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Between 0.25% and 3% of admissions to the NICU, PICU, and PCICU
receive cardiopulmonary resuscitation (CPR). Most CPR events occur in
patients <1 year old. The incidence of CPR is 10 times higher in the
NICU than at birth. Therefore, optimizing the approach to CPR in
hospitalized neonates and infants is important.

At birth, the resuscitation of newborns is performed according to
neonatal resuscitation guidelines. In older infants and children,
resuscitation is performed according to pediatric resuscitation
guidelines. Neonatal and pediatric guidelines differ in several important
ways. There are no published recommendations to guide the transition
from neonatal to pediatric guidelines. Therefore, hospitalized neonates
and infants can be resuscitated using neonatal guidelines, pediatric
guidelines, or a hybrid approach.

This report summarizes the current neonatal and pediatric
resuscitation guidelines, considers how to apply them to hospitalized
neonates and infants, and identifies knowledge gaps and future
priorities. The lack of strong scientific data makes it impossible to
provide definitive recommendations on when to transition from
neonatal to pediatric resuscitation guidelines. Therefore, it is up to
health care teams and institutions to decide if neonatal or pediatric
guidelines are the best choice in a given location or situation,
considering local circumstances, health care team preferences, and
resource limitations.
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INTRODUCTION

Optimizing the approach to cardiopulmonary resuscita-
tion (CPR) in hospitalized neonates and infants is an im-
portant issue. Many neonates and infants in the ICU
experience cardiopulmonary instability or cardiopulmo-
nary arrest. Cardiopulmonary arrest requiring CPR with
chest compressions occurs in 0.25% to 1% of NICU ad-
missions, 1.4% of PICU admissions, and 3.1% of pediatric
cardiac ICU (PCICU) admissions.)™® Most CPR events in
the NICU, PICU, and PCICU occur in patients <1 year
0ld.»™® The incidence of CPR with chest compressions in
the NICU is 10 times higher than the 0.06% to 0.12% in-
cidence of CPR reported at birth.*°

Resuscitation practices vary based on a patient’s age,
physiology of arrest, and location of care. At birth, the re-
suscitation of newborns is performed according to neona-
tal resuscitation guidelines.10 In older infants and children,
resuscitation is performed according to pediatric resuscita-
tion guidelines.'* Hospitalized neonates and infants can be
resuscitated using neonatal guidelines, pediatric guidelines,
or a hybrid approach.'*® Neonatal and pediatric guide-
lines differ in several important ways. For example, neona-
tal guidelines focus on effective ventilation of the newborn
lung.’® Pediatric guidelines focus on treating the etiology
of arrest (respiratory, shock, arrhythmias) and providing
effective cardiac compressions.'! Neonatal and pediatric
guidelines also differ in the CPR sequence, chest compression-
to-ventilation ratios, coordination of breaths with compres-
sions, and medications and other therapies.lo'11

At some point after birth, the optimal resuscitation proto-
cols for neonates and infants change from neonatal to pedia-
tric.1?71® However, there are no published recommendations
to guide the transition from neonatal to pediatric resuscita-
tion protocols.*'® This lack of guidance is because of the
lack of evidence suggesting when—and under what circum-
stances—it is better to use neonatal or pediatric resuscita-
tion protocols. Thus, in clinical practice, the choice of which
guidelines to use is in the hands of the health care team or
the institution.**** This lack of standardization inevitably
leads to variability in resuscitation practice. There is concern
that variability in resuscitation practice negatively impacts
the quality of care and contributes to suboptimal resuscita-
tion outcomes.'®™

This report summarizes the current neonatal resuscita-
tion and pediatric advanced life support guidelines, consid-
ers how to apply the guidelines to hospitalized neonates
and infants, and identifies knowledge gaps and future priori-
ties. We begin with a review of resuscitation guideline de-
velopment. We then explore the neonatal and pediatric
guidelines and examine the differences between the two.
Next, we describe the use of neonatal and pediatric guide-
lines for hospitalized neonates and infants. Finally, we ex-
amine how systems issues can impact decision-making and
discuss knowledge gaps and future directions.
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RESUSCITATION GUIDELINE DEVELOPMENT

Resuscitation guidelines are developed to standardize clinical
practice and improve patient outcomes. The guideline devel-
opment process includes an international effort to create
treatment recommendations and regional efforts to translate
those recommendations into guidelines. The International Li-
aison Committee on Resuscitation (ILCOR) continuously eval-
uates the published literature and reports the findings as
systematic reviews, scoping reviews, and evidence updates.19
ILCOR findings are also published as the Consensus on Cardio-
pulmonary Resuscitation and Emergency Cardiovascular Care
Science With Treatment Recommendations®® In the United
States, as of 2021, the American Heart Association (AHA) is
jointly developing guidelines with the American Academy of
Pediatrics (AAP). Before this time, the American Heart Associ-
ation developed guidelines with pediatric input from the AAP
and others. The guidelines are developed based on the ILCOR
consensus on science and evidence reviews conducted by the
Writing Group. A class of recommendation and level of evi-
dence is assigned to each recommendation to guide clinical
practice and provide an evidence-based rationale for each
recommendation.’® The guidelines are published as the
Guidelines for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care*®'' As part of the resuscita-
tion guideline development process, the AHA and AAP
continually assess the evidence and generate focused up-
dates when breaking science occurs.

Using the resuscitation guidelines, the AHA and AAP
have worked together for decades to jointly create edu-
cational courses. The educational courses applicable to
neonates and infants are the Neonatal Resuscitation Pro-
gram (NRP) and the Pediatric Advanced Life Support
(PALS) course. The NRP is based on the Neonatal Resus-
citation Guidelines.'® The PALS course is based on the
Pediatric Basic and Advanced Life Support Guidelines.'*
Because of the close connection between the guidelines
and the courses, the resuscitation guidelines are often
called the “NRP Guidelines” and “PALS Guidelines.” In
this report, we use “neonatal resuscitation guidelines” and
“pediatric resuscitation guidelines” to indicate recommenda-
tions included in the 2020 Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care.'*

NEONATAL RESUSCITATION GUIDELINES

The neonatal resuscitation guidelines apply primarily to
the newborn transitioning from the fluid-filled environ-
ment of the womb to the air-filled environment of the
birthing room.'° This transition starts before the time of
birth and ends after the perinatal transition period. How-
ever, the concepts in the neonatal guidelines may be ap-
plied to newborns during the neonatal period (birth to
28 days) and, according to the guidelines, may be used
for neonatal resuscitation anytime during the initial hos-
pital stay.'*!!
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To survive the birth process, the newborn must estab-
lish adequate lung inflation and ventilation after birth.!°
Therefore, the neonatal resuscitation guidelines focus on
managing acute respiratory compromise at birth and de-
livering effective positive pressure ventilation (PPV). PPV
is the primary method for supporting newborns who are
apneic, bradycardic, or demonstrate inadequate respira-
tory effort.'® Improvements in heart rate and the estab-
lishment of spontaneous breathing or crying are signs of
effective PPV in the newborn.”

The neonatal guidelines are presented as themes, including
anticipation and preparation, cord management, initial ac-
tions, assessment of heart rate, PPV, oxygen therapy, chest
compressions, vascular access, medications, volume expan-
sion, and withholding and discontinuing resuscitation.'® Addi-
tionally, the guidelines include recommendations on human
and system performance related to neonatal resuscitation.
The neonatal guidelines contain a single resuscitation algo-
rithm (Fig 1). The algorithm describes the steps to follow to
evaluate and resuscitate the newborn. Some key components
of the neonatal resuscitation algorithm and neonatal resusci-
tation guidelines include:

e Initial evaluation: at birth, the newborn should be
warmed and dried to help maintain a normal temper-
ature. Tactile stimulation is reasonable in infants with
ineffective respiratory effort after birth.'® Ausculta-
tion is the preferred method for the initial assessment
of the heart rate, but electrocardiography use may be
reasonable for the rapid and accurate measurement
of the newborn’s heart rate.'®

e Airway: the airway should be optimally positioned
and secretions cleared if needed. PPV should be pro-
vided without delay to newborn infants who are gasp-
ing or apneic after birth or persistently bradycardic
(heart rate less than 100 per min) despite appropriate
initial actions (including tactile stimulation).'®

e Breathing: providing PPV at 40 to 60 breaths per mi-
nute is reasonable.’® Ventilation should be optimized
with endotracheal intubation, if possible, before start-
ing chest compressions.'® Reasonable initial supple-
mental oxygen concentrations are 21% in newborns
=35 weeks’ gestation and 21% to 30% in newborns
=35 weeks’ gestation with subsequent oxygen titra-
tion based on pulse oximetry.'°

e C(irculation: if the heart rate remains at less than 60
beats per minute, despite adequate ventilation that
results in lung inflation for at least 30 seconds, initiat-
ing chest compressions is reasonable.’’ It may be rea-
sonable to deliver 3 compressions followed by 1
inflation (3:1 ratio) when providing chest compres-
sions in a newborn.*’

e Drugs and other therapies: if the heart rate has not in-
creased to 60 beats per minute or more after optimizing
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ventilation and chest compressions, it may be reason-
able to administer intravascular epinephrine.’® The recom-
mended intravascular doses of epinephrine are 0.01 to 0.03
mg/kg intravenous or intraosseous and 0.05 to 0.1 mg/kg
endotracheally. Volume expansion with 10 to 20 mL/kg of
normal saline (0.9% sodium chloride) or blood may be rea-
sonable in cases of suspected hypovolemia.'’

e Postresuscitation care: therapeutic hypothermia should
be offered to newborn infants at =36 weeks estimated
gestational age with evolving moderate-to-severe hypoxic-
ischemic encephalopathy (HIE).*°

PEDIATRIC BASIG AND ADVANCED LIFE SUPPORT GUIDELINES

The pediatric life support guidelines are a resource for lay
rescuers and health care practitioners to identify and treat
infants and children. The guidelines include pediatric basic
and advanced life support and cover prearrest, intra-arrest,
and postarrest states. The guidelines apply to the commu-
nity, prehospital, and hospital environments.'*

Pediatric advanced life support guidelines apply to neo-
nates (less than 30 days old) after hospital discharge, in-
fants, children, and adolescents up to 18 years of age.!* The
pediatric guidelines exclude newborns and recommend that
neonatal guidelines be used at birth and during the first
hospitalization after birth.!' Previous guidelines suggested
that it was reasonable to resuscitate newborns with a pri-
mary cardiac etiology of arrest, regardless of location, ac-
cording to pediatric guidelines.?’ The 2018 AHA scientific
statement on the resuscitation of infants and children with
cardiac disease suggests that professionals resuscitating in-
fants and children with cardiac disease use pediatric guideli-
nes.’? However, the statement acknowledges the limited
data regarding the effects of resuscitative strategies on neo-
nates and infants with cardiac disease.*

The pediatric guidelines primarily focus on managing
3 pathophysiologic states: respiratory failure, shock, and
arrhythmias. Primary cardiac arrest is uncommon in pe-
diatrics, and the etiologies of cardiopulmonary arrest are
distinct from those for adults.!! Cardiopulmonary arrest
in pediatrics is usually caused by progressive respiratory
failure or shock, resulting in bradycardia and cardiopulmo-
nary failure.! Therefore, rapid recognition and immediate
initiation of both high-quality chest compressions and ef-
fective ventilations are critical to improving outcomes in
pediatric cardiopulmonary arrest.’ However, according to
the pediatric guidelines, when CPR is initiated, it may be
reasonable to use a sequence of compressions first, fol-
lowed by airway and breathing.**

In addition to the content on managing respiratory
failure, shock, and arrhythmias, the pediatric guidelines
also contain recommendations on treating a variety of
pathophysiologic states. The pediatric guidelines include
several algorithms. Figure 2 shows the 2020 Pediatric
Cardiac Arrest Algorithm, and Fig 3 shows the 2020
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Antenatal counseling
Team briefing and equipment check

¢ Infant stays with mother for routine
Term gestation? care: warm and maintain normal
Good tone? temperature, position airway, clear
Breathing or crying? secretions if needed, dry.
Ongoing evaluation

Warm and maintain normal temperature,
position airway, clear secretions if
needed, dry, stimulate

'

Apnea or gasping?
HR below 100 beats
per min

1 minute
|

Labored breathing or
persistent cyanosis?

Yes Yes

Y

Position and clear airway

PPV t
SPO, monitor S pplean:r?tg:'noglt:srneeded
Consider ECG monitor < y©
Consider CPAP
v . v
r—><HR below 100 beats per min Postresusmtaleo'n SaC
Team debriefing
Yes
Y
Check chest movement

Ventilation corrective steps if needed
Targeted Preductal Spo.
ETT or laryngeal mask if needed 9 After Birth PO.

1 min 60%-65%
HR below 60 beats per min 2 min 65%-70%
Yes 3min 70%-75%
Intubate if not already done 4 min 75%-80%

Chest compressions .
Coordinate with PPV 5min 80%-85%
100% O, 10 min 85%-95%

ECG monitor

Consider emergency UVC

v

HR below 60 beats per min

Yes

IV epinephrine
If HR persistently below 60/min
Consider hypovolemia
Consider pneumothorax
© 2020 American Heart Association

FIGURE 1
Neonatal resuscitation algorithm.

Pediatric Bradycardia With a Pulse Algorithm. Some key e Initial evaluation: in infants and children who are unrespon-

components of the pediatric resuscitation guidelines are sive, with no breathing or only gasping, it is reasonable for
noted below. Table 1 provides a high-level comparison of health care professionals to check for a pulse for up to 10
the neonatal and pediatric resuscitation guidelines. seconds and begin compressions if no definite pulse is felt.'!
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Circulation: when CPR is initiated, the sequence is
compressions-airway-breathing.'' Chest compres-
sions are indicated for pulseless arrest (Fig 2) and
bradycardia (heart rate <60 beats per minute)
with a pulse and cardiopulmonary compromise de-
spite effective oxygenation and ventilation (Fig 3).*! In
the absence of an advanced airway, it is reasonable for
1 rescuer to use a compression-to-ventilation ratio of
30:2 and for 2 rescuers to use a compression-to-venti-
lation ratio of 15:2.' With an advanced airway in

compressions per minute with no pause for ventilation
and 1 breath every 2 to 3 seconds (20-30 breaths per
minute).

Airway: bag-mask ventilation is reasonable compared
with advanced airway interventions in managing chil-
dren during out-of-hospital cardiopulmonary arrest.*!
Data are insufficient to support a recommendation for
advanced airway use in in-hospital cardiopulmonary
arrest (IHCA).!' There may be specific circumstances
or populations in which early advanced airway inter-

place, it is reasonable to give 100 to 120 continuous ventions are beneficial.!!

1
Start CPR

¢ Begin bag-mask ventilation and give oxygen « Push hard (2Vs of anteroposterior
* Attach monitor/defibrillator diameter of chest) and fast
(100-120/min) and allow complete
l chestrecoil

Minimize interruptions in
Yes Rhythm No
shockable?

compressions
Asystole/PEA

Change compressor every

2 minutes, or sooner if fatigued
If no advanced airway, 15:2
compression-ventilation ratio
If advanced airway, provide
continuous compressions and
give a breath every 2-3 seconds

\ Shock Energy for Defibrillation
@ Epinephrine

* Firstshock 2 J/kg

¢ Second shock 4 J/kg

* Subsequent shocks 24 J/kg,
maximum 10 J/kg or adult dose

Drug Therapy

* Epinephrine IV/IO dose:

0.01 mg/kg (0.1 mL/kg of the

0.1 mg/mL concentration).

Max dose 1 mg.

Repeat every 3-5 minutes.

If no IV/IO access, may give
Yes endotracheal dose: 0.1 mg/kg
(0.1 mL/kg of the T mg/mL
concentration).

Y
VF/pVT

4 @z Shock

CPR 2 min

IV/I0 access

ASAP
v

CPR 2 min
¢ |V/I0 access
¢ Epinephrine every 3-5 min
¢ Consider advanced
\ airway and capnography
Amiodarone IV/IO dose:

Rhythm
shockable?
5 mg/kg bolus during cardiac

No arrest. May repeat up to
3 total doses for refractory

Rhythm
shockable?

Yes

| @Z Shock

CPR 2 min VF/pulseless VT
¢ Epinephrine every 3-5 min y or

¢ Consider advanced airway 1 - LIF’_OC_aIne IV/10 dose:
CPR 2 min Initial: 1 mg/kg loading dose

l Treatreversible causes Advanced Airway

l * Endotracheal intubation or
No Rhythm Yes
shockable?

Rhythm

supraglottic advanced airwa
shockable? prag Y

* Waveform capnography or
capnometry to confirm and

Y monitor ET tube placement

es
@ 7 Shock
8 *
CPR 2 min

* Amiodarone or lidocaine
e Treatreversible causes

Reversible Causes

* Hypovolemia

* Hypoxia

* Hydrogen ion (acidosis)
* Hypoglycemia

¢ Hypo-/hyperkalemia

* Hypothermia

e Tension pneumothorax
* Tamponade, cardiac

4 * Toxins

12 * Thrombosis, pulmonary
 If no signs of return of spontaneous Goto7. * Thrombosis, coronary
circulation (ROSC), go to 10

¢ IfROSC, go to Post-Cardiac Arrest
Care checklist

© 2020 American Heart Association

FIGURE 2
Pediatric cardiac arrest algorithm. 10, intraosseous; IV, intravenous; PEA, pulseless electrical activity.
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[ Patient with bradycardia }

Cardiopulmonary
compromise?

e Acutely altered No
mental status
¢ Signs of shock
e Hypotension
Yes
\4 \
g N

Assessment and support e Support ABCs

¢ Maintain patent airway * Consider oxygen
¢ Assist breathing with positive * Observe
L]

pressure ventilation and oxygen 12-Lead ECG
as necessary Identify and treat
e Cardiac monitor to identify rhythm; underlying causes
monitor pulse, BP, and oximetry A
A8 4

Y

Start CPRif HR <60/min
despite oxygenation and
ventilation.

Y

) No
Bradycardia
persists?
Yes
\
(e Continue CPRif HR <60 beats )
per min
* IV/I.O accgss Doses/Details
e Epinephrine
e Atropine for increased vagal Epinephrine IV/I0 dose:
tone or primary AV block 0.01 mg/kg (0.1 mL/kg of the
¢ Consider transthoracic/ 0.1 mg/mL concentration).
transvenous pacing :?T\F;ﬁgt every 3'5tm'”l{;fe§|-
; ; access not available
e |dentify and treat underlying but endotracheal (ET) tube
Sl ) in place, may give ET dose:

0.1 mg/kg (0.1 mL/kg of the
1 mg/mL concentration).

Y Atropine IV/10 dose:

0.02 mg/kg. May repeat once.
Minimum dose 0.1 mgand
maximum single dose 0.5 mg.

Check pulse
every 2 minutes.
Pulse present?

Yes

Possible Causes

No ¢ Hypothermia
\ .
e Hypoxia
Go to Pediatric * Medications

Cardiac Arrest Algorithm.
© 2020 American Heart Association

FIGURE 3
Pediatric bradycardia with a pulse algorithm. AV, atrioventricular; BP, blood pressure; 10, intraosseous; IV, intravenous.
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TABLE 1 Comparison of Neonatal and Pediatric Resuscitation Guidelines

Neonatal'®

Pediatric'’

Focus Resuscitation and stabilization at birth

Life support for infants and children outside the newborn period with
respiratory failure, shock, arrhythmias, and cardiopulmonary
arrest

Patient population
first hospitalization after birth

Newborns at birth and neonates and during the

Pediatric advanced life support guidelines apply to neonates (less
than 30 d old) after hospital discharge, infants, children, and
adolescents up to 18 y of age.

Chest compression
initiation

Chest compressions should be initiated if the
heart rate remains less than 60 beats per
minute despite 30 s of adequate PPV

When CPR is initiated, the sequence is chest compressions-airway-
breathing

Compression-to-
ventilation ratios per minute; e no pause for ventilation
regardless of rescuer number or advanced

airway

e 3:1 ratio with 90 compressions and 30 breaths

Bag-mask ventilation: e 1 rescuer: 30:2; ® 2 rescuers: 15:2; e pause
for ventilation; advanced airway: e 100—120 continuous
compressions per minute; e 1 breath every 2-3 s (20-30 breaths
per min); e no pause for ventilation

Algorithms e Neonatal resuscitation algorithm

e Pediatric Basic Life Support Algorithm for Healthcare Providers—
single rescuer; e Pediatric Basic Life Support Algorithm for
Healthcare Providers—2 or more rescuers; e Pediatric Cardiac
Arrest Algorithm; e Pediatric Bradycardia with a Pulse Algorithm;
e Pediatric Tachycardia with a Pulse Algorithm; e Opioid-Associated
Emergency for Lay Responders Algorithm; e Opioid-Associated
Emergency for Healthcare Providers Algorithm

Drugs and other Epinephrine; normal saline; emergency 0 neg
therapies blood

Drug classes: e antiarrhythmic; e vasopressors; e inotropes;
e pulmonary vasodilators; e sedation or reversal agents;
defibrillation, cardioversion, transcutaneous pacing, vagal
maneuvers

Vascular access UVG or 10

PIV, 10, central line

Postresuscitation
temperature
management

under clearly defined protocols

Newborns 36 wk or more estimated gestational
age at birth with evolving moderate-to-severe
HIE should be offered therapeutic hypothermia

For infants and children between 24 h of age and 18 y of age who
remain comatose after in-hospital cardiac arrest, 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

10, intraosseous; PIV, peripheral IV; TTM, targeted temperature management; UVC, umbilical venous catheter.

e Breathing: when performing CPR in infants and chil-
dren with an advanced airway, it may be reasonable
to target a respiratory rate range of 1 breath every 2
to 3 seconds (20-30 breaths per minute), accounting
for age and clinical condition.*

e Drugs and therapies: giving the initial dose of 0.01 mg/kg
intravenous or intraosseous epinephrine within 5 min
from the start of chest compressions for pediatric patients
in any setting is reasonable." In cases of ventricular fibril-
lation (VF) or pulses ventricular tachycardia (pVT), an ini-
tial dose of 2 to 4 J/kg of monophasic or biphasic energy
for defibrillation is reasonable.'*

e Postresuscitation care: for infants and children between 24
hours old and 18 years old who remain comatose after car-
diopulmonary arrest, it is reasonable to use either targeted
temperature management (TTM) of 32°C to 34°C followed
by TTM of 36°C to 37.5°C, or only TTM of 36°C to 37.5°C.'

KEY DIFFERENCES BETWEEN NEONATAL AND PEDIATRIC
GUIDELINES

CGompression-to-Ventilation Ratios

In both neonatal and pediatric cardiopulmonary arrest,
coronary perfusion is essential. The recommendations in

PEDIATRICS Volume 153, number 1, January 2024

the pediatric guidelines are aimed at directly improving
coronary perfusion using higher chest compression rates
and limiting pauses in compressions. The recommenda-
tions in the neonatal guidelines are aimed at indirectly
improving coronary perfusion by first improving lung
aeration and pulmonary perfusion using slower compres-
sion rates and pausing compressions for breaths. The dif-
ferent approaches to coronary perfusion explain the
differences in the approach to resuscitation between the
neonatal and pediatric guidelines (Table 1).

For pediatric patients in cardiopulmonary arrest, mul-
tiple, sequential chest compressions increase diastolic
pressure and enhance coronary perfusion.?® In a pro-
spective multicenter study in the PICU, diastolic blood
pressure =25 mm Hg during CPR was associated with a
greater likelihood of survival to hospital discharge and
survival with a favorable neurologic outcome.** The goal
of increasing coronary perfusion pressure explains the
prioritization of IV epinephrine in the pediatric guide-
lines, with the initial dose administered within 5 minutes
from the start of chest compressions.**

The pulmonary arterial blood pressure in the fetus is
high, and blood flow through the pulmonary circulation
is limited. After delivery, lung expansion results in a drop
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in pulmonary vascular resistance and a concomitant in-
crease in pulmonary blood flow. Increased pulmonary
blood flow, combined with alveolar expansion and oxy-
genation, increases the flow of oxygenated blood back to
the left ventricle. This flow of oxygenated blood improves
coronary artery perfusion.

In the newborn, a patent ductus arteriosus may inhibit
an increase in diastolic pressure during CPR. Animal data
suggest that an increase in diastolic pressure is less criti-
cal to the successful return of spontaneous circulation in
newborns.?>?¢ Hence, slower compression rates and in-
terrupting compressions for ventilations may be toler-
ated. Data from animal models are inconclusive in terms
of the optimal chest compression-to-ventilation ratio in
neonatal asphyxia cardiopulmonary arrest. Ratios of 2:1,
3:1, 4:1, 5:1, 9:3, 15:2, and continuous chest compres-
sions with asynchronous PPV are associated with similar
times to return of spontaneous circulation and mortality
rates,10:27-29

The 2020 pediatric guidelines include an updated ven-
tilation rate of 1 breath every 2 to 3 seconds (20-30
breaths per minute) for infants and children receiving
CPR with an advanced airway in place.'* This new rec-
ommendation was based on a multicenter observational
study demonstrating higher rates of return of spontane-
ous circulation and survival in children <1 year of age
who received higher ventilation rates than previously
recommended.?® This change “narrows the gap” between
neonatal and pediatric guidelines for intubated patients.
However, differences persist in managing nonintubated
patients, the overall number of compressions per minute
(100-120 vs 90), and recommendations to synchronize
compressions and pause for ventilation.

The Sequence of Resuscitation Efforts

A notable difference between the neonatal and pediatric
guidelines is the sequence of steps taken during CPR.
The pediatric guidelines recommend that initiating CPR
with a compressions-airway-breathing (C-A-B) approach
may be reasonable.'’ The C-A-B approach for pediatric
resuscitation was first adopted in 2010.3! Before that,
the pediatric guidelines recommended an airway-breath-
ing-compressions (A-B-C) approach. The reason for the
change was to expedite improvements in coronary perfu-
sion with chest compressions. Using an A-B-C approach,
compressions may be delayed while preparing respira-
tory equipment.31 Since chest compressions only require
the hands of a willing rescuer, the C-A-B sequence allows
for the immediate start of chest compressions while a
second rescuer prepares for ventilation3' The C-A-B se-
quence aligns with the adult resuscitation guidelines and
offers consistency in teaching rescuers that care for both
children and adults.®! It is hoped that consistency across
the pediatric and adult guidelines increases the frequency
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of bystander pediatric CPR3' A recent study from Japan
showed an increased rate of bystander CPR over time;
however, a study from the United States showed no
change %33

The neonatal guidelines state that the most important
priority for newborn survival is the establishment of ade-
quate lung inflation and ventilation after birth.!° Thus, a
primary focus of neonatal resuscitation is lung ventila-
tion. The neonatal guidelines do not include specific lan-
guage on the sequence of resuscitation efforts or make
any explicit recommendations for an A-B-C approach.'®
However, according to the neonatal guidelines, ventila-
tion should be optimized with endotracheal intubation, if
possible, before starting chest compressions (Fig 1).1°

Other Gontent

Since pediatric guidelines cover a wide range of life sup-
port topics, they are much broader in scope compared
with neonatal guidelines. In addition to the content on
respiratory failure, shock, and arrhythmias, content cov-
ered in the pediatric guidelines include the management
of various arrhythmias, including VF, pVT, bradycardia,
and supraventricular tachycardia; the treatment of myo-
carditis and cardiomyopathy; resuscitation of the patient
with a single ventricle; recommendations for treating
children with pulmonary hypertension; and guidelines on
extracorporeal cardiopulmonary resuscitation.!?

Postresuscitative Care

The neonatal and pediatric guidelines differ in their rec-
ommendations for postresuscitation care. The neonatal
guidelines contain recommendations on the postresusci-
tation care of newborns who receive prolonged PPV or
advanced resuscitation (eg, intubation, chest compres-
sions * epinephrine). The neonatal guidelines suggest
that these newborns be closely monitored after stabiliza-
tion in a NICU or a monitored triage area because they
are at risk for further deterioration.!® All infants =36
weeks estimated gestational age who receive advanced
resuscitation should be examined for evidence of HIE to
determine if they meet the criteria for therapeutic hypo-
thermia.'® Therapeutic hypothermia should be provided
to newborns with moderate to severe HIE using proto-
cols like those used in published clinical trials in facili-
ties capable of multidisciplinary care and longitudinal
follow-up.*®

The pediatric resuscitation guidelines include recom-
mendations on postresuscitation care outside the newborn
period and contain information on postcardiopulmonary
arrest syndrome.'* The components of postcardiopulmo-
nary arrest syndrome include brain injury, myocardial
dysfunction, systemic ischemia and reperfusion response,
and persistent precipitating pathophysiology.!' The pedi-
atric guidelines provide recommendations on TTM, blood
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pressure management, oxygenation and ventilation, EEG
monitoring, and seizure management.11 Two potential
strategies of postarrest temperature management are rec-
ommended for infants and children between 24 hours and
18 years of age who remain comatose after arrest.'* Table
1 compares pediatric and neonatal postarrest temperature
management guidelines.

CONSIDERATIONS ON THE USE OF NEONATAL AND PEDIATRIC
GUIDELINES FOR HOSPITALIZED NEONATES AND INFANTS

What Chest Compression-to-Ventilation Ratios Should be
Used?

The neonatal guidelines apply to newborns at birth and in
the days after birth during the first hospitalization.'®**
This suggests that the 3:1 compression-to-ventilation ratio
recommended in the neonatal guidelines may be applied
anytime during the initial hospital stay in the nursery,
NICU, PICU, or PCICU. After hospital discharge and upon re-
admission to the hospital, the compression-to-ventilation
ratios recommended by the pediatric guidelines (Table 1)
may be applied.'! The current guidelines only mention hos-
pital discharge and do not address transfers within the hos-
pital (eg, transfer from the NICU to the PICU or PCICU).**!

There are limited data on what chest compression-to-
ventilation ratios are used during the resuscitation of
hospitalized neonates and infants. Survey studies in the
United States suggest a location-based approach to resus-
citation practice, where the choice of neonatal or pediat-
ric compression-to-ventilation ratios is influenced more
by the patient’s location within the hospital (NICU, PICU,
PCICU) than by first hospitalization or postdischarge sta-
tus.'**3 This location-based practice complements typical
training schemes. Health care teams in the nursery and
NICU typically receive NRP training. Thus, following the
neonatal guidelines aligns with their training. Health care
teams in the PICU and PCICU typically receive PALS
training, so following the pediatric guidelines aligns with
their training.

What Sequence of Resuscitation Efforts Should be
Followed?

Most children receiving cardiopulmonary resuscitation in
the ICU have an initial rhythm of bradycardia and poor
perfusion with signs of cardiopulmonary compromise.’®3*
In cases of bradycardia and cardiopulmonary compromise,
the initial management, according to the pediatrics guide-
lines, is a simultaneous assessment of the etiology and
treatment by managing the airway and providing ventila-
tion and oxygenation.'* If bradycardia and cardiopulmo-
nary compromise persist despite effective oxygenation and
ventilation, CPR should be initiated (Fig 3)."*

Since their inception, the neonatal guidelines have
focused on lung recruitment and ventilation as the
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cornerstone of resuscitation at birth. This is accom-
plished through effective ventilation, either spontane-
ously or assisted via PPV. When providing facemask
PPV to a newborn, mask leaks and upper airway obstruc-
tion are common and can result in ineffective ventilation.>®
Thus, neonatal resuscitation focuses on optimizing PPV and
performing ventilation-corrective steps, including advanced
airway placement, to promote effective ventilation before
starting chest compressions.’® In the NICU, over 80% of
cardiopulmonary arrests start as an acute respiratory com-
promise.l'2 Therefore, focusing on effective ventilation is
critical in both the delivery room and the NICU. Simulation-
based studies suggest that starting chest compressions
early, before ensuring effective ventilation, may subject
newborns to unneeded compressions and shift the team’s
focus away from establishing effective ventilation.>®

There is no evidence that attempting ventilation-
corrective steps in the newborn, including intubation if
needed, before starting chest compressions is inferior to
initiating chest compressions first. According to the pedi-
atric guidelines, there are not sufficient data to support a
recommendation for advanced airway use in IHCA.'!
However, there may be some situations in which early
advanced airway interventions are beneficial.'’ In most
CPR events in the hospital, chest compressions and venti-
lations are started simultaneously because most neonates
and infants that undergo CPR are already intubated.’™’
Thus, for IHCA, the differences between using the pediatric
C-A-B approach or a neonatal approach, focusing on venti-
lation and intubation first, are likely minimal.

Gan Pediatric Resuscitation Guidelines Gontent be
Applied to the NICU?

Prior studies suggest that the content in the pediatric re-
suscitation guidelines applies to some patients in the
NICU. For example, in a multicenter study of CPR in qua-
ternary NICUs, Ali et al found that the etiologies of car-
diopulmonary arrest associated with decreased survival
to discharge included multisystem organ failure, septic
shock, and pneumothorax.’ Many of those etiologies are
not explicitly addressed in neonatal guidelines. In addi-
tion, a cross-sectional survey of NICUs in Israel found
that medications, diagnostic approaches, and procedures
blended neonatal and pediatric guidelines.'* Based on
these reports, it seems reasonable that some pediatric re-
suscitation guidelines may apply in the NICU in some sit-
uations. Table 2 lists some content in the pediatric
resuscitation guidelines applicable to the care of neo-
nates and infants in the NICU.

Should Health Care Teams Receive Training in Both NRP
and PALS?

A common question around resuscitation training is
whether some health care teams should take both NRP
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and PALS. The answer to this question depends on many
factors. A key consideration is the need for the health
care team to have the knowledge and skills taught in the
2 courses. Suppose health care professionals working in
the emergency department, PICU, or PCICU may be called
upon to participate in the resuscitation of newborns at
birth. In that case, they should consider taking an NRP
course. Similarly, if health care professionals working in
the NICU could be called upon to participate in the resus-
citation of a neonate or infant suffering from shock or an
arrhythmia not covered in NRP, they should consider
taking PALS.'*"1¢

There are no data to suggest that attending both NRP
and PALS courses improves CPR outcomes for hospital-
ized neonates and infants. Therefore, the decision on
life support training requirements is up to the health
care teams and their institutions, considering the breadth
of patient age ranges that practitioners are expected to
care for.

Studies suggest there is currently little cross-training
of health care professionals in both NRP and PALS. A na-
tional survey of NICUs, PICUs, and PCICUs by Ali et al
found that only 15% of NICU attending physicians took
PALS, and only 5% of PICU attending physicians took NRP.'?
In the PCICU, 0% of attending physicians took NRP. In a
study of academic neonatologists in the Midwest United
States, 99% maintained NRP, but only 37% maintained
PALS” Data on the training of nonphysicians are limited.
According to a study by Sawyer et al, only 3% of PICU
nurses maintained NRP, and only 5% of NICU nurses main-
tained PALS.'?

Some argue that attending formal NRP and PALS train-
ing courses is unnecessary to gain the knowledge and
skills required to perform the critical components of neo-
natal and pediatric resuscitation competently. For example,
NICU teams could learn how to treat VF or pVT with defi-
brillation without participating in a PALS course, and PICU
teams could learn how to manage a newborn at birth
without taking NRP. Informal training opportunities
such as simulation-based workshops®® and resuscitation
“mini-courses”’®> have been described as ways to gain

TABLE 2 Content in the Pediatric Resuscitation Guidelines Applicable
to Neonates and Infants in the NICU

e Management of respiratory failure outside the newborn period

e Management of VF or pVT

e Management of bradycardia with a pulse

e Management of tachyarrhythmias, including supraventricular
tachycardia

e Treatment of myocarditis and cardiomyopathy

e Resuscitation of the patient with congenital heart disease

e Treatment of pulmonary hypertension
e Extracorporeal cardiopulmonary resuscitation
e Postresuscitation care outside the newborn period
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resuscitation knowledge and skills without attending a
formal life support course. The impact on patient out-
comes from attending such informal training is yet to be
determined.

When Should Teams Transition From Neonatal to
Pediatric Resuscitation Guidelines?

As the cardiopulmonary physiology of the newborn tran-
sitions to that of the neonate and infant, the evidence
upon which the neonatal resuscitation guidelines are
based becomes less applicable. Therefore, it makes sense
to transition from neonatal to pediatric resuscitation
guidelines at some point during the first days, weeks, or
months after birth."®'® In addition to the maturational
changes in cardiopulmonary physiology necessitating a
change from neonatal to pediatric guidelines, some have
expressed concerns about the limited scope of the neona-
tal resuscitation guidelines.’**®'® As seen in Table 1, the
pediatric guidelines cover a broader array of life support
and cardiopulmonary arrest topics than the neonatal
guidelines. This expanded scope may be important in the
NICUs when caring for neonates and infants with pre-
morbid conditions and cardiopulmonary arrest etiologies
not covered in the neonatal guidelines.!™

There are no scientific data to answer the question of
when to transition from neonatal to pediatric resuscita-
tion guidelines. However, prior reports have described
unit-based approaches to this issue. For example, Harer
et al described their experience in a level IV NICU where
pediatric guidelines were used for infants >44 weeks’
postmenstrual age, those with a previous non-PDA car-
diac surgery or intervention, and those with an obvious
identified cardiac arrhythmia.'® Using that strategy, 29%
of NICU patient days qualified for pediatric guidelines.

Since there are no data on which to base recommenda-
tions, health care systems need to determine an approach
that works best for their situation. Table 3 provides some
potential approaches to transitioning from neonatal to pedi-
atric resuscitation guidelines for hospitalized neonates and
infants.

What Postresuscitative Care Guidelines Should be
Followed?

The neonatal guidelines recommend therapeutic hypothermia
for infants 36 weeks or older who receive prolonged PPV or
advanced resuscitation at birth and have evidence of moder-
ate to severe HIE.' This recommendation is based on the
findings of several randomized clinical trials of neonatal thera-
peutic hypothermia.®* The recommendations were not based
on data from neonates treated after cardiopulmonary arrest
in the nursery or NICU. According to the pediatric guidelines,
it is reasonable for infants and children 24 hours or older
who remain comatose after cardiopulmonary arrest to be
treated with either TTM of 32°C to 34°C followed by TTM
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of 36°C to 37.5°C, or only TTM of 36°C to 37.5°C.** There
are no guidelines on the optimal postresuscitative temper-
ature management of neonates outside the immediate
newborn period who are less than 24 hours of age.

SYSTEM ISSUES TO CONSIDER

Avoiding Gonfusion on the Guideline to Follow

Confusion may result when either neonatal or pediatric
resuscitation guidelines could be followed. For example,
suppose a NICU uses neonatal guidelines for some pa-
tients and pediatric guidelines for others. In that case,
team members may become confused about which resus-
citation guidelines to use for a particular neonate. Evi-
dence suggests that shared mental models correlate
positively with superior performance and communication
patterns.*®*! Thus, clarity on the approaches to resusci-
tative practices and ensuring a shared mental model

within the health care team on which resuscitation
guidelines to follow is likely an important factor in im-
proving outcomes from CPR.

Confusion around resuscitation guideline choice can be
mitigated in several ways. The first and most important
is having clear policies.’® Ideally, the policies would be
rooted in outcomes-based data. Unfortunately, there are
no current data to guide decision-making in this area.
Thus, policymakers should select the most appropriate
approach for their specific situation (Table 3). Based on
the policies, patients should be proactively identified,
and signage should be used that specifies the recom-
mended resuscitation guideline. Harer et al describe such
an approach in a level IV NICU where pediatric resuscita-
tion guidelines were used in select circumstances.'”

After policies are developed and patient inclusion pro-
cesses are in place, educational programs can be used for
team training. Training can include case discussions and
simulations. Team training events can help teams optimize

Neonates and Infants

TABLE 3 Potential Approaches to Transitioning From Neonatal Resuscitation to Pediatric Advanced Life Support Guidelines for Hospitalized

Approach Meaning

Example

Pros and Cons

Location-based Resuscitation guidelines are
based on the location of

the patient in the hospital

Neonatal guidelines are used in the
NICU; pediatric guidelines are used
in the PICU and PCICU

Pros: easy to implement strategy; easier to
conduct and maintain training; low likelihood of
team confusion. Cons: older neonates in the
NICU are resuscitated using neonatal guidelines
designed for newborns; newborns in the PICU
and PCICU are resuscitated using pediatric
guidelines designed for infants; may not
support neonates in the NICU with significant
congenital heart disease or arrhythmias

based on the most likely
etiology of arrest

arrest are resuscitated using
pediatric guidelines; Patients with
respiratory arrest are resuscitated
using neonatal guidelines

Age-based Resuscitation guidelines are Patients over 44 wks postmenstrual Pros: allows a transition between guidelines based
based on the patient’s age age® are resuscitated using on maturity of the patient. Cons: arbitrary cut
pediatric guidelines; younger point for transition; challenges conducting and
patients are resuscitated using maintaining training; risk of confusion among
neonatal guidelines health care teams; may not support young
neonates with significant congenital heart
disease or arrhythmias
Patient-based Resuscitation guidelines are Patients with arrhythmia and cardiac Pros: provides a physiologic-based approach, with

an emphasis on high-quality CPR in patients
with a primary cardiac etiology of arrest, and
an emphasis on effective ventilation in patients
with a primary respiratory etiology of arrest.
Cons: it may be difficult to identify the etiology
of arrest (eg, cardiac versus respiratory);
challenges conducting and maintaining training;
risk of confusion among health care teams

Provider-based

Resuscitation guidelines are
based on the health care
team’s training and
experience

Neonatal guidelines are used in the
NICU, where providers are only
required to take NRP; Pediatric
guidelines are used in the PICU or
PCICU, where providers are only
required to take PALS; A hybrid
approach may be used in units
where providers take both NRP and
PALS

Pros: aligns the resuscitation approach to the

knowledge and skills of the health care team;
Low likelihood of team confusion. Cons: older
neonates in the NICU are resuscitated using
neonatal guidelines designed for the newborn;
young neonates in the PICU and PCICU are
resuscitated using pediatric guidelines
designed for infants; may not support neonates
in the NICU with significant congenital heart
disease or arrhythmias

@ 44 wks postmenstrual age includes full-term gestation plus the 28 d of the “neonatal” period.
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decision-making and avoid confusion in the details of re-
suscitation (eg, compression-to-ventilation ratios, etc). As
part of a continuous quality improvement process, institu-
tional resuscitation committees should review resuscitation
performance to ensure policies are followed and determine
if changes are needed. A robust system for postresuscita-
tion debriefings is integral to CPR quality improvement
and can help refine and improve resuscitative practices.*?

Challenges in Maintaining Skills in Both Neonatal and
Pediatric Resuscitation

Performing neonatal or pediatric resuscitation according
to published guidelines is challenging for health care
teams. Audiovisual recordings of real neonatal resuscita-
tions by NRP-trained delivery teams have found clinically
significant errors in patient assessment, PPV, and chest
compressions.*®> Observations of PALS-trained residents
managing a high-fidelity simulation of pVT found errors
in starting compressions within 1 min of pulselessness,
never starting compressions, and not defibrillating in =<3
min after the onset of pVT.**

Additional training opportunities should be offered out-
side the standard NRP and PALS courses where health care
teams are expected to maintain both neonatal and pediatric
resuscitation skills. One option is in situ simulation-based
training.*> Another option is high-frequency, low-dose
booster training.*> Additionally, training sessions on
PPV, chest compressions, and other technical skills using de-
liberate practice with a mastery learning approach should
be considered.*> Monitoring resuscitation team performance
through chart audits or clinical debriefing can help identify
specific high-yield opportunities for improvement.

The Cost of Training Health Care Teams in Both NRP and
PALS

As noted by Doroba, maintaining both NRP and PALS
provider status can be expensive and time-consuming.16
These costs can be prohibitive for health care systems
that employ hundreds of nurses, physicians, respiratory
therapists, and other team members. In estimating train-
ing costs, the direct costs of course attendance (registra-
tion fees and books) and the indirect costs of salary and
benefits paid to the employee while attending the course
must be considered.

Some centers have attempted to overcome the chal-
lenges in crosstraining in both NRP and PALS by devel-
oping custom-made courses. For example, Harer et al
reported a model where only nursing leaders in the NICU
received formal PALS training.'®> A separate “Mini PALS”
course was developed for other nurses. The Mini PALS
course was given during nursing annual education ses-
sions. Nurses also completed brief hands-on bedside sim-
ulations to practice PALS skills. Although this approach
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may be cost-effective, the outcomes of such training are
unknown.

KNOWLEDGE GAPS AND FUTURE DIRECTIONS

Resuscitation science has advanced significantly in the past
few decades.'®! Although scientific advancements have
led to improvements in neonatal and pediatric resuscita-
tion guidelines, there is still much to learn about the resus-
citation of hospitalized neonates and infants. The neonatal
resuscitation guidelines acknowledge gaps in the optimal
approach to resuscitating newborns in the NICU and other
settings outside the delivery room.'® The pediatric resusci-
tation guidelines cite knowledge gaps on the appropriate
age and setting to transition from neonatal to pediatric re-
suscitation protocols and the optimal ventilation and chest
compression rates during CPR.** The authors of this report
identified several other knowledge gaps. More data are
needed on the incidence and etiologies of IHCA of neonates
and infants in the NICU, PICU, and PCICU and outside the
ICUs. The best airway management methods and pediatric
anesthesia providers’ role for IHCA need further clarifica-
tion. Studies are needed on the optimal resuscitation ap-
proach for extremely premature infants, neonates with
sudden unexpected postnatal collapse, bronchopulmonary
dysplasia, pulmonary hypertension, congenital heart dis-
ease, ductal physiology, shock, and other pathophysiologic
states common in the ICU. Finally, long-term, outcomes-
based research is needed to explore the impact of using
different resuscitation approaches on hospitalized neonates
and infants.

CONCLUSIONS

The lack of robust scientific data makes it impossible to pro-
vide definitive recommendations on when to transition from
neonatal to pediatric resuscitation guidelines for hospitalized
neonates and infants. In this report, we have provided an
overview and summary of the existing neonatal and pediat-
ric guidelines and described some potential approaches to
consider when addressing this issue. This report is intended
for general consideration, is based primarily on expert opin-
ion and clinical experience, and will not apply to all cir-
cumstances. Therefore, it is up to health care teams and
institutions to decide if neonatal or pediatric guidelines
are the best choice in a given location or situation. Each
center and health system must determine its approach to
the resuscitation of hospitalized neonates and infants, con-
sidering local circumstances, health care team preferences,
and resource limitations.
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