following pediatric OHCA.

Recommendation for the Use of Extracorporeal Cardiopulmonary 
Resuscitation

COR LOE Recommendation

2b C-LD

1.  ECPR may be considered for pediatric patients 
with cardiac diagnoses who have IHCA 
in settings with existing ECMO protocols, 
expertise, and equipment.5,6

Recommendation-Specific Supportive Text
1. One observational registry study of ECPR for pedi-

atric IHCA after cardiac surgery demonstrated that 
ECPR was associated with higher rates of survival to 
hospital discharge than conventional CPR.5 A pro-
pensity-matched analysis of ECPR compared with 
conventional CPR using the same registry found 
that ECPR was associated with favorable neurologi-
cal outcome in patients with IHCA of any etiology.6 
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 Pediat-
ric Advanced Life Support: An Update to the American 
Heart Association Guidelines for Cardiopulmonary Re-
suscitation and Emergency Cardiovascular Care.”7
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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 
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after ROSC. The components of post–cardiac arrest syn-
drome are (1) brain injury, (2) myocardial dysfunction, 
(3) systemic ischemia and reperfusion response, and (4) 
persistent precipitating pathophysiology.1,2 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 anticipat-
ing, 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 moni-
toring temperature. All forms of TTM avoid fever, and 
hypothermic TTM attempts to treat reperfusion syn-
drome by decreasing metabolic demand, reducing free 
radical production, and decreasing apoptosis.2

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

Post–Cardiac Arrest Targeted 
Temperature Management

Recommendations for Post–Cardiac Arrest Targeted Temperature 
Management

COR LOE Recommendations

1 A
1.  Continuous measurement of core 

temperature during TTM is recommended.3,4

2a B-R

2.  For infants and children between 24 h and 18 
yr of age who remain comatose after OHCA 
or 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.3,4

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.3,4 Hyperthermia was actively prevented 
with TTM. Continuous core temperature monitor-
ing 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 Pediat-
ric Advanced Life Support: An Update to the American 
Heart Association Guidelines for Cardiopulmonary Re-
suscitation and Emergency Cardiovascular Care.”5

Post–Cardiac Arrest Blood Pressure 
Management

Recommendations for Post–Cardiac Arrest Blood Pressure 
Management

COR LOE Recommendations

1 C-LD

1.   After ROSC, we recommend that parenteral 
fluids and/or vasoactive drugs be used to 
maintain a systolic blood pressure greater 
than the fifth percentile for age.6–9

1 C-EO

2.   When appropriate resources are available, 
continuous arterial pressure monitoring 
is recommended to identify and treat 
hypotension.6–9

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 fol-
lowing cardiac arrest is associated with decreased 
survival to discharge.6,7 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.8 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 sur-
vival to discharge.9 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

2b C-LD

1.   It may be reasonable for rescuers to target 
normoxemia after ROSC that is appropriate 
to the specific patient’s underlying 
condition.10–13

2b C-LD
2.   It may be reasonable for rescuers to wean 

oxygen to target an oxyhemoglobin 
saturation between 94% and 99%.10–12,14

2b C-LD

3.   It may be reasonable for practitioners to 
target a partial pressure of carbon dioxide 
(Paco2) after ROSC that is appropriate to 
the specific patient’s underlying condition, 
and limit exposure to severe hypercapnia or 
hypocapnia.10,11,14

Recommendation-Specific Supportive Text
1 and 2. Because an arterial oxyhemoglobin satura-

tion of 100% may correspond to a Pao2 between 
80 and approximately 500 mm Hg, it is reasonable 
to target an oxyhemoglobin saturation between 
94% and 99%. Three small observational studies 
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of pediatric IHCA and OHCA did not show an asso-
ciation between hyperoxemia and outcome.10,11,13 In 
a larger observational study of pediatric IHCA and 
OHCA patients, the presence of normoxemia com-
pared 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 asso-
ciated with increased mortality.11 One small observa-
tional study demonstrated no association between 
hypercapnia (Paco2 greater than 50 mm Hg) or hypo-
capnia (Paco2 less than 30 mm Hg) and outcome.10 
Another observational study of pediatric IHCA, 
showed hypercapnia (Paco2 50 mm Hg or greater) 
was associated with decreased survival to hospital 
discharge.14 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

Recommendations for Post–Cardiac Arrest EEG Monitoring and 
Seizure Treatment

COR LOE Recommendations

1 C-LD

1.   When resources are available, continuous 
electroencephalography (EEG) monitoring is 
recommended for the detection of seizures 
following cardiac arrest in patients with 
persistent encephalopathy.15–18

1 C-LD
2.   It is recommended to treat clinical seizures 

following cardiac arrest.19,20

2a C-EO
3.   It is reasonable to treat nonconvulsive 

status epilepticus following cardiac arrest in 
consultation with experts.19,20

Recommendation-Specific Supportive Text
1. Nonconvulsive seizures and nonconvulsive status 

epilepticus are common after pediatric cardiac 
arrest.15–18 The American Clinical Neurophysiology 
Society recommends continuous EEG monitor-
ing for encephalopathic patients after pediatric 
cardiac arrest.15 Nonconvulsive seizures and non-
convulsive status epilepticus cannot be detected 
without EEG monitoring.15

2 and 3. There is insufficient evidence to determine 
whether treatment of convulsive or nonconvul-
sive seizures improves neurological and/or func-
tional outcomes after pediatric cardiac arrest. 
Both convulsive and nonconvulsive status epilep-
ticus are associated with worse outcomes.17 The 
Neurocritical Care Society recommends treating 
status epilepticus with the goal of stopping con-
vulsive and electrographic seizure activity.19

Figure  8 shows the checklist for post–cardiac arrest 
care.
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PROGNOSTICATION FOLLOWING 
CARDIAC ARREST
Early and reliable prognostication of neurological out-
come in pediatric survivors of cardiac arrest is essential 
to guide treatment, enable effective planning, and pro-
vide family support. Clinicians use patient and cardiac 
arrest characteristics, postarrest neurological examina-
tion, laboratory results, neurological imaging (eg, brain 
computed tomography and MRI), and EEG to guide 
prognostication. At this time, no single factor or vali-
dated decision rule has been identified to reliably pre-
dict 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.

Recommendations for Prognostication Following Cardiac Arrest

COR LOE Recommendations

2a B-NR
1.  EEG in the first week post cardiac arrest can 

be useful as 1 factor for prognostication, 
augmented by other information.1–8

2a B-NR

2.  It is reasonable for providers to consider 
multiple factors when predicting outcomes 
in infants and children who survive cardiac 
arrests.1,7,9–21

2a B-NR

3.  It is reasonable for providers to consider 
multiple factors when predicting outcomes 
in infants and children who survive cardiac 
arrests after nonfatal drowning (ie, survival to 
hospital admission).22–39

Recommendation-Specific Supportive Text
1. Eight retrospective observational studies demon-

strate that EEG background patterns are associ-
ated with neurological outcomes at discharge.1–8 
The presence of sleep spindles,3,4,8 normal back-
ground,2 and reactivity7,8 is associated with 
favorable outcomes. Burst suppression and flat 
or attenuated EEG patterns are associated with 
unfavorable neurological outcome.1,2,5,8 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 clini-
cal history, patient characteristics, physical examina-
tion, imaging, and biomarker data with neurological 
outcome following cardiac arrest.1,7,9–19 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 unfa-
vorable outcome;9,11,12,16–18,20,21 however, specific 
cutoff values are unknown.

3. Shorter submersion times are associated with 
better outcomes after pediatric nonfatal drown-
ing.22–25 There is no clear association between 
patient age,23,26–31,38water type,30,32,33 water tem-
perature,23,25,34,35 emergency medical services 
response times35,36 or witnessed status,36–39 and 
neurological outcome following nonfatal drown-
ing. No single factor accurately predicts prognosis 
after nonfatal drowning.

REFERENCES
 1. Brooks GA, Park JT. Clinical and Electroencephalographic Correlates in 

Pediatric Cardiac Arrest: Experience at a Tertiary Care Center. Neuropedi-
atrics. 2018;49:324–329. doi: 10.1055/s-0038-1657757

 2. Topjian AA, Sánchez SM, Shults J, Berg RA, Dlugos DJ, Abend NS. 
Early Electroencephalographic Background Features Predict Outcomes 
in Children Resuscitated From Cardiac Arrest. Pediatr Crit Care Med. 
2016;17:547–557. doi: 10.1097/PCC.0000000000000740

 3. Ostendorf AP, Hartman ME, Friess SH. Early Electroencephalographic 
Findings Correlate With Neurologic Outcome in Children Follow-
ing Cardiac Arrest. Pediatr Crit Care Med. 2016;17:667–676. doi: 
10.1097/PCC.0000000000000791

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

October 20, 2020 Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901S496

 4. Ducharme-Crevier L, Press CA, Kurz JE, Mills MG, Goldstein JL, 
Wainwright MS. Early Presence of Sleep Spindles on Electroencephalogra-
phy Is Associated With Good Outcome After Pediatric Cardiac Arrest. Pediatr 
Crit Care Med. 2017;18:452–460. doi: 10.1097/PCC.0000000000001137

 5. Bourgoin P, Barrault V, Joram N, Leclair Visonneau L, Toulgoat F, Anthoine E, 
Loron G, Chenouard A. The Prognostic Value of Early Amplitude-Integrated 
Electroencephalography Monitoring After Pediatric Cardiac Arrest. Pediatr 
Crit Care Med. 2020;21:248–255. doi: 10.1097/PCC.0000000000002171

 6. Lee S, Zhao X, Davis KA, Topjian AA, Litt B, Abend NS. Quantita-
tive EEG predicts outcomes in children after cardiac arrest. Neurology. 
2019;92:e2329–e2338. doi: 10.1212/WNL.0000000000007504

 7. Yang D, Ryoo E, Kim HJ. Combination of Early EEG, Brain CT, and 
Ammonia Level Is Useful to Predict Neurologic Outcome in Children 
Resuscitated From Cardiac Arrest. Front Pediatr. 2019;7:223. doi: 
10.3389/fped.2019.00223

 8. Fung FW, Topjian AA, Xiao R, Abend NS. Early EEG Features for Out-
come Prediction After Cardiac Arrest in Children. J Clin Neurophysiol. 
2019;36:349–357. doi: 10.1097/WNP.0000000000000591

 9. Meert K, Telford R, Holubkov R, Slomine BS, Christensen JR, Berger J, 
Ofori-Amanfo G, Newth CJL, Dean JM, Moler FW. Paediatric in-hospital 
cardiac arrest: Factors associated with survival and neurobehavioural out-
come one year later. Resuscitation. 2018;124:96–105. doi: 10.1016/j. 
resuscitation.2018.01.013

 10. Ichord R, Silverstein FS, Slomine BS, Telford R, Christensen J, Holubkov R, 
Dean JM, Moler FW; THAPCA Trial Group. Neurologic outcomes in pe-
diatric cardiac arrest survivors enrolled in the THAPCA trials. Neurology. 
2018;91:e123–e131. doi: 10.1212/WNL.0000000000005773

 11. Meert KL, Telford R, Holubkov R, Slomine BS, Christensen JR, Dean JM, 
Moler FW; Therapeutic Hypothermia after Pediatric Cardiac Arrest (THAP-
CA) Trial Investigators. Pediatric Out-of-Hospital Cardiac Arrest Charac-
teristics and Their Association With Survival and Neurobehavioral Out-
come. Pediatr Crit Care Med. 2016;17:e543–e550. doi: 10.1097/PCC. 
0000000000000969

 12. Del Castillo J, López-Herce J, Matamoros M, Cañadas S, Rodríguez-Calvo A, 
Cecchetti C, Rodriguez-Núñez A, Álvarez AC; Iberoamerican Pediatric Car-
diac Arrest Study Network RIBEPCI. Long-term evolution after in-hospital 
cardiac arrest in children: Prospective multicenter multinational study. Re-
suscitation. 2015;96:126–134. doi: 10.1016/j.resuscitation.2015.07.037

 13. Topjian AA, Telford R, Holubkov R, Nadkarni VM, Berg RA, Dean JM, 
Moler FW; Therapeutic Hypothermia After Pediatric Cardiac Arrest (THAP-
CA) Trial Investigators. Association of Early Postresuscitation Hypoten-
sion With Survival to Discharge After Targeted Temperature Manage-
ment for Pediatric Out-of-Hospital Cardiac Arrest: Secondary Analysis 
of a Randomized Clinical Trial. JAMA Pediatr. 2018;172:143–153. doi: 
10.1001/jamapediatrics.2017.4043

 14. Conlon TW, Falkensammer CB, Hammond RS, Nadkarni VM, Berg RA, 
Topjian AA. Association of left ventricular systolic function and vaso-
pressor support with survival following pediatric out-of-hospital cardiac 
arrest. Pediatr Crit Care Med. 2015;16:146–154. doi: 10.1097/pcc. 
0000000000000305

 15. Starling RM, Shekdar K, Licht D, Nadkarni VM, Berg RA, Topjian AA. Early 
Head CT Findings Are Associated With Outcomes After Pediatric Out-of-
Hospital Cardiac Arrest. Pediatr Crit Care Med. 2015;16:542–548. doi: 
10.1097/PCC.0000000000000404

 16. Alsoufi B, Awan A, Manlhiot C, Guechef A, Al-Halees Z, Al-Ahmadi M, 
McCrindle BW, Kalloghlian A. Results of rapid-response extracorporeal 
cardiopulmonary resuscitation in children with refractory cardiac arrest 
following cardiac surgery. Eur J Cardiothorac Surg. 2014;45:268–275. doi: 
10.1093/ejcts/ezt319

 17. Polimenakos AC, Rizzo V, El-Zein CF, Ilbawi MN. Post-cardiotomy Rescue 
Extracorporeal Cardiopulmonary Resuscitation in Neonates with Single 
Ventricle After Intractable Cardiac Arrest: Attrition After Hospital Dis-
charge and Predictors of Outcome. Pediatr Cardiol. 2017;38:314–323. 
doi: 10.1007/s00246-016-1515-3

 18. Scholefield BR, Gao F, Duncan HP, Tasker RC, Parslow RC, Draper ES, 
McShane P, Davies P, Morris KP. Observational study of children admitted 
to United Kingdom and Republic of Ireland Paediatric Intensive Care Units 
after out-of-hospital cardiac arrest. Resuscitation. 2015;97:122–128. doi: 
10.1016/j.resuscitation.2015.07.011

 19. Kramer P, Miera O, Berger F, Schmitt K. Prognostic value of serum 
biomarkers of cerebral injury in classifying neurological outcome af-
ter paediatric resuscitation. Resuscitation. 2018;122:113–120. doi: 
10.1016/j.resuscitation.2017.09.012

 20. López-Herce J, del Castillo J, Matamoros M, Canadas S, Rodriguez- 
Calvo A, Cecchetti C, Rodríguez-Núnez A, Carrillo Á; Iberoameri-
can Pediatric Cardiac Arrest Study Network RIBEPCI. Post return of 
spontaneous circulation factors associated with mortality in pediat-
ric in-hospital cardiac arrest: a prospective multicenter multinational 
observational study. Crit Care. 2014;18:607. doi: 10.1186/s13054- 
014-0607-9

 21. Topjian AA, Clark AE, Casper TC, Berger JT, Schleien CL, Dean JM, 
Moler FW; Pediatric Emergency Care Applied Research Network. Early lac-
tate elevations following resuscitation from pediatric cardiac arrest are as-
sociated with increased mortality*. Pediatr Crit Care Med. 2013;14:e380–
e387. doi: 10.1097/PCC.0b013e3182976402

 22. Kyriacou DN, Arcinue EL, Peek C, Kraus JF. Effect of immediate resuscita-
tion on children with submersion injury. Pediatrics. 1994;94(2 Pt 1):137–
142.

 23. Suominen P, Baillie C, Korpela R, Rautanen S, Ranta S, Olkkola KT. 
Impact of age, submersion time and water temperature on outcome in 
near-drowning. Resuscitation. 2002;52:247–254. doi: 10.1016/s0300- 
9572(01)00478-6

 24. Panzino F, Quintillá JM, Luaces C, Pou J. [Unintentional drowning by 
immersion. Epidemiological profile of victims attended in 21 Span-
ish emergency departments]. An Pediatr (Barc). 2013;78:178–184. doi: 
10.1016/j.anpedi.2012.06.014

 25. Quan L, Mack CD, Schiff MA. Association of water temperature and sub-
mersion duration and drowning outcome. Resuscitation. 2014;85:790–
794. doi: 10.1016/j.resuscitation.2014.02.024

 26. Frates RC Jr. Analysis of predictive factors in the assessment of warm-
water near-drowning in children. Am J Dis Child. 1981;135:1006–1008. 
doi: 10.1001/archpedi.1981.02130350010004

 27. Nagel FO, Kibel SM, Beatty DW. Childhood near-drowning–factors associ-
ated with poor outcome. S Afr Med J. 1990;78:422–425.

 28. Quan L, Wentz KR, Gore EJ, Copass MK. Outcome and predictors of out-
come in pediatric submersion victims receiving prehospital care in King 
County, Washington. Pediatrics. 1990;86:586–593.

 29. Niu YW, Cherng WS, Lin MT, Tsao LY. An analysis of prognostic factors for 
submersion accidents in children. Zhonghua Min Guo Xiao Er Ke Yi Xue 
Hui Za Zhi. 1992;33:81–88.

 30. Mizuta R, Fujita H, Osamura T, Kidowaki T, Kiyosawa N. Childhood drown-
ings and near-drownings in Japan. Acta Paediatr Jpn. 1993;35:186–192. 
doi: 10.1111/j.1442-200x.1993.tb03036.x

 31. Al-Mofadda SM, Nassar A, Al-Turki A, Al-Sallounm AA. Pediatric near 
drowning: the experience of King Khalid University Hospital. Ann Saudi 
Med. 2001;21:300–303. doi: 10.5144/0256-4947.2001.300

 32. Forler J, Carsin A, Arlaud K, Bosdure E, Viard L, Paut O, Camboulives J, 
Dubus JC. [Respiratory complications of accidental drownings in children]. 
Arch Pediatr. 2010;17:14–18. doi: 10.1016/j.arcped.2009.09.021

 33. Al-Qurashi FO, Yousef AA, Aljoudi A, Alzahrani SM, Al-Jawder NY, 
Al-Ahmar AK, Al-Majed MS, Abouollo HM. A Review of Nonfatal Drown-
ing in the Pediatric-Age Group: A 10-Year Experience at a University 
Hospital in Saudi Arabia. Pediatr Emerg Care. 2019;35:782–786. doi: 
10.1097/PEC.0000000000001232

 34. Kieboom JK, Verkade HJ, Burgerhof JG, Bierens JJ, Rheenen PF, 
Kneyber MC, Albers MJ. Outcome after resuscitation beyond 30 minutes in 
drowned children with cardiac arrest and hypothermia: Dutch nationwide 
retrospective cohort study. BMJ. 2015;350:h418. doi: 10.1136/bmj.h418

 35. Claesson A, Lindqvist J, Ortenwall P, Herlitz J. Characteristics of life-
saving from drowning as reported by the Swedish Fire and Res-
cue Services 1996–2010. Resuscitation. 2012;83:1072–1077. doi: 
10.1016/j.resuscitation.2012.05.025

 36. Claesson A, Svensson L, Silfverstolpe J, Herlitz J. Characteris-
tics and outcome among patients suffering out-of-hospital car-
diac arrest due to drowning. Resuscitation. 2008;76:381–387. doi: 
10.1016/j.resuscitation.2007.09.003

 37. Dyson K, Morgans A, Bray J, Matthews B, Smith K. Drowning related out-
of-hospital cardiac arrests: characteristics and outcomes. Resuscitation. 
2013;84:1114–1118. doi: 10.1016/j.resuscitation.2013.01.020

 38. Nitta M, Kitamura T, Iwami T, Nadkarni VM, Berg RA, Topjian AA, 
Okamoto Y, Nishiyama C, Nishiuchi T, Hayashi Y, Nishimoto Y, Takasu A. 
Out-of-hospital cardiac arrest due to drowning among children and adults 
from the Utstein Osaka Project. Resuscitation. 2013;84:1568–1573. doi: 
10.1016/j.resuscitation.2013.06.017

 39. Claesson A, Lindqvist J, Herlitz J. Cardiac arrest due to drowning–
changes over time and factors of importance for survival. Resuscitation. 
2014;85:644–648. doi: 10.1016/j.resuscitation.2014.02.006

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901 October 20, 2020 S497

POST–CARDIAC ARREST RECOVERY
Survivors are at significant risk for both short-term and 
long-term physical, neurological, cognitive, emotional, 
and social morbidity.3 Many children who survive a car-
diac arrest with a grossly “favorable outcome” have more 
subtle and sustained neuropsychological impairment.4 
The full impact of brain injury on children’s development 
may not be fully appreciated until months to years af-
ter 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 
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 neuro-
logical and health-related quality-of-life outcomes.5,6

Recommendations for Post–Cardiac Arrest Recovery

COR LOE Recommendations

1 C-LD
1.  It is recommended that pediatric cardiac 

arrest survivors be evaluated for rehabilitation 
services.4,7–11

2a C-LD

2.   It is reasonable to refer pediatric cardiac 
arrest survivors for ongoing neurological 
evaluation for at least the first year after cardiac 
arrest.3,5,10–15

Recommendation-Specific Supportive Text
1. Two randomized controlled trials of TTM for 

comatose children after IHCA or OHCA with a pri-
mary outcome of neurobehavioral outcome at 1 
year7,8 showed that new morbidity is common.9–11 
Many children who survived to 1 year with a 

Figure 9. Road map to recovery.3
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favorable neurobehavioral outcome on Vineland 
Adaptive Behavior Scales-II (VABS-II) had global 
cognitive impairment or selective neuropsycho-
logical deficits.4

2. Two randomized controlled trials of TTM for pedi-
atric cardiac arrest demonstrated that neurological 
function improves for some survivors during the 
first year after cardiac arrest.10,11 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.3,5,6,15 It 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 depres-
sion and more constructive grief behaviors among par-
ents who were present when their child died.1

Recommendations for Family Presence During Resuscitation

COR LOE Recommendations

1 B-NR
1.  Whenever possible, provide family members 

with the option of being present during the 
resuscitation of their infant or child.2–10

1 B-NR

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.11,12

1 C-LD

3.  If the presence of family members is 
considered detrimental to the resuscitation, 
family members should be asked in a 
respectful manner to leave.13,14

Recommendation-Specific Supportive Text
1. Qualitative studies generally show that there can 

be benefits for families if they are permitted to be 
present during the resuscitation of their children. 
Parents stated that they believed their presence 
brought their child comfort and that it helped them 
to adjust to the loss of their child.2 Other surveys 
of parents reported that they desired to be pres-
ent to understand what was happening, to know 
that all that could be done was being done, and to 
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keep physical contact with their child.3,4 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 fam-
ily, interference with procedures, impact on tech-
nical performance, and concern for teaching and 
clinical decision-making, but these have not been 
supported by the available evidence.6–8 Experienced 
providers are more likely than trainees to support 
family presence.9,10

2. The presence of a facilitator to support the family 
is helpful.11,12 It 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.13 Providers with 
significant experience with family presence 
acknowledge occasional negative experiences.14
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EVALUATION OF SUDDEN 
UNEXPLAINED CARDIAC ARREST
Hypertrophic cardiomyopathy, coronary artery anoma-
lies, and arrhythmias are common causes of sudden un-
explained 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.1–4 Postmortem genet-
ic evaluation (“molecular autopsy”) is increasingly used 
to inform etiology of sudden unexplained cardiac arrest.5 
In addition to providing an explanation for the arrest, ge-
netic 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 C-EO

1.  All infants, children, and adolescents with 
sudden unexpected cardiac arrest should, 
when resources allow, have an unrestricted, 
complete autopsy, preferably performed by 
a pathologist with training and experience 
in cardiovascular pathology. Consider 
appropriate preservation of biological material 
for genetic analysis to determine the presence 
of inherited cardiac disease.6–21

1 C-EO

2.  Refer families of patients who do not have 
a cause of death found on autopsy to a 
healthcare provider or center with expertise in 
inherited cardiac disease and cardiac genetic 
counseling.6–12,17,18,20–25

1 C-EO

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

nelopathies were identified in 2% to 10% of 
infants with sudden infant death syndrome.6–12 
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.13–21
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2. In 7 cohort studies17,18,20,22–25 and 1 population-based 
study21 of screening using clinical and laboratory 
(electrocardiographic, molecular genetic screening) 
investigations, 14% to 53% of first- and second-
degree relatives of patients with sudden unexplained 
cardiac arrest had inherited, arrhythmogenic disor-
ders. In 7 cohort studies, mutations causing chan-
nelopathies were identified in 2% to 10% of infants 
with sudden infant death syndrome.6–12

3. Several cohort studies report the utility of obtain-
ing 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 pop-
ulation-based study reported relevant clinical 
symptoms or medical comorbidities, such as sei-
zure, 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, 
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including shock due to hemorrhage. Distributive, car-
diogenic, and obstructive shock occur less frequently. 
Often, multiple types of shock can occur simultaneous-
ly; 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 in-
creased systemic vascular resistance (vasoconstriction) 
in an effort to maintain cardiac output and end-organ 
perfusion. As compensatory mechanisms fail, hypoten-
sion and signs of inadequate end-organ perfusion de-
velop, such as depressed mental status, decreased urine 
output, lactic acidosis, and weak central pulses.

Early administration of intravenous fluids to treat 
septic shock has been widely accepted based on limited 
evidence. Mortality from pediatric sepsis has declined in 
recent years, concurrent with implementation of guide-
lines emphasizing the role of early antibiotic and fluid 
administration.1 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 guidelines2 
have considered large studies of patients with malaria, 
sickle cell anemia, and dengue shock syndrome; howev-
er, these patients require special consideration that make 
generalization of results from these studies problematic.

Resuscitation guidance for children with hemor-
rhagic shock is evolving, as crystalloid-then-blood para-
digms 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

Recommendations for Fluid Resuscitation in Shock

COR LOE Recommendations

1 C-LD
1.  Providers should reassess the patient after every 

fluid bolus to assess for fluid responsiveness 
and for signs of volume overload.3–5

2a B-R
2.  Either isotonic crystalloids or colloids can 

be effective as the initial fluid choice for 
resuscitation.6

2a B-NR
3.  Either balanced or unbalanced solutions 

can be effective as the fluid choice for 
resuscitation.7–9

2a C-LD
4.  In patients with septic shock, it is reasonable 

to administer fluid in 10-mL/kg or 20-mL/kg 
aliquots with frequent reassessment.4

Recommendation-Specific Supportive Text
1. Although fluids remain the mainstay initial ther-

apy for infants and children in shock, especially in 

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 volumes4 or faster fluid resuscitation5 
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 crystal-
loid fluid resuscitation in patients with malaria, 
dengue shock syndrome, or “febrile illness” in 
sub-Saharan Africa.6 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 com-
pared the use of balanced (lactated Ringer’s 
solution) to unbalanced (0.9% saline) crystal-
loid solutions as the initial resuscitation fluid and 
showed no difference in relevant clinical outcomes.7 
A matched retrospective cohort study of pediatric 
patients with septic shock showed no difference 
in outcomes,8 though a propensity-matched data-
base study showed an association with increased 
72-hour mortality and vasoactive infusion days with 
unbalanced crystalloid fluid resuscitation.9

4. In a small, randomized controlled study, there 
were no significant differences in outcomes with 
the use of 20 mL/kg as the initial fluid bolus vol-
ume (compared with 10 mL/kg); however, the 
study was limited by a small sample size.4

Resuscitating a Patient in Septic Shock

Recommendations for Resuscitating a Patient in Septic Shock

COR LOE Recommendations

2a C-LD

1.  In infants and children with fluid-refractory 
septic shock, it is reasonable to use either 
epinephrine or norepinephrine as an initial 
vasoactive infusion.1,10–14

2a C-EO

2.  For infants 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.15

2b B-NR

3.  For infants and children with septic shock 
unresponsive to fluids and requiring 
vasoactive support, it may be reasonable to 
consider stress-dose corticosteroids.12,16–19

2b C-LD

4.  In infants and children with fluid-
refractory septic shock, if epinephrine or 
norepinephrine are unavailable, dopamine 
may be considered.10–12

Recommendation-Specific Supportive Text
1. Two randomized controlled trials comparing escalat-

ing doses of dopamine or epinephrine demonstrated 
improvement in timing of resolution of shock10 and 
28-day mortality11 with the use of epinephrine 
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over dopamine. Both studies were conducted in 
resource-limited settings, and the doses of inotro-
pes 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.1,12–14 
Recent international sepsis guidelines recommend 
the choice of the medications to be guided by 
patient physiology and clinician preferences.1

2. No studies support deviations from standard life-
support algorithms to improve outcomes in patients 
with sepsis-associated cardiac arrest. Sepsis-
associated cardiac arrest is associated with worse 
outcomes than other causes of cardiac arrest.15

3. A meta-analysis20 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.17 
Two observational studies18,19 suggested there may 
be specific subpopulations, based on genomics, that 
would either benefit or experience harm from ste-
roid 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 alterna-
tive initial vasoactive infusion in patients with fluid-
refractory septic shock.10,11 Patients with vasodilatory 
shock may require a higher dose of dopamine.12

Resuscitating the Patient in Cardiogenic 
Shock

Recommendations for Resuscitating the Patient in Cardiogenic Shock

COR LOE Recommendations

1 C-EO
1.  For infants and children with cardiogenic 

shock, early expert consultation is 
recommended.

2b C-EO

2.  For infants and children with cardiogenic 
shock, it may be reasonable to use 
epinephrine, 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 mortal-
ity rates. No studies were identified comparing 
outcomes between vasoactive medications. For 
patients with hypotension, medications such as 
epinephrine may be more appropriate as an initial 
inotropic therapy. Because of the rarity and com-
plexity of these presentations, expert consultation 
is recommended when managing infants and chil-
dren in cardiogenic shock.

Resuscitating the Patient in Traumatic 
Hemorrhagic Shock

Recommendation for Resuscitating the Patient in Traumatic 
Hemorrhagic Shock

COR LOE Recommendation

2a C-EO

1.  Among infants and children with hypotensive 
hemorrhagic shock following trauma, it is 
reasonable to administer blood products, 
when available, instead of crystalloid for 
ongoing volume resuscitation.21–27

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 hem-
orrhagic shock21–25,28 Four studies reported no dif-
ferences in survival to 24 hours, survival at 30 days 
with good neurological outcome, or survival to 
discharge.21,24,25,28 Large-volume resuscitation was 
associated with increased hospital/ICU length of 
stay in 5 of the 6 studies.22–25,28 One study reported 
lower survival to hospital discharge among children 
who received more than 60 mL/kg crystalloid com-
pared to lower volume groups.22 Despite limited 
pediatric data, recent guidelines for adults from the 
Eastern Association for the Surgery of Trauma,26 the 
American College of Surgeons, and the National 
Institute for Health and Care Excellence27 suggest 
the early use of balanced ratios of packed red blood 
cells, fresh frozen plasma, and platelets for trauma-
related hemorrhagic shock.29

REFERENCES
 1. Weiss SL, Peters MJ, Alhazzani W, Agus MSD, Flori HR, Inwald DP, Nadel S, 

Schlapbach LJ, Tasker RC, Argent AC, Brierley J, Carcillo J, Carrol ED, 
Carroll CL, Cheifetz IM, Choong K, Cies JJ, Cruz AT, De Luca D, Deep A, 
Faust SN, De Oliveira CF, Hall MW, Ishimine P, Javouhey E, Joosten KFM, 
Joshi P, Karam O, Kneyber MCJ, Lemson J, MacLaren G, Mehta NM, 
Møller MH, Newth CJL, Nguyen TC, Nishisaki A, Nunnally ME, Parker MM, 
Paul RM, Randolph AG, Ranjit S, Romer LH, Scott HF, Tume LN, Verger JT, 
Williams EA, Wolf J, Wong HR, Zimmerman JJ, Kissoon N, Tissieres P. Surviv-
ing Sepsis Campaign International Guidelines for the Management of Sep-
tic Shock and Sepsis-Associated Organ Dysfunction in Children. Pediatr Crit 
Care Med. 2020;21:e52–e106. doi: 10.1097/PCC.0000000000002198

 2. de Caen AR, Berg MD, Chameides L, Gooden CK, Hickey RW, Scott HF, 
Sutton RM, Tijssen JA, Topjian A, van der Jagt EW, et al. Part 12: pe-
diatric advanced life support: 2015 American Heart Association Guide-
lines Update for Cardiopulmonary Resuscitation and Emergency Car-
diovascular Care. Circulation. 2015;132(suppl 2):S526–S542. doi: 
10.1161/CIR.0000000000000266

 3. van Paridon BM, Sheppard C, Garcia Guerra G, Joffe AR; on behalf of 
the Alberta Sepsis Network. Timing of antibiotics, volume, and vasoac-
tive infusions in children with sepsis admitted to intensive care. Crit Care. 
2015;19:293. doi: 10.1186/s13054-015-1010-x

 4. Inwald DP, Canter R, Woolfall K, Mouncey P, Zenasni Z, O’Hara C, 
Carter A, Jones N, Lyttle MD, Nadel S, et al; on behalf of PERUKI (Paedi-
atric Emergency Research in the UK and Ireland) and PICS SG (Paediatric 

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901 October 20, 2020 S503

Intensive Care Society Study Group). Restricted fluid bolus volume in 
early septic shock: results of the Fluids in Shock pilot trial. Arch Dis Child. 
2019;104:426–431. doi: 10.1136/archdischild-2018–314924

 5. Sankar J, Ismail J, Sankar MJ, C P S, Meena RS. Fluid Bolus Over 15-20 
Versus 5-10 Minutes Each in the First Hour of Resuscitation in Children 
With Septic Shock: A Randomized Controlled Trial. Pediatr Crit Care Med. 
2017;18:e435–e445. doi: 10.1097/PCC.0000000000001269

 6. Medeiros DN, Ferranti JF, Delgado AF, de Carvalho WB. Colloids for the 
Initial Management of Severe Sepsis and Septic Shock in Pediatric Pa-
tients: A Systematic Review. Pediatr Emerg Care. 2015;31:e11–e16. doi: 
10.1097/PEC.0000000000000601

 7. Balamuth F, Kittick M, McBride P, Woodford AL, Vestal N, Casper TC, 
Metheney M, Smith K, Atkin NJ, Baren JM, Dean JM, Kuppermann N, 
Weiss SL. Pragmatic Pediatric Trial of Balanced Versus Normal Saline Fluid 
in Sepsis: The PRoMPT BOLUS Randomized Controlled Trial Pilot Feasibility 
Study. Acad Emerg Med. 2019;26:1346–1356. doi: 10.1111/acem.13815

 8. Weiss SL, Keele L, Balamuth F, Vendetti N, Ross R, Fitzgerald JC, 
Gerber JS. Crystalloid Fluid Choice and Clinical Outcomes in Pediatric Sep-
sis: A Matched Retrospective Cohort Study. J Pediatr. 2017;182:304–310.
e10. doi: 10.1016/j.jpeds.2016.11.075

 9. Emrath ET, Fortenberry JD, Travers C, McCracken CE, Hebbar KB. Re-
suscitation With Balanced Fluids Is Associated With Improved Survival 
in Pediatric Severe Sepsis. Crit Care Med. 2017;45:1177–1183. doi: 
10.1097/CCM.0000000000002365

 10. Ventura AM, Shieh HH, Bousso A, Góes PF, de Cássia F O Fernandes I, 
de Souza DC, Paulo RL, Chagas F, Gilio AE. Double-Blind Prospective Ran-
domized Controlled Trial of Dopamine Versus Epinephrine as First-Line 
Vasoactive Drugs in Pediatric Septic Shock. Crit Care Med. 2015;43:2292–
2302. doi: 10.1097/CCM.0000000000001260

 11. Ramaswamy KN, Singhi S, Jayashree M, Bansal A, Nallasamy K. Double-
Blind Randomized Clinical Trial Comparing Dopamine and Epinephrine 
in Pediatric Fluid-Refractory Hypotensive Septic Shock. Pediatr Crit Care 
Med. 2016;17:e502–e512. doi: 10.1097/PCC.0000000000000954

 12. Davis AL, Carcillo JA, Aneja RK, Deymann AJ, Lin JC, Nguyen TC, 
Okhuysen-Cawley RS, Relvas MS, Rozenfeld RA, Skippen PW, Stojadinovic BJ, 
Williams EA, Yeh TS, Balamuth F, Brierley J, de Caen AR, Cheifetz IM, Choong K, 
Conway E Jr, Cornell T, Doctor A, Dugas MA, Feldman JD, Fitzgerald JC, 
Flori HR, Fortenberry JD, Graciano AL, Greenwald BM, Hall MW, Han YY, 
Hernan LJ, Irazuzta JE, Iselin E, van der Jagt EW, Jeffries HE, Kache S, Katyal C, 
Kissoon N, Kon AA, Kutko MC, MacLaren G, Maul T, Mehta R, Odetola F, 
Parbuoni K, Paul R, Peters MJ, Ranjit S, Reuter-Rice KE, Schnitzler EJ, Scott HF, 
Torres A Jr, Weingarten-Arams J, Weiss SL, Zimmerman JJ, Zuckerberg AL. 
American College of Critical Care Medicine Clinical Practice Parameters 
for Hemodynamic Support of Pediatric and Neonatal Septic Shock. Crit 
Care Med. 2017;45:1061–1093. doi: 10.1097/CCM.0000000000002425

 13. Lampin ME, Rousseaux J, Botte A, Sadik A, Cremer R, Leclerc F. Nor-
adrenaline use for septic shock in children: doses, routes of adminis-
tration and complications. Acta Paediatr. 2012;101:e426–e430. doi: 
10.1111/j.1651-2227.2012.02725.x

 14. Deep A, Goonasekera CD, Wang Y, Brierley J. Evolution of haemodynam-
ics and outcome of fluid-refractory septic shock in children. Intensive Care 
Med. 2013;39:1602–1609. doi: 10.1007/s00134-013-3003-z

 15. Del Castillo J, López-Herce J, Cañadas S, Matamoros M, Rodríguez-Núnez A, 
Rodríguez-Calvo A, Carrillo A; Iberoamerican Pediatric Cardiac Arrest 
Study Network RIBEPCI. Cardiac arrest and resuscitation in the pediatric 
intensive care unit: a prospective multicenter multinational study. Resusci-
tation. 2014;85:1380–1386. doi: 10.1016/j.resuscitation.2014.06.024

 16. Menon K, Ward RE, Lawson ML, Gaboury I, Hutchison JS, Hébert PC; 
Canadian Critical Care Trials Group. A prospective multicenter study 
of adrenal function in critically ill children. Am J Respir Crit Care Med. 
2010;182:246–251. doi: 10.1164/rccm.200911-1738OC

 17. El-Nawawy A, Khater D, Omar H, Wali Y. Evaluation of Early Corticoste-
roid Therapy in Management of Pediatric Septic Shock in Pediatric In-
tensive Care Patients: A Randomized Clinical Study. Pediatr Infect Dis J. 
2017;36:155–159. doi: 10.1097/INF.0000000000001380

 18. Wong HR, Atkinson SJ, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, 
Bigham MT, Weiss SL, Fitzgerald JC, Checchia PA, et al. Combining prog-
nostic and predictive enrichment strategies to identify children with sep-
tic shock responsive to corticosteroids. Crit Care Med. 2016;44:e1000–
e1003. doi: 10.1097/CCM.0000000000001833

 19. Wong HR, Cvijanovich NZ, Anas N, Allen GL, Thomas NJ, Bigham MT, 
Weiss SL, Fitzgerald JC, Checchia PA, Meyer K, et al. Endotype transi-
tions during the acute phase of pediatric septic shock reflect changing 
risk and treatment response. Crit Care Med. 2018;46:e242–e249. doi: 
10.1097/CCM.0000000000002932

 20. Menon K, McNally D, Choong K, Sampson M. A systematic review and 
meta-analysis on the effect of steroids in pediatric shock. Pediatr Crit Care 
Med. 2013;14:474–480. doi: 10.1097/PCC.0b013e31828a8125

 21. Hussmann B, Lefering R, Kauther MD, Ruchholtz S, Moldzio P, 
Lendemans S; and the TraumaRegister DGU. Influence of prehospital vol-
ume replacement on outcome in polytraumatized children. Crit Care. 
2012;16:R201. doi: 10.1186/cc11809

 22. Acker SN, Ross JT, Partrick DA, DeWitt P, Bensard DD. Injured children are re-
sistant to the adverse effects of early high volume crystalloid resuscitation. 
J Pediatr Surg. 2014;49:1852–1855. doi: 10.1016/j.jpedsurg.2014.09.034

 23. Edwards MJ, Lustik MB, Clark ME, Creamer KM, Tuggle D. The effects 
of balanced blood component resuscitation and crystalloid administra-
tion in pediatric trauma patients requiring transfusion in Afghanistan and 
Iraq 2002 to 2012. J Trauma Acute Care Surg. 2015;78:330–335. doi: 
10.1097/TA.0000000000000469

 24. Coons BE, Tam S, Rubsam J, Stylianos S, Duron V. High volume crystalloid 
resuscitation adversely affects pediatric trauma patients. J Pediatr Surg. 
2018;53:2202–2208. doi: 10.1016/j.jpedsurg.2018.07.009

 25. Elkbuli A, Zajd S, Ehrhardt JD Jr, McKenney M, Boneva D. Aggressive crys-
talloid resuscitation outcomes in low-severity pediatric trauma. J Surg Res. 
2020;247:350–355. doi: 10.1016/j.jss.2019.10.009

 26. Cannon JW, Khan MA, Raja AS, Cohen MJ, Como JJ, Cotton BA, 
Dubose JJ, Fox EE, Inaba K, Rodriguez CJ, Holcomb JB, Duchesne JC. Dam-
age control resuscitation in patients with severe traumatic hemorrhage: 
A practice management guideline from the Eastern Association for the 
Surgery of Trauma. J Trauma Acute Care Surg. 2017;82:605–617. doi: 
10.1097/TA.0000000000001333

 27. Kanani AN, Hartshorn S. NICE clinical guideline NG39: Major trauma: 
assessment and initial management. Arch Dis Child Educ Pract Ed. 
2017;102:20–23. doi: 10.1136/archdischild-2016-310869

 28. Zhu H, Chen B, Guo C. Aggressive crystalloid adversely affects outcomes 
in a pediatric trauma population. Eur J Trauma Emerg Surg. 2019:Epub 
ahead of print. doi: 10.1007/s00068-019-01134-0

 29. Henry S. ATLS Advanced Trauma Life Support. 10th Edition Student 
Course Manual. Chicago, IL: American College of Surgeons; 2018.

TREATMENT OF RESPIRATORY 
FAILURE
Respiratory failure occurs when a patient’s breathing be-
comes inadequate and results in ineffective oxygenation 
and ventilation. This can occur due to disordered control 
of breathing, upper airway obstruction, lower airway ob-
struction, respiratory muscle failure, or parenchymal lung 
disease. Providing assisted ventilation when breathing is 
absent or inadequate, relieving foreign body airway ob-
struction (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 ob-
jects are the most common causes of FBAO in children,1–3 
whereas liquids are common among infants.4 It is im-
portant 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.5 Naloxone reverses 
the respiratory depression of narcotic overdose,6 and, in 
2014, the US Food and Drug Administration approved 
the use of a naloxone autoinjector by lay rescuers and 
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healthcare providers. Naloxone intranasal delivery de-
vices are also available.

Treatment of Inadequate Breathing With 
a Pulse

Recommendations for Treatment of Inadequate Breathing With a Pulse

COR LOE Recommendations

1 C-EO
1.  For infants and children with a pulse but 

absent or inadequate respiratory effort, 
provide rescue breathing.7

2a C-EO

2.  For infants 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).7

Recommendation-Specific Supportive Text
1 and 2. There are no pediatric-specific clinical stud-

ies 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 chil-
dren 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.7 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

Recommendations for Foreign Body Airway Obstruction

COR LOE Recommendations

1 C-LD
1.  If the child has mild FBAO, allow the victim to 

clear the airway by coughing while observing 
for signs of severe FBAO.4,8,9

1 C-LD
2.  For a child with severe FBAO, perform 

abdominal thrusts until the object is expelled 
or the victim becomes unresponsive.4,8,9

1 C-LD

3.  For 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.4,9–12

1 C-LD

4.  If 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.11

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.13–15

3: Harm C-LD 6. Do not perform blind finger sweeps.13–15

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.4,8,9

3. Observational data primarily from case series sup-
port the use of back blows4,9,10 or chest compres-
sions10,11 for infants. Abdominal thrusts are not 
recommended for infants given the potential to 
cause abdominal organ injury.12

4. Once the victim is unconscious, observational 
data support immediate provision of chest com-
pressions whether or not the patient has a pulse.11

5 and 6. Observational data suggest that the risk of 
blind finger sweeps outweighs any potential ben-
efit in the management of FBAO.13–15

Opioid-Related Respiratory and Cardiac 
Arrest

Recommendations for Opioid-Related Respiratory and Cardiac Arrest

COR LOE Recommendations

1 C-LD

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.17,18

1 C-EO

2.  For patients known or suspected to be in 
cardiac arrest, in the absence of a proven 
benefit from the use of naloxone, standard 
resuscitative measures should take priority over 
naloxone administration, with a focus on high-
quality CPR (compressions plus ventilation).19,20

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.21,22

2a B-NR

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.23–36

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.17,18 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 administra-
tion of naloxone during cardiac arrest, provision of 
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CPR should be the focus of initial care.20 Naloxone 
can be administered along with standard advanced 
cardiovascular life support care if it does not delay 
components of high-quality CPR.

3. Early activation of the emergency response system is 
critical for patients with suspected opioid overdose. 
Rescuers cannot be certain that the person’s clini-
cal 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.21,22 Naloxone is ineffective in 
other medical conditions, including overdose involv-
ing 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 intramuscu-
lar, intravenous, and/or intranasal routes of naloxone 

administration (2 RCT23,24 and 3 non-RCT25–27) and 9 
assessed the safety of naloxone use or were obser-
vational studies of naloxone use.28–36 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 Support41 and further 
supported by a 2020 ILCOR evidence update.42 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 
emergencies for lay responders and healthcare providers.
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Figure 10. Opioid-Associated Emergency for Lay Responders Algorithm.
AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; and EMS, emergency medical services.

Cascading numbered boxes correspond to actions the provider should 
perform in sequence. Each box is separated by an arrow that signifies 
the pathway the provider should take. Some boxes are separated by 2 
arrows that lead to different boxes, meaning that the provider should 
take a different pathway depending on the outcome of the previous 
action. Pathways are hyperlinked.
Box 1
Suspected opioid poisoning
• 
Check for responsiveness.
• 
Shout for nearby help.
• 
Activate the emergency response system.
• 
Get naloxone and an AED if available.
Box 2
Is the person breathing normally?
If Yes, proceed to Box 3.
If No, proceed to Box 5.
Box 3
Prevent deterioration
• 
Tap and shout.
• 
Reposition.
• 
Consider naloxone.
• 
Continue to observe until EMS arrives.
Box 4
Ongoing assessment of responsiveness and breathing.
Go to Box 1.
Box 5
Start CPR
• 
Give naloxone.
• 
Use an AED.
• 
Resume CPR until EMS arrives.
Note: 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.
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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 compli-
ance, uncuffed ETTs may need to be changed to cuffed 
ETTs. Cuffed tubes improve capnography accuracy, re-
duce the need for ETT changes (resulting in high-risk 
reintubations or delayed compressions), and improve 
pressure and tidal volume delivery. However, high pres-
sure in the cuff can cause airway mucosal damage. Al-
though 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.1 ETT cuff 
pressures are dynamic during transport at altitude2 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 in-
tubation has historically been used to minimize the risk 
of gastric contents refluxing into the airway, but there 
are concerns that tracheal compression may impede ef-
fective bag-mask ventilation and intubation success.

Confirmation of ETT placement in patients with a 
perfusing rhythm is not reliably achieved by ausculta-
tion of breath sounds, mist in the tube, or chest rise. 
Either colorimetric detector or capnography (ETCO2) 
can be used to assess initial ETT placement. In patients 
with decreased pulmonary blood flow  from low car-
diac output or cardiac arrest, ETCO2 may not be as 
reliable.
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Use of Cuffed Endotracheal Tubes for 
Intubation

Recommendations for the Use of Cuffed Endotracheal Tubes for 
Intubation

COR LOE Recommendations

1 C-EO
1.  When a cuffed ETT is used, attention should 

be paid to ETT size, position, and cuff inflation 
pressure (usually <20–25 cm H2O).3

2a C-LD
2.  It is reasonable to choose cuffed ETTs over 

uncuffed ETTs for intubating infants and 
children.4–15

Recommendation-Specific Supportive Text
1. A retrospective study including 2953 children 

noted that, with 25 cm H2O of pressure to the air-
way and a slight leak around the ETT, there were 
no cases of clinically significant subglottic steno-
sis, and the incidence of stridor requiring reintu-
bation was less than 1%.3

2. Three systematic reviews, 2 randomized controlled 
trials, and 2 retrospective reviews support the safety 
of cuffed ETTs and the decreased need for ETT 
changes.4–10 These studies were almost entirely per-
formed 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 suc-
cessful ventilation, and improved accuracy of capnog-
raphy without increased risk of complications.7,9–13 
Cuffed ETTs may decrease the risk of aspiration.14,15

The Use of Cricoid Pressure During 
Intubation

Recommendations for the Use of Cricoid Pressure During Intubation

COR LOE Recommendations

2b C-LD
1.  Cricoid pressure during bag-mask ventilation 

may be considered to reduce gastric 
insufflation.16,17

3: No 
Benefit

C-LD
2.  Routine use of cricoid pressure is not 

recommended during endotracheal intubation 
of pediatric patients.16,17

3: Harm C-LD
3.  If cricoid pressure is used, discontinue if it 

interferes with ventilation or the speed or 
ease of intubation.16,17

Recommendation-Specific Supportive Text
1, 2, and 3. A retrospective, propensity score–matched

 study from a large pediatric ICU intuba-
tion registry showed that cricoid pressure 
during induction and bag-mask ventila-
tion before tracheal intubation was not 
associated with lower rates of regurgita-
tion.17 A study from the same pediatric 
ICU database reported external laryngeal 
manipulation was associated with lower 
initial tracheal intubation success.16

Atropine Use for Intubation

Recommendations for Atropine Use for Intubation

COR LOE Recommendations

2b C-LD

1.  It may be reasonable for practitioners to 
use atropine as a premedication to prevent 
bradycardia during emergency intubations 
when there is higher risk of bradycardia (eg, 
when giving succinylcholine).18,19

2b C-LD

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.20

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 chil-
dren 28 days to 8 years with septic shock, with hypo-
volemia, or with succinylcholine administration.18,19

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 CO2 in Patients With 
Advanced Airways

Recommendations for Monitoring Exhaled CO2 in Patients With 
Advanced Airways

COR LOE Recommendations

1 C-LD

1.  In all settings, for infants and children with a 
perfusing rhythm, use exhaled CO2 detection 
(colorimetric detector or capnography) for 
confirmation of ETT placement.21–27

2a C-LD

2.  In infants and children with a perfusing 
rhythm, it is beneficial to monitor exhaled 
CO2 (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 ETCO2 detection with clinical out-
comes, the Fourth National Audit Project of the 
Royal College of Anesthetists and Difficult Airway 
Society concluded that the failure to use or inabil-
ity to properly interpret capnography contributed 
to adverse events, including ICU-related deaths 
(mixed adult and pediatric data).21,22 One small 
randomized study showed that capnography was 
faster than clinical assessment in premature new-
borns intubated in the delivery room.23 There was 
no difference in patient outcomes between quali-
tative (colorimetric) and quantitative (capnography 
or numeric display) ETCO2 detectors.24–27

2. Adult literature suggests monitoring and cor-
rect interpretation of capnography in intubated 
patients may prevent adverse events.21,22,28 This 
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has been demonstrated in simulated pediatric sce-
narios, 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 car-
diac 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 
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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. Out-
comes are better for children who receive CPR for brady-
cardia before progressing to pulseless arrest.1 Correctable 
factors that contribute to bradycardia (ie, hypoxia, hypo-
tension, hypoglycemia, hypothermia, acidosis, or toxic 
ingestions) should be identified and treated immediately.

Recommendations for the Management of Bradycardia

COR LOE Recommendations

1 C-LD

1.   If bradycardia is due to increased vagal tone 
or primary atrioventricular conduction block 
(ie, not secondary to factors such as hypoxia), 
give atropine.2,4,6,7

1 C-LD
2.  If the heart rate is <60 beats/min with 

cardiopulmonary compromise despite 
effective ventilation with oxygen, start CPR.1,10

1 C-EO

3.   If bradycardia persists after correction of 
other factors (eg, hypoxia) or responds only 
transiently, give epinephrine IV/IO. If IV/IO 
access is not available, give endotracheally if 
present.1,11

2b C-LD

4.   Emergency transcutaneous pacing may be 
considered if bradycardia is due to complete 
heart block or sinus node dysfunction 
unresponsive to ventilation, oxygenation, 
chest compressions, and medications, 
especially in children with congenital or 
acquired heart disease.12–16

Recommendation-Specific Supportive Text
1. Two adult studies2,4 and 2 pediatric studies6,7 dem-

onstrate that atropine is effective to treat bradycar-
dia due to vagal stimulation, atrioventricular block, 
and intoxication. There is no evidence that atropine 
should be used for bradycardia due to other causes.

2. Two retrospective analyses from the same data-
base showed children who received CPR for bra-
dycardia and poor perfusion had better outcomes 
than children who suffered pulseless cardiac arrest 
and received CPR.1,10 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.11 
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.12–16 In patients 
with complete heart block or sinus node dysfunc-
tion, 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 dura-
tion 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, in-
cluding supraventricular tachycardia (SVT) with aberrant 
conduction or ventricular tachycardia.

The hemodynamic impact of SVT in the pediatric pa-
tient can be variable, with cardiovascular compromise 

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901 October 20, 2020 S511

Figure 12. Pediatric Bradycardia With a Pulse Algorithm.
ABC indicates airway, breathing, and circulation; AV, atrioventricular; BP, blood pressure; CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; HR, heart 
rate; IO, intraosseous; and IV, intravenous.

Text in cascading boxes describes the actions that 
providers should perform in sequence when treating pediatric 
bradycardia. Arrows guide the provider from one box to the 
next as the provider performs the actions. Some boxes have 
2 arrows that lead outward, each to a different pathway 
depending on the outcome of the most recent action taken. 
Pathways are hyperlinked.
Box 1
Patient with bradycardia
Box 2
Cardiopulmonary compromise?
• 
Acutely altered mental status
• 
Signs of shock
• 
Hypotension
If Yes, proceed to Box 3.
If No, proceed to Box 9.
Box 3
Assessment and support
• 
Maintain patent airway
• 
Assist breathing with positive pressure ventilation and oxygen 
as necessary
• 
Cardiac monitor to identify rhythm; monitor pulse, BP, and 
oximetry
Box 4
Start CPR if heart rate is less than 60 per minute despite 
oxygenation and ventilation.
Box 5
Does bradycardia persist?
If No, proceed to Box 9.
If Yes, proceed to Box 6.
Box 6
• 
Continue CPR if heart rate is less than 60 per minute
• 
IV or IO access
• 
Epinephrine
• 
Atropine for increased vagal tone or primary AV block
• 
Consider transthoracic or transvenous pacing
• 
Identify and treat underlying causes
Box 7
Check pulse every 2 minutes. Is a pulse present?
If Yes, return to Box 5.
If No, proceed to Box 8.
Box 8
Go to Pediatric Cardiac Arrest Algorithm.
Box 9
• 
Support ABCs
• 
Consider oxygen
• 
Observe
• 
12-lead ECG
• 
Identify and treat underlying causes
Sidebar
Doses and Details
• 
Epinephrine IV/IO dose: 0.01 milligram per kilogram (0.1 
milliliter per kilogram of the 0.1 milligram per milliliter 
concentration). Repeat every 3 to 5 minutes. If IV/IO access 
is not available but endotracheal tube is in place, you may 
give endotracheal tube dose of 0.1 milligram per kilogram 
(0.1 milliliter per kilogram of the 1 milligram per milliliter 
concentration).
• 
Atropine IV/IO dose: 0.02 milligram per kilogram. May repeat 
once. Minimum dose is 0.1 milligram and maximum single 
dose is 0.5 milligram.
• 
Possible Causes
• 
Hypothermia
• 
Hypoxia
• 
Medications
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(ie, altered mental status, signs of shock, hypotension) 
occurring in the minority of patients. In hemodynami-
cally stable patients, re-entrant SVT can often be termi-
nated with vagal maneuvers.1,2 Adenosine remains the 
preferred medication to treat SVT in infants and children 
with a palpable pulse who do not respond to vagal ma-
neuvers. For patients with hemodynamically stable wide-
complex tachycardia and those in whom SVT recurs after 
initial successful treatment, expert consultation is impor-
tant to diagnose etiology and customize treatment.

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

Treatment of Supraventricular 
Tachycardia With A Pulse

Recommendations for Treatment of Supraventricular Tachycardia 
With A Pulse

COR LOE Recommendations

1 C-LD
1.  If IV/IO access is readily available, adenosine is 

recommended for the treatment of SVT.3–9

1 C-EO

2.  For hemodynamically stable patients whose 
SVT is unresponsive to vagal maneuvers 
and/or IV adenosine, expert consultation is 
recommended.5–15,17

2a C-LD

3.  It is reasonable to attempt vagal stimulation 
first, unless the patient is hemodynamically 
unstable or it will delay chemical or electric 
synchronized cardioversion.1,2,4

2a C-LD

4.  If the patient with SVT is hemodynamically 
unstable with evidence of cardiovascular 
compromise (ie. altered mental status, signs 
of shock, hypotension) it is reasonable to 
perform electric synchronized cardioversion 
starting with a dose of 0.5 to 1 J/kg. If 
unsuccessful, increase the dose to 2 J/kg.5,8,15

2b C-LD

5.   For a patient with unstable SVT unresponsive 
to vagal maneuvers, IV adenosine, electric 
synchronized cardioversion and for whom 
expert consultation is not available, it may be 
reasonable to consider either procainamide 
or amiodarone.12,15

Recommendation-Specific Supportive Text
1. Intravenous adenosine remains generally effective 

for terminating re-entrant SVT within the first 2 
doses.3–6 Of 5 retrospective observational studies 
on the management of tachyarrhythmias (4 single 
center, 1 multicenter), none directly compared 
adenosine to other drugs.6–9,17

2. For patients with hemodynamically stable SVT that 
is refractory to vagal maneuvers or adenosine, con-
sideration of alternative second-line agents should 
be guided by expert consultation, given potential 
proarrhythmic and life-threatening hemodynamic 
collapse with the administration of multiple antiar-
rhythmic agents. Multiple medications have been 
used as second-line agents for the management 
of adenosine-refractory SVT, including intravenous 

verapamil, β-blockers, amiodarone, procainamide, 
and sotalol.5–15,17 Few comparative studies exist.

3. Vagal maneuvers are noninvasive, have few adverse 
effects, and effectively terminate SVT in many cases; 
exact success rates for each type of maneuver (ie, ice 
water to face, postural modification) are unknown.4 
Although improved success rates have been reported 
with a postural modification to the standard Valsalva 
maneuver in adults,1 published pediatric experience 
with this technique is very limited. Upside-down 
positioning may be an additional form of a vagal 
maneuver that is effective in children.2

4. Direct current synchronized cardioversion remains 
the treatment of choice for patients with hemo-
dynamically unstable SVT (ie, with cardiovascu-
lar compromise characterized by altered mental 
status, signs of shock, or hypotension) and those 
with SVT unresponsive to standard measures. 
However, these cases are uncommon, and there 
are few data reporting outcomes from cardiover-
sion of SVT.5,8,15 Consider administering sedation 
prior to synchronized cardioversion if resources 
are available and definitive therapy is not delayed.

5. Procainamide and amiodarone are moderately effec-
tive treatments for adenosine-resistant SVT.12 There 
may be a small efficacy advantage favoring procain-
amide; adverse effects are frequent with both thera-
pies. Intravenous sotalol was approved by the US 
Food and Drug Administration for the treatment of 
SVT in 2009. Only 3 reports describe its use in acute 
or subacute supraventricular tachyarrhythmias, with 
a 60% to 100% termination rate of SVT and atrial 
tachyarrhythmias.9,13,14 In the aforementioned stud-
ies, IV sotalol was administered under the guidance 
of pediatric electrophysiologists in the critical care or 
pediatric cardiology unit. Due to its potential proar-
rhythmic properties, it is unknown whether IV sotalol 
can be safely given in other settings. There is cur-
rently insufficient evidence in support for or against 
the use of IV sotalol for refractory SVT.

Treatment of Wide-Complex Tachycardia 
With a Pulse

Recommendations for Treatment of Wide-Complex Tachycardia 
With a Pulse

COR LOE Recommendations

1 C-LD

1.  If the patient with a wide-complex tachycardia 
is hemodynamically stable, expert consultation 
is recommended prior to administration of 
antiarrhythmic agents.18

2a C-EO

2.  If the patient with a wide-complex tachycardia 
is hemodynamically unstable with evidence 
of cardiovascular compromise (ie, altered 
mental status, signs of shock, hypotension), it 
is reasonable to perform electric synchronized 
cardioversion starting with a dose of 0.5–1 J/kg.  
If unsuccessful, increase the dose to 2 J/kg.
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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 aber-
rant conduction).18 Both pediatric and adult stud-
ies have identified potential populations at risk of 
proarrhythmic complications from antiarrhythmic 
therapies, including patients with underlying car-
diomyopathies, long-QT syndrome, Brugada syn-
drome, and Wolff-Parkinson-White syndrome.19–23

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 hemodynami-
cally unstable with a pulse. Cardiovascular com-
promise is a key factor in determining the use of 
electric therapy instead of primary pharmacologi-
cal management. There is insufficient evidence 
describing the incidence of wide-complex tachycar-
dias with a pulse and hemodynamic stability, and 
there is no support for or against the use of specific 
antiarrhythmic drugs in the management of chil-
dren 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.1 Because patients can 
present with nonspecific symptoms such as abdominal 
pain, diarrhea, vomiting, or fatigue, myocarditis can be 
confused with other, more common disease presenta-
tions. Outcomes can be optimized by early diagnosis and 
prompt intervention, including ICU monitoring and thera-
py. 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 pro-
viding extracorporeal life support (ECLS) or mechanical 
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Figure 13. Pediatric Tachycardia With a Pulse Algorithm.
CPR indicates cardiopulmonary resuscitation; ECG, electrocardiogram; IO, intraosseous; and IV, intravenous.
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circulatory support (MCS), such as temporary or implant-
ed ventricular assist devices, is recommended.2,3

Noninfectious causes of cardiomyopathy in children 
include dilated cardiomyopathy, hypertrophic cardio-
myopathy, restrictive cardiomyopathy, and miscel-
laneous (rare) forms of cardiomyopathy that include 
arrhythmogenic right ventricular dysplasia and mito-
chondrial and left ventricular noncompaction cardio-
myopathies. Cardiomyopathy patients who present in 
acute decompensated heart failure refractory to me-
chanical 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.4,5

For patients who have worsening clinical status or 
incessant ventricular arrhythmias, ECLS can be lifesav-
ing when initiated prior to cardiac arrest. ECLS also 
offers an opportunity to wean inotropic support, assist 
myocardial recovery, and serve as a bridge to cardiac 
transplantation if needed. The use of ECLS and MCS 
have improved outcomes from acute myocarditis, with 
a high possibility of partial or complete recovery of 
myocardial function.2,6

Recommendations for Treatment of Myocarditis and Cardiomyopathy

COR LOE Recommendations

1 C-LD

1.  Given the high risk of cardiac arrest in children 
with acute myocarditis who demonstrate 
arrhythmias, heart block, ST-segment changes, 
and/or low cardiac output, early consideration 
of transfer to ICU monitoring and therapy is 
recommended.1,7,8

2a B-NR

2.  For children with myocarditis or 
cardiomyopathy and refractory low cardiac 
output, prearrest use of ECLS or MCS can be 
beneficial to provide end-organ support and 
prevent cardiac arrest.9,10

2a B-NR

3.  Given the challenges to successful 
resuscitation of children with myocarditis and 
cardiomyopathy, once cardiac arrest occurs, 
early consideration of ECPR can be beneficial.9

Recommendation-Specific Supportive Text
1. Three retrospective studies have evaluated predic-

tors of worse outcome in fulminant myocarditis, 
noting increased incidence of cardiac arrest and 
the need for ECLS in this high-risk population.1,7,8 
In 1 study, nearly half of fulminant myocardi-
tis patients required CPR, and nearly one third 
received MCS.7 Even modest decreases in left 
ventricular ejection fraction are associated with 
the need for invasive circulatory support.8

2. The prognosis for patients with fulminant myo-
carditis who receive ECLS or MCS can be good. In 
1 study, 13 (46%) of 28 children requiring MCS 

survived without transplant.9 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.10 In the pre–cardiac arrest 
cardiomyopathy patient, newer forms of tempo-
rary circulatory support devices provide alternate 
and potentially improved support for decom-
pensated heart failure requiring bridge to trans-
plantation. These devices may provide a survival 
benefit over ECMO.4,5

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.9
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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 resuscita-
tion. Children with single-ventricle heart disease typi-
cally undergo a series of staged palliative operations. 
The objectives of the first palliative procedure, typically 
performed during the neonatal period, are (1) to cre-
ate 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 anasto-
mosis, 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 fi-
nal palliation, in which inferior vena caval blood flow 
is baffled directly to the pulmonary circulation, thereby 
making the single (systemic) ventricle preload depen-
dent 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 pul-
monary (Qp) blood flow, and (3) potential shunt occlu-
sion.1,2 Depending on the stage of repair, resuscitation 
may require control of pulmonary vascular resistance, 
oxygenation, systemic vascular resistance, or ECLS.

Preoperative and Postoperative Stage I  
Palliation (Norwood/Blalock-Taussig 
Shunt or Sano Shunt)

Recommendations for the Treatment of Preoperative and 
Postoperative Stage I Palliation (Norwood/Blalock-Taussig Shunt or 
Sano Shunt)

COR LOE Recommendations

2a B-NR

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 I Norwood palliation or 
shunt placement.3

2a C-LD

2.  In the patient with an appropriately restrictive 
shunt, manipulation of pulmonary vascular 
resistance may have little effect, whereas 
lowering systemic vascular resistance with the use 
of systemic vasodilators (α-adrenergic antagonists 
and/or phosphodiesterase type III inhibitors), with 
or without the use of oxygen, can be useful to 
increase systemic oxygen delivery (DO2).

4,5

2a C-LD

3.  For neonates prior to stage I repair with 
pulmonary overcirculation and symptomatic 
low systemic cardiac output and delivery of 
oxygen (DO2), it is reasonable to target a Paco2 
of 50–60 mm Hg. This can be achieved during 
mechanical ventilation by reducing minute 
ventilation or by administering analgesia/
sedation with or without neuromuscular 
blockade.6,7

2a C-LD
4.  ECLS after Stage I Norwood palliation can be 

useful to treat low systemic DO2.
8,9

2a C-EO

5.  In the situation of known or suspected shunt 
obstruction, it is reasonable to administer 
oxygen, vasoactive agents to increase shunt 
perfusion pressure, and heparin (50–100 U/kg 
bolus) while preparing for catheter-based or 
surgical intervention.2

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

Two diagrams of 
a heart, showing 
aortic arch recon-
struction using a 
Norwood repair. 
One diagram 
shows a Blalock-
Taussig Shunt 
from the right 
subclavian artery 
to the right 
pulmonary 
artery; the other 
diagram shows 
a Sano shunt 
from the right 
ventricle to the 
pulmonary artery.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2023



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

Circulation. 2020;142(suppl 2):S469–S523. DOI: 10.1161/CIR.0000000000000901 October 20, 2020 S517

Recommendation-Specific Supportive Text
1. In the early postoperative period, noninvasively 

measured regional cerebral and somatic satura-
tions, via near infrared spectroscopy, can predict 
outcomes of early mortality and ECLS use follow-
ing stage I Norwood palliation. There are retro-
spective data that postoperative near infrared 
spectroscopy measures may be targets for goal-
directed interventions.3

2. Afterload reduction using vasodilators (sodium 
nitroprusside or phentolamine), with or with-
out a phosphodiesterase type III inhibitor  (eg, 
milrinone), reduces systemic vascular resistance, 
serum lactate, arterial venous oxygen difference, 

and the need for ECPR in the postoperative period 
for shunt-dependent single-ventricle patients.4,5

3. In the period before single-ventricle palliation, cau-
tious 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.6,7

4. For cardiac arrest before or after Stage I 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.8,9

5. Treatment of acute shunt obstruction can include 
administration of oxygen, vasoactive agents (eg, 
phenylephrine, norepinephrine, epinephrine) to 
maximize shunt perfusion pressure, anticoagula-
tion with heparin (50–100 U/kg bolus), shunt inter-
vention by catheterization or surgery, and ECLS.2

Postoperative Stage II (Bidirectional Glenn/
Hemi-Fontan) and III (Fontan) Palliation

Recommendations for the Treatment of Postoperative Stage II 
(Bidirectional Glenn/Hemi-Fontan) and III (Fontan) Palliation

COR LOE Recommendations

2a B-NR

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.10

2b B-NR

2.  ECLS in patients with superior cavopulmonary 
anastomosis or Fontan circulation may be 
considered to treat low DO2 from reversible 
causes or as a bridge to a ventricular assist 
device or surgical revision.11

Recommendation-Specific Supportive Text
1. In patients immediately following bidirectional 

Glenn placement, a ventilation strategy with 
higher Paco2 improved oxygenation.10

2. In 1 retrospective analysis of the Extracorporeal 
Life Support Organization database, among 
infants in whom a bidirectional Glenn had been 
placed and in whom ECLS was required, survival 
was similar in patients who had cardiac arrest 
before ECLS (16/39, 41%) and those who did not 
(26/64, 41%).11

These topics were reviewed previously in “Cardiopul-
monary Resuscitation in Infants and Children With Car-
diac Disease: A Scientific Statement From the American 
Heart Association.”12

Figure 15. Stage II palliation for single ventricle with a bidirectional 
Glenn shunt connecting the superior vena cava to the right pulmo-
nary artery.

Diagram of 
the heart 
showing 
place-
ment of a 
bidirectional 
Glenn shunt 
connecting 
the superior 
vena cava 
to the right 
pulmonary 
artery.

Figure 16. Stage III Fontan single ventricle palliation with an extracar-
diac conduit connecting the inferior vena cava to the right pulmo-
nary artery.

Diagram of the 
heart showing 
a Fontan 
single ventricle 
palliation with 
an extracardiac 
conduit con-
necting the 
inferior vena 
cava to the 
right pulmo-
nary artery.
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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.1 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,3 and 
0.7% to 5% of all cardiovascular surgical patients 
experience postoperative pulmonary hypertensive cri-
ses.4 Pulmonary hypertensive crises are acute rapid 
increases in pulmonary artery pressure accompanied 
by right-sided (or single-ventricle) heart failure. Dur-
ing 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 ven-
tricle and right ventricle pressures lead to a fall in pul-
monary 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 system-
ic hypotension and improve coronary artery perfusion 
pressure. Once cardiac arrest has occurred, outcomes 
can be improved in the presence of an anatomic right-
to-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 po-
tent 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 analge-
sics, sedatives, and muscle relaxants. Pulmonary vaso-
dilators, including inhaled nitric oxide, inhaled prosta-
cyclin, inhaled and intravenous prostacyclin analogs, 
and intravenous and oral phosphodiesterase type V 
inhibitors (eg, sildenafil) are used to prevent and treat 
pulmonary hypertensive crises.5–8
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Recommendations for Treatment of the Child With Pulmonary 
Hypertension

COR LOE Recommendations

1 B-R

1.  Inhaled nitric oxide or prostacyclin should be 
used as the initial therapy to treat pulmonary 
hypertensive crises or acute right-sided heart 
failure secondary to increased pulmonary 
vascular resistance.7,9–12

1 B-NR

2.  Provide careful respiratory management and 
monitoring to avoid hypoxia and acidosis 
in the postoperative care of the child with 
pulmonary hypertension.13–15

1 C-EO

3.  For pediatric patients who are at high 
risk for pulmonary hypertensive crises, 
provide adequate analgesics, sedatives, and 
neuromuscular blocking agents.2,11,16,17

2a C-LD

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.13–15

2b C-LD

5.  For children who develop refractory 
pulmonary hypertension, including signs of 
low cardiac output or profound respiratory 
failure despite optimal medical therapy, ECLS 
may be considered.11,18–23

Recommendation-Specific Supportive Text
1. Treatment with inhaled nitric oxide reduces the 

frequency of pulmonary hypertensive crises and 
shortens time to extubation.9 In patients with atrio-
ventricular septal defect repair and severe post-
operative pulmonary hypertension, inhaled nitric 
oxide administration is associated with reduced 
mortality.7,10 Inhaled prostacyclin transiently pro-
duces pulmonary vasodilation and improves oxy-
genation, but the alkalinity of the drug can irritate 
airways, and precise dosing can be complicated by 
drug loss in the nebulization circuit.11,12

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

4. Two physiological reviews and 1 randomized 
clinical trial have demonstrated that hypercarbia, 
hypoxemia, acidosis, atelectasis, and ventilation-
perfusion mismatch can all lead to increases in 
pulmonary vascular resistance and, hence, eleva-
tion of pulmonary artery pressures in the immedi-
ate postoperative period.13–15

5. ECLS has been used in children with pulmonary 
vascular disease after cardiopulmonary collapse 

or low cardiac output.18,19 Although outcomes 
remain poor in certain populations,20 advances in 
technology of extracorporeal devices may allow 
for bridging to MCS or to transplantation.21 
Although patients with pulmonary hypertension 
who require ECLS have a high mortality rate, pro-
vision of ECLS can be lifesaving.11,22,23

These topics were reviewed previously in “Cardiopul-
monary Resuscitation in Infants and Children With Car-
diac Disease: A Scientific Statement From the American 
Heart Association”2 and “Pediatric Pulmonary Hyper-
tension: Guidelines From the American Heart Associa-
tion and American Thoracic Society.”11
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MANAGEMENT OF TRAUMATIC 
CARDIAC ARREST
Unintentional injuries are the most common cause 
of death among children and adolescents.1 Although 
many organizations have established trauma care 
guidelines,2–4 the management of traumatic cardiac 
arrest is often inconsistent. Cardiac arrest due to major 
blunt or penetrating injury in children has a very high 
mortality rate.5–8 Thoracic injury should be suspect-
ed in all thoracoabdominal trauma because tension 
pneumothorax, hemothorax, pulmonary contusion, 
or pericardial tamponade may impair hemodynamics, 
oxygenation, and ventilation.

Recommendations for the Management of Traumatic Cardiac Arrest

COR LOE Recommendations

1 C-EO

1.  In pediatric traumatic cardiac arrest, evaluate 
for and treat potential reversible causes, such 
as hemorrhage, tension pneumothorax, and 
pericardial tamponade.9,10

2b C-LD

 2.  In pediatric cardiac arrest secondary to 
penetrating injury with a short transport 
time, it may be reasonable to perform 
resuscitative thoracotomy.11–18

Recommendation-Specific Supportive Text
1. Early correction of reversible causes by reducing 

delays in the delivery of trauma-specific interven-
tions may increase survival following penetrating 
traumatic cardiac arrest.9,10 Guidelines for cardiac 
arrest due to trauma recommend hemorrhage 
control, restoration of circulating blood volume, 
opening the airway, and relieving tension pneu-
mothorax. These measures should be performed 
simultaneously with conventional resuscitation.

2. Recent systematic reviews,11–14 multicenter retro-
spective studies,15,16 and single-center retrospective 
studies17 recommend emergent thoracotomy for 
pediatric patients who present pulseless after pen-
etrating thoracic injury. There is no evidence to sup-
port emergent thoracotomy for infants and children 
with blunt injury who are without signs of life.12,18
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CRITICAL KNOWLEDGE GAPS AND 
ONGOING RESEARCH
During the literature review process, we identified sever-
al 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 re-
views 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 pe-
diatric resuscitation. The causes of pediatric cardiac 
arrest are very different from cardiac arrest in adults, 
and pediatric studies are critically needed. Further-
more, infants, children, and adolescents are distinct 
patient populations. Dedicated pediatric resuscitation 
research is a priority given the more than 20 000 in-
fants, children, and adolescents who suffer cardiac ar-
rest 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: IO 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—bag-
mask ventilation, supraglottic airway, or endotracheal tube?

What is the optimal Fio2 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?

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 adenosine-
refractory 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; 
Fio2, fraction of inspired oxygen; IHCA, in-hospital cardiac arrest; IO, 
intraosseous; IV, intravenous; OHCA, out-of-hospital cardiac arrest; pVT, 
pulseless ventricular tachycardia; SVT, supraventricular tachycardia; and VF, 
ventricular fibrillation.
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