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The 2020 Korean pediatric cardiopulmonary resuscitation (CPR) guidelines refer to the medical
recommendations derived from the scientific evidence for pediatric advanced life support (PALS).
These guidelines are based on the scientific consensus and treatment recommendations made in
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2020 by the International Liaison Committee on Resuscitation, which establishes the CPR guide-
line. Studies published on PALS were considered in formulating it." Evidence for the revised items
that is of high clinical importance and requires additional consideration was reviewed in an ac-
ceptable adaptation or hybrid format, and a meta-analysis or scoping review was done.

MAJOR CHANGES IN THE 2020 PALS GUIDELINES

When compared with the 2015 guideline,? the changes in the 2020 PALS guidelines are as follows.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/).

Defibrillation energy dose
The first defibrillator dose of 2 J/kg is recommended for shockable rhythms in pediatric cardiac
arrest (Class |, Level B-NR).
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Extracorporeal CPR

In case of pediatric in-hospital cardiac arrest (IHCA) with no re-
sponsiveness to conventional CPR, resuscitation using extracor-
poreal membrane oxygenation (ECMO) can be considered depend-
ing on the availability of resources in the hospital (Class Ilb, Level
C-LD).

Invasive hemodynamic monitoring

It is vital to maintain adequate hemodynamics during CPR of in-
fants or children; however, the usefulness of invasive hemodynamic
monitoring for maintaining systolic and diastolic blood pressure
during resuscitation is uncertain (Class Ilb, Level C-LD).

Cardiac arrest due to myocarditis or dilated
cardiomyopathy

For children with impending or occurring cardiac arrest due to
myocarditis or dilated cardiomyopathy, early transfer to a hospital
where mechanical circulatory support, such as ECMO and ven-
tricular assist device, is available should be considered (Class Ilb,
Level C-LD).

Factors predicting the outcomes during cardiac arrest
In case of IHCA with non-shockable rhythm, epinephrine should
be administered within 5 min after the initiation of chest com-
pressions (Class |, Level C-LD).

Waveform capnography monitoring in pediatric IHCA may be
considered for predicting a return of spontaneous circulation (ROSC)
(Class Ilb, Level C-LD).

Targeted temperature management post-cardiac arrest
When performing targeted temperature management (TTM) in
comatose pediatric patients after cardiac arrest, it is effective to
set a target temperature of 32°C to 34°C or 36°C to 37.5°C, and
actively monitor the body temperature to prevent fever (Class lla,
Level C-LD).

Oxygen and carbon dioxide targets after ROSC

For children who achieve ROSC after CPR, it can be beneficial to
measure the partial pressure of arterial oxygen and carbon diox-
ide (CO2), and manage them with appropriate goals depending on
their condition. In the absence of special consideration, it is rea-
sonable to maintain normal levels of oxygen and CO, (Class lla,
Level C-LD).

Factors predicting the prognosis after ROSC
For neurological prognosis after ROSC in children, it may be nec-
essary to monitor the occurrence of convulsions, examine bioche-
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mical markers (neuron specific enolase, S100 protein, lactate, del-
ta neutrophil index [DNI]), or perform diffusion-weighted magnetic
resonance image (Class Ilb, Level C-LD).

Blood pressure monitoring and DNI test can be useful to pre-
dict discharge and short-term survival in children who have ROSC
after IHCA and out-of-hospital cardiac arrests (OHCA) (Class b,
Level C-LD).

SEQUENCE OF PEDIATRIC ADVANCED LIFE
SUPPORT

PALS should be immediately performed following pediatric basic
life support (PBLS), if possible. Figs. 1 and 2 show the algorithm
for PALS. PBLS includes recognition of the patient with no re-
sponse and breathing, activation of the emergency service sys-
tem, checking the patient's pulse and respiration within 10 sec-
onds, and initiating CPR. High-quality CPR should be also per-
formed in the same way as in PBLS—chest compressions depth of
1/3 of chest wall thickness or 4 cm in infants and 4 to 5 ¢cm in
children, compression rate of 100-120/min, allowing complete
chest recoil after each compression, avoiding excessive ventila-
tion, and minimizing discontinuation of chest compression. The
compression-ventilation ratios for 1- and 2-rescuers are 30:2
and 15:2, respectively. If the advanced airway is secured, provides
1 breath every 6 seconds (about 10 breaths/min) regardless of
compression. To prevent rescuer fatigue and decline in the quality
of chest compressions, the role of rescuers can be switched every
2 minutes. An electrocardiogram (ECG) monitoring device or AED
pads should be attached as early as possible. After analyzing the
ECG rhythms, appropriate action must be taken.

During the coronavirus disease 2019 (COVID-19) pandemic, if
cardiac arrest is confirmed, personal protective equipments should
be used before CPR and the use of CPR devices, if available, should
be considered (Fig. 3). CPR is initiated after confirming its neces-
sity, thereby minimizing the number of participants receiving CPR.
Personal protective equipment for airborne precautions should be
worn during the aerosol-generating procedures (chest compres-
sions, airway securing, and ventilation), and fluid-resistant surgi-
cal masks, eye protections, short-sleeved aprons, and gloves should
be worn during defibrillation. After beginning CPR and analyzing
ECG rhythms, defibrillation is performed once in cases of shock-
able rhythms, following endotracheal intubation. In cases of non-
shockable rhythms, intubation is immediately performed after
checking rhythms, following which CPR is continued. During en-
dotracheal intubation, chest compressions are stopped, video la-
ryngoscope is used if possible, and a ventilator with a filter is con-
nected. When the intubation is delayed, the supraglottic airway
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Continue CPR
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Defibrillation
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(0.01 mg/kg, 0.1 mL/kg 1:10,000)
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Defibrillation No

CPR 2 min
IV/IO access
Epinephrine every 3-5 min

(0.01 mg/kg, 0.1 mL/kg 1:10,000)
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CPR 2 min CPR 2 min
Consider advanced airway, capnography Consider advanced airway, capnography

!

No Yes
Shockable rhythm? Shockable rhythm?
Yes
A
Defibrillation No
Y
iy CPR 2 min
Amiodarone (or lidocaine) .
Treat reversible causes (5H5T) Treat reversible causes (SHST)
Yes

< Shockable rhythm?

No
Shockable rhythm? )—»

Yes

No Y A

A \4

If ROSC occurs, intensive monitoring and
post-cardiac arrest care
If no ROSC, continue treatment of asystole/PEA

Continue treatment of VF/pVT Continue treatment of VF/pVT

Consider eCPR, if available Consider eCPR, if available

Fig. 1. Pediatric cardiac arrest algorithm for advanced life support team in the hospital. CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation;
pVT, pulseless ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous; |0, intraosseous; 5H, hypothermia, hypoxia, hypovolemia, hypo-
kalemia/hyperkalemia, and hydrogen ion-acidosis; 5T, tamponade, thrombosis-pulmonary or cardiac, toxin, tension pneumothorax, and trauma; eCPR,
extracorporeal CPR; ROSC, return of spontaneous circulation.

(SGA) is inserted or a bag-mask-ventilation with high-efficiency
particulate absorbing filter is used.* After CPR, the rescuers should
wash their hands with soap and water as soon as possible or dis-
infect their hands with alcohol-based hand sanitizer in accor-

Clin Exp Emerg Med 2021;8(S):581-595

dance with the infection control guidelines; moreover, it is rec-
ommended to change clothes. In addition, local health authorities
should be contacted to check for COVID-19 testing and self-iso-
lation.
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’
If ROSC occurs, intensive monitoring and hospital transfer
If no ROSC, continue treatment of asystole/PEA

Continue treatment of VF/pVT

Continue advanced life support for 10 min,
then hospital transfer
L or follow medical oversight

Fig. 2. Pediatric cardiac arrest algorithm for emergency medical team in the field. CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; pVT,
pulseless ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous; 10, intraosseous; 5H, hypothermia, hypoxia, hypovolemia, hypokale-
mia/hyperkalemia, and hydrogen ion-acidosis; 5T, tamponade, thrombosis-pulmonary or cardiac, toxin, tension pneumothorax, and trauma; ROSC, return

of spontaneous circulation.
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Continue treatment of VF/pVT
Consider eCPR, if available

If ROSC occurs, intensive monitoring and
post-cardiac arrest care
If no ROSC, continue treatment of asystole/PEA

Continue treatment of VF/PVT
Consider eCPR, if available

Fig. 3. Pediatric cardiac arrest algorithm for advanced life support team in the hospital in the COVID-19 pandemic state. PPE, personal protective equip-
ment; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; pVT, pulseless ventricular tachycardia; PEA, pulseless electrical activity; IV, intrave-
nous; |0, intraosseous; 5H, hypothermia, hypoxia, hypovolemia, hypokalemia/hyperkalemia, and hydrogen ion-acidosis; 5T, tamponade, thrombosis-pul-
monary or cardiac, toxin, tension pneumothorax, and trauma; eCPR, extracorporeal CPR; ROSC, return of spontaneous circulation.
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Non-shockable rhythms (asystole/pulseless electrical
activity)

If the ECG rhythm is non-shockable, chest compression should be
immediately performed. After a route for drug administration is
achieved, administer 0.01 mg/kg epinephrine (0.1 mL/kg of
1:10,000 solution) every 3 to 5 minutes while continuing CPR.
The rhythms must be checked again at the time of the chest com-
pression shift, and if the rhythm is non-shockable, CPR should be
continued with epinephrine administration until there is evidence
of ROSC or a decision to stop resuscitation is made. If the rhythm
changes to shockable, defibrillation must be performed any time
and immediately chest compression must be restarted. And then,
after 2 minutes, the rhythm should be checked again. To correct
the reversible causes of pediatric cardiac arrest, 5H (hypothermia,
hypoxia, hypovolemia, hypokalemia/hyperkalemia, and hydrogen
jon-acidosis) and 5T (tamponade, thrombosis-pulmonary or car-
diac, toxin, tension pneumothorax, and trauma) should be checked
and corrected.

Shockable rhythms (ventricular fibrillation/pulseless
ventricular tachycardia)
If shockable rhythms are confirmed, the first defibrillation is done
at a dose of 2 J/kg. If the first defibrillation fails, there is no ad-
vantage in consecutively performing another with increased en-
ergy. Because CPR promotes perfusion of the coronary arteries
and increases the likelihood of successful next defibrillation, it is
more important to promptly initiate chest compressions than to
perform additional defibrillation. Additionally, the rescuers should
be thoroughly prepared for minimizing the interval between
pausing the chest compressions and conducting defibrillation and
restarting compression immediately after defibrillation. If an in-
travenous (IV) or intraosseous (I0) route for drug administration
is achieved, administer epinephrine (0.01 mg/kg or 0.1 mL/kg of
1:10,000 solution) after the first shock and repeat administration
every 3 to 5 minutes during CPR. After 2-minute CPR, rhythms
should be rechecked. If organized rhythms are observed, pulse
should be monitored to determine whether it is a perfusing rhythm.
However, if shockable rhythms are maintained, defibrillation should
be done at a dose of 4 J/kg and compression must be immediate-
ly restarted. During the next cycle of CPR, preparations should be
made by increasing the energy dose of the defibrillator charging
(maximum 10 J/kg or less than the dose for adults). In cases where
defibrillation fails, amiodarone or lidocaine should be adminis-
tered while continuing CPR. Whenever the rhythms become non-
shockable, the cardiac arrest flowchart for non-shockable rhythms
should be followed.

Torsades de pointes is polymorphic ventricular tachycardia (VT)
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associated with a prolonged QT interval. It typically rapidly pro-
ceeds to ventricular fibrillation (VF) or pulseless VT. Therefore, if
pulseless VT- or VF-induced cardiac arrest occurs, a rescuer should
initiate CPR and perform defibrillation. Magnesium (25-50 mg/kg,
maximum single dose 2 g) should be intravenously and rapidly
(throughout several minutes) administered, regardless of the causes.
Rescuers must also try to identify and manage other reversible
causes, such as 5Hs and 5Ts.

ADVANCED AIRWAY MANAGEMENT

There is no major change in the management of the airway from
the 2015 guidelines for one-[two-rescuer bag-mask ventilation
and endotracheal intubation.”

SGA

SGA is a type of airway device that assists ventilation when in-
serted into the pharynx, and one of the most common products is
the laryngeal mask airway (LMA). The LMA is a tube with a cuffed
mask at the end, which covers the upper side of the larynx to al-
low ventilation. For appropriate placement of LMA, it should be
inserted until resistance is felt from the hypopharynx, following
expansion of the cuff. If bag-mask ventilation or endotracheal
intubation is not feasible, SGA can be used by an experienced op-
erator.*'* However, since this device is considerably more sensi-
tive to the patient's movement than the endotracheal tube, at-
tention should be paid while fixating it for preventing its displace-
ment when moving the patients. The cause of cardiac arrest in
children may be associated with respiratory issues; therefore, it is
essential to check for the presence of any foreign body in the mouth
or airway prior to SGA insertion.

DRUG ADMINISTRATION DURING PALS

Routes of drug administration

10 route

10 route is a fast, safe, and effective technique for drug adminis-
tration, fluid resuscitation, and laboratory testing in children and
is particularly useful as the first route in case of cardiac ar-
rest.”*' If IV access is unavailable in infants or children with se-
vere shock or impending cardiac arrest, an 10 route should be pri-
marily tried.'*'® Most of the resuscitation drugs, including epi-
nephrine, atropine, and other catecholamines can be intraosse-
ously administered, and there are no differences in the time to
onset or the time to maximum hemodynamic response after 10 or
IV injection."” To help the drugs quickly reach the central circula-
tion, it is recommended to inject 5 to 10 mL of normal saline fol-

www.ceemjournal.org
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lowing each drug administration. A pressure bag or infusion
pump can be used to facilitate the administration of high-viscos-
ity drugs or to deliver fluids quickly. Blood tests such as electro-
lytes, blood types, and gas analysis are also possible immediately
after securing an 10 route or within 15 minutes after CPR, and the
results are similar to those obtained from venous blood."

IV route

If a peripheral IV route can be quickly secured during CPR, it would
be useful. However, it is very challenging to access the peripheral
IV route of pediatric patients in an emergency situation.”® The
central venous catheter (CVC) can be used safely for a long dura-
tion; however, it takes a significant amount of time to insert a
CVC successfully and requires an experienced operator. Because
of such limitations, CVC is not recommended as the initial route
of drug administration in an emergency. Nevertheless, as a reli-
able route to reach blood circulation, CVC is significant in that it
allows safe administration of drugs that can cause tissue damage
when leaking into the surrounding area, such as vasoconstrictors,
sodium bicarbonate, or calcium. To perform rapid fluid resuscita-
tion with lesser resistance, a CVC with shorter length, wider di-
ameter, and as few lumens as possible should be used.

Endotracheal drug administration

If 10 or IV route is not feasible during resuscitation, the endotra-
cheal administration limited to fat-soluble drugs (lidocaine, epi-
nephrine, atropine, and naloxone) is possible, but the effect is not
consistent.' After drug administration, chest compressions should
be discontinued and at least 5 mL saline solution should be admi-
nistered. Thereafter, positive pressure ventilation should be per-
formed five times.?® The appropriate dose of drugs for endotra-
cheal administration is unknown; however, approximately 2 to 3
times the IV dose (10 times the IV dose for epinephrine) is typi-
cally recommended. Fat-insoluble drugs, such as sodium bicar-
bonate or calcium, should not be endotracheally administered
because they cause tracheal injuries.”

Measurement of patient weight in emergency situations

In emergency situations, the drug dosage for the pediatric patients
should be determined by weight. Experienced medical staff may
not accurately estimate the patient's weight based on the physi-
cal appearance. A method using a weight estimation formula ac-
cording to the age is not feasible because the age of a patient
may also be unknown, and the range of normal weights by age is
too broad.”? However, the height can be easily measured in emer-
gency, and the patient's weight can be estimated relatively accu-
rately using the height.?® After estimating the weight from height,

Clin Exp Emerg Med 2021;8(S):581-595
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the resuscitation tape that contains the calculated doses of drugs
by estimated weight should be used.”**** It is recommended to
use the Korean Pediatric Emergency Tape produced by the Korean
Association of Cardiopulmonary Resuscitation in 2018. However,
if a child weight > 25 kg or is relatively old, the weight estimated

from the height may be less than the actual weight.***%*’

Drugs used for PALS (Table 1)

Epinephrine

Vasoconstriction mediated by the a-adrenergic receptor is the
most important pharmacological action of epinephrine in cardiac
arrest. Vasoconstriction increases aortic diastolic pressure, lead-
ing to an increase in coronary perfusion pressure, which is an im-
portant determinant for successful CPR.**** Coronary perfusion
pressure, increased by epinephrine during chest compressions, in-
creases oxygen supply to the heart. Furthermore, epinephrine in-
creases cardiac contractility and stimulates spontaneous contrac-
tions, improving the success rate of defibrillation by increasing
the amplitude of VR,

In children with bradycardia accompanied by symptoms and
who are nonresponsive to effective ventilation or oxygenation,
epinephrine can be administered. The most common rhythms ob-
served in pediatric patients with cardiac arrest are asystole and
bradycardia. Epinephrine may generate a rhythm that enables
perfusion in such patients. Particularly, the rapid administration
within 5 minutes after cardiac arrest has a good effect on prog-
nosis of a patient.*® The dose of epinephrine for initial resuscita-
tion is 0.01 mg/kg (0.1 mL/kg of 1:10,000 solution), when it is in-
travenously or intraosseously administered. Epinephrine is repeat-
edly administered with the same dose every 3 to 5 minutes during
resuscitation. The degree of drug absorption and blood concentra-
tion is unpredictable, but the endotracheal administration of epi-
nephrine is also considered if the IV or 10 route is not feasible
(recommended dose: 0.1 mg/kg or 0.1 mL/kg of 1:1,000 solution).
Because acidosis or hypoxia may cause a decline in catecholamine
activities, it is important to focus on ventilation, oxygenation, and
circulation. Epinephrine is inactivated by alkaline solutions; there-
fore, it should not be mixed with sodium bicarbonate.

Amiodarone

Amiodarone delays atrioventricular (AV) nodal conduction, pro-
longs the refractory period, increases QT intervals, and delays ven-
tricular conduction. The drug can be administered to the follow-
ing patients: supraventricular tachycardia not responding to ade-
nosine administration and cardiac arrest with VF/pulseless VT. In
cardiac arrest, amiodarone at a dose of 5 mg/kg can be intrave-
nously or intraosseously administered. If a pulse is present, it can
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Table 1. Medications commonly used in pediatric advanced life support

2020 CPR guidelines: pediatric advanced life support

Medication Dose Remark
Adenosine 0.1 mg/kg (maximum 6 mg) Monitor ECG
Rapid IV/IO bolus with flush
Amiodarone 5 mg/kg IV/10; may repeat twice up to 15 mg/kg Monitor ECG and blood pressure; adjust administration rate according to the urgency

Maximum single dose 300 mg

Atropine 0.02 mg/kg IV/IO

0.04-0.06 mg/kg ET (flush with 5 mL of normal saline and
follow with 5 ventilations)
Maximum single dose: 0.5 mg
Calcium chloride (10%) 20 mg/kg IV/I0
Maximum dose 2 g
Epinephrine 0.01 mg/kg (0.1 mL/kg 1:10,000) IV/I0
0.1 mg/kg (0.1 mL/kg 1:1,000) ET (flush with 5 mL of
normal saline and follow with 5 ventilations)
Maximum dose 1 mg IV/I0; 2.5 mg ET
Glucose 0.5-1 g/kg IV/IO

Lidocaine Bolus: 1 mg/kg IV/IO
Infusion: 20-50 mcg/kg/min
Magnesium sulfate 25-50 mg/kg IV/IO over 10 to 20 minutes, faster in
torsades de pointes

Maximum dose 2 g
Sodium bicarbonate 1 mEqg/kg per dose IV/IO slowly

(IV push during cardiac arrest, more slowly over 20 to 60 minutes with perfusing
rhythm)

Expert consultation strongly recommended prior to use when patient has a perfusing
rhythm

Use caution when administering with other drugs that prolong the QT interval (obtain
expert consultation)

Higher doses may be used with organophosphate poisoning

Administer slowly

May repeat every 3 to 5 minutes

Newborn: 5-10 mL/kg D10OW
Infants and children: 2-4 ml/kg D25W
Adolescents: 1-2 mL/kg D50W

After adequate ventilation

ECG, electrocardiogram; IV, intravenous; IO, intraosseous; ET, endotracheal.

be slowly administered; however, in cardiac arrest, it should be
administered quickly. During the administration of amiodarone,
hypotension may occur due to the vasodilating action. When this
drug is administered, the occurrence of complications, such as
bradycardia, AV block, and torsades de pointes, should be moni-
tored via ECG. Caution is all the more necessary when amioda-
rone is co-administered with drugs that induce QT prolongation.

Lidocaine

Lidocaine lowers myocardial automaticity and inhibits ventricular
arrhythmias. In infants and children with VF/pulseless VT that does
not respond to defibrillation, either amiodarone or lidocaine can
be used.*'** When VF/pulseless VT nonresponsive to defibrillation
persists after the rapid administration of 1 mg/kg of the drug, the
administration can be repeated every 5 to 10 minutes.

Adenosine

Adenosine temporarily blocks AV nodal conduction and interrupts
the re-entry mechanism. The half-life of adenosine is extremely
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short at < 10 seconds; therefore, adenosine has a wide safety range.
When administered via the peripheral route, a higher dose may
be required than via the central line. Intraosseous adenosine ad-
ministration is feasible, and the dose is the same as that of the IV
administration. Additional normal saline should be provided im-
mediately after rapid IV adenosine administration within 1 to 2
seconds to deliver adenosine into the central circulation.

Atropine

Atropine is a parasympatholytic agent that increases heart rate
and improves AV conduction. There is no evidence to administer
atropine in CPR. Atropine can be used only when there is a high
risk of bradycardia in emergency endotracheal intubation, such as
hypovolemic state or usage of succinylcholine®* However, the
routine administration of atropine during endotracheal intuba-
tion is not recommended in infants and children.*"*% A dose of
0.02 mg/kg is intravenously/intraosseously administered and used
without a minimum dose.

www.ceemjournal.org
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Glucose

Infants and children have high glucose requirements and little
glycogen is stored. Accordingly, they can easily become hypogly-
cemic when the energy requirements increase. Therefore, in cases
of coma, shock, or respiratory failure, the blood glucose level
should be carefully monitored at the bedside. If low level of blood
glucose is confirmed, it should be treated with a fluid containing
glucose.”” Because high glucose solution may result in thrombo-
sis, hyperglycemia, and intracranial hemorrhage in infants, 10%
or 25% (1:1 diluted 50% glucose) glucose solution should be ad-
ministered. It is recommended to treat hypoglycemia with an IV
bolus injection of 0.5 to 1.0 g/kg of glucose, followed by constant
glucose fluid administration.

Sodium bicarbonate, calcium, magnesium
There is no change from the 2015 PALS guideline.?

DEFIBRILLATION

The ideal defibrillator would be the one containing a device that
controls the energy dose for children. When using a manual defi-
brillator, the following instructions should be considered.

Size of electrodes

Typically, manual defibrillators are equipped with two sizes of
electrodes, one for adults and the other for infants. Infant elec-
trodes are superimposed above or below the adult electrodes.
During defibrillation, the largest electrodes suitable for the chest
of children should be used. The distance between the electrodes
should be at least 3 cm so that they do not touch each other. The
defibrillation effect remains the same regardless of the type of
electrodes. Electrodes of adult sizes (8-10 c¢m) are used for chil-
dren weighing over 10 kg or aged >1 year and those of infant
sizes are used for infants weighing < 10 kg or aged <1 year.

Contact surfaces and electrode placement

Electrode gel must be applied when manual electrodes are used.
Saline, ultrasound gel, and alcohol should not be used as a sub-
stitute for electrode gel. Manual electrodes are placed on the
right side of the chest and the apical region (on the left side of a
nipple over the lower ribs in the left side) to ensure that the heart
can be located between two electrodes. Pressure should be firmly
applied to the electrodes against the chest. There are no particu-
lar merits of positioning electrodes anterior and posterior to the
rib cage; however, if the two electrodes are too close to each
other (within 3 cm), they can be placed at those positions.
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Dose of energy

When infants and children have VF or pulseless VT, the first ener-
gy dose of 2 J/kg in both monophasic or biphasic defibrillators is
recommended. Energy dose from the second defibrillation should
be greater than or equal to 4 J/kg and should not exceed the max-
imum dose in adults. If there is no applicable energy dose in a
defibrillator, the next highest energy dose on the panel should be
used. ¥4

Extracorporeal CPR

Extracorporeal CPR (ECPR) refers to CPR with the application of
venoarterial ECMO in patients with no ROSC. CPR using ECMO
requires various resources and multidisciplinary collaboration;
therefore, its usage is limited to hospitals with adequate facilities.
A study has reported that ECPR improves the prognosis after car-
diac arrest; however, to date, evidence for a conclusive statement
about its use in all cardiac arrests remains insufficient.*'* In chil-
dren who underwent CPR for > 10 minutes due to IHCA, improved
survival discharge rates and good neurological outcomes were
reported when ECPR was performed.*® Therefore, in case of pedi-
atric IHCA, ECPR can be considered when the hospital has a pro-
tocol for CPR using ECMO, trained experts, and specialized equip-
ment.>* However, there is still not enough evidence to use ECMO

as the basic treatment for CPR in non-cardiac causes of arrest.>*¢

PATIENT MONITORING DURING CPR

In CPR for infants and children, patient monitoring can help im-
prove outcomes as it can support high-quality CPR such as effec-
tive chest compression, adequate respiration support, and evalu-
ation of ROSC.

ECG

The ECG electrodes should be attached as soon as possible to
check the rhythm and manage it appropriately. Constant ECG
monitoring is recommended to evaluate the response to drugs
during resuscitation.

Pulse oximetry

Measurement of oxygen saturation using pulse oximetry is not a
proper monitoring method during CPR because pulsatile blood
flow to the peripheral tissues is poor when the cardiac output
decreases.

Echocardiography
Echocardiography is helpful in identifying correctable causes of
cardiac arrest (cardiac tamponade, complex cardiac malforma-
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tions related disorders, pulmonary embolism, etc.), which may
occur related to cardiac disorders. However, owing to the small
body size of children, chest compression inevitably needs to be
discontinued to ensure adequate visibility for echocardiography,
and the ability to find correctable causes is also limited. There-
fore, given the risk and benefit of performing an echocardiogra-
phy, there is insufficient evidence for its usefulness in pediatric
CPR.

Blood pressure

If a patient in a pediatric intensive care unit (ICU) has an arterial
line, the adequacy of chest compressions and ROSC can be evalu-
ated and identified through pressure waveform and blood pres-
sure monitoring during CPR. Controlling chest compression and
relaxation, along with monitoring the arterial systolic and dia-
stolic blood pressure, can help maintain adequate coronary blood
flow and cerebral blood flow and ultimately improve CPR out-
comes and prognosis. However, there is no sufficient and accu-
rate evidence of an association between inserting invasive hemo-
dynamic monitoring devices during CPR for monitoring and the
patient prognosis.

EtCO, monitoring

In cardiac arrest, end-tidal CO, (EtCO,) is almost zero because
there is no blood flow that delivers CO, constantly produced by
the body to the lungs. When CPR is performed, gas is delivered to
the lungs by an increased blood flow in the pulmonary arteries.
Accordingly, EtCO, is proportional to the cardiac output if ventila-
tion is constant. Therefore, continuous monitoring of EtCO; is
helpful in evaluating the adequacy of chest compressions during
CPR. If EtCO; is consistently <10 mmHg during resuscitation, ef-
forts must be made to increase cardiac output by performing
chest compressions more effectively; meanwhile, it may result
from hyperventilation. EtCO; >30 mmHg can be considered as
an indicator of ROSC. Measurement of EtCO, can be a method of
identifying ROSC more quickly than palpating a pulse between
chest compressions.”’” However, it is necessary to recognize the
effect of drug administration.*®*® When a vasoconstrictor such as
epinephrine is administered, pulmonary blood flow decreases,
leading to a reduction in EtCO.. After sodium bicarbonate admin-
istration, EtCO, can increase.

In a recent prospective multi-center pediatric ICU study, EtCO,
of >20 mmHg during CPR was not related to survival to discharge
rates or ROSC rates, and there was no difference in EtCO, between
survivors and non-survivors.*® However, the researchers suggested
that further studies are required to evaluate the usefulness of
capnography in pediatric CPR because the present study might be
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affected by the ventilation status of patients and drug adminis-
tration.

CARDIAC ARREST DUE TO MYOCARDITIS
AND DILATED CARDIOMYOPATHY

In case of patients with acute myocarditis who have ECG abnor-
malities such as AV block and ST segment changes, close monitor-
ing in pediatric ICU is recommended owing to the high probability
of cardiac arrest.®' Early implementation of extracorporeal circula-
tory assistance in patients with decreased cardiac output due to
myocarditis or dilated cardiomyopathy may help prevent arrest,
but the evidence is still insufficient.®*** Since successful ROSC in
these children is very difficult, it is recommended to early transfer
them to hospitals where extracorporeal circulatory assistance
such as ECMO or ventricular assistance devices are available.

POST-CPR MANAGEMENT

It is recommended to treat patients with cardiac arrest who have
achieved RSOC in an ICU where intensive care is available. To
maintain adequate ventilation and oxygenation, the respiratory
and the cardiovascular system should be managed, and active
management of respiratory failure and shock is required. If the
patient is in a coma state, TTM can be considered. For further ba-
sic management based on organs, refer to the 2015 guideline.”

™™

In a recent systematic review that included two randomized clini-
cal trials and eight cohort studies, 2,060 pediatric patients in coma
with ROSC were analyzed.*® Compared with TTM at 32°C to 34°C,
there was no difference in neurological outcomes, survival rates,
and adverse effects when TTM was at 36°C to 37.5°C or no active
temperature management was performed.®® Meanwhile, a sub-
analysis showed that in pediatric patients with OHCA, TTM at
32°C to 34°C improved the short-term (30 days) and mid-term (6
months) survival rates compared with TTM at 36-37.5°C or no
TTM.%8 However, in children with IHCA, TTM at 32°C to 34°C showed
statistical harm to the neurological outcomes and survival rates
at 3 to 6 months.5” On sub-analysis of pediatric patients with as-
phyxial cardiac arrest, TTM at 32°C to 34°C was associated with
improvement of the short-term (30 days) and mid-term (6 months)
survival rates compared with TTM at 36°C to 37.5°C or no TTM.
However, in cardiac arrest caused by drowning and psychogenic
reasons, there was no difference in survival rates and neurologi-
cal prognosis. Consequently, there is inadequate evidence for rec-
ommending TTM at specific temperatures (approximately 32°C to
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34°C or 36°C to 37.5°C) after ROSC in pediatric patients. However,
since several studies showed hyperthermia in considerable cases
during post-CPR and reported that fever is associated with poor
neurological prognosis, it is expected that TTM will be able to
treat and prevent an increase in body temperature. Therefore, in
pediatric patients who achieved ROSC after cardiac arrest, body
temperature should be actively monitored to prevent fever re-
gardless of TTM. Furthermore, it is recommended to set the target
temperature between 32°C to 34°C or 36°C to 37.5°C when im-
plementing TTM.

Respiratory system

In all infants and children who recover from CPR, Pa0, and PCO,
should be measured, and adequate goals should be set up to
manage it. There is no randomized controlled trial comparing sur-
vival rates and neurological prognosis according to target values
of Pa0; and PCO; in children following resuscitation. However, in
observational studies with the low level of evidence, hyperoxemia
or hypoxemia was not related to prognosis and both hypercapnia
and hypocapnia were reportedly related to low survival rates.®®”
Therefore, it is recommended to maintain normal PaO; and PCO,
in children after ROSC, if there is no other specific goal. However,
in patients with congenital heart disease, appropriate Pa0, can
differ from that in patients with a normal cardiovascular system
according to the anatomical and physiological conditions. There-
fore, in pediatric patients, cardiovascular malformation should be
evaluated immediately after resuscitation; if suspected, early
evaluation including echocardiography should be considered.

Cardiovascular system

Since circulatory disorders often persist after recovery from car-
diac arrest, the cardiovascular system should be constantly evalu-
ated for the early detection of decreased cardiac output and oc-
currence of shock. Heart rate, blood pressure, and oxygen satura-
tion is continuously monitored, and direct evaluation of patients
should be also repeated at least every 5 minutes. In hemodynami-
cally unstable children, blood pressure measured with cuff may
be inaccurate, thus blood pressure monitoring via arterial line is
recommended in patients with cardiovascular dysfunction. Dur-
ing post-CPR management, systolic blood pressure should be
maintained at least in the 5th percentile by age through IV fluid
resuscitation or drug administration.”*”* A fluid bolus of 20 ml/kg
should first be given, unless cardiac function is decreased. If hy-
potensive shock persists, epinephrine, dopamine, and norepineph-
rine administration can be considered. On the other hand, when
normotensive shock appears, dobutamine, dopamine, epinephrine,
or milrinone administration can be considered. The selection and
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dose of all drugs should be personalized to an individual patient
and be administered via a secure |V route. Meanwhile, the cor-
rectible causes of shock, such as 5Hs and 5Ts, should be checked.

To identify the circulatory status of patients, central venous
blood, arterial blood gas analysis, serum electrolyte, glucose, cal-
cium, and lactate levels should be measured. It is necessary to
consult with specialized departments, and if the facility is a small
medical institute with limited resources, the patient should be
transferred to a tertiary hospital.

Nervous system

The primary goal of CPR is maintaining brain function. Even after
resuscitation, care must be taken to prevent secondary nervous
system injury. Neurophysiological monitoring such as EEG can
help to identify the patient's neurological status and establish the
prognosis. Non-convulsive seizures and non-convulsive status
epilepticus are common after pediatric cardiac arrest, and it is
difficult to identify them without EEG monitoring.”*7® Convulsive
and non-convulsive status epilepticus are associated with poor
prognosis.” Therefore, it is recommended to constantly monitor
the EEG for identifying any kind of seizures in children, if possible.
Moreover, if there is clinical seizure, it must be treated, and in
case of non-convulsive status epilepticus, consulting neurologists
is recommended.”*®° EEG monitoring within 1 week of cardiac ar-
rest helps predict the prognosis of cardiac arrest.”%% |n addi-
tion, it can help identify seizures in patients using ECMO. However,
further studies are required to identify whether such monitoring
can improve the neurological prognosis.

PREDICTORS OF OUTCOMES

There are no established predictors of neurological and survival
outcomes in children with ROSC. It is recommended to select clini-
cal, hematological, and imaging tests suggested in the guidelines
according to the hospital environment. In children with ROSC from
OHCA and [HCA, blood pressure monitoring and DNI can be con-
sidered to predict survival to discharge rates and short-term sur-
vival rates.®*® Furthermore, EEG monitoring to detect seizures and
biochemical marker tests including blood NSE, S100 proteins,
DNI, and diffusion-weighted magnetic resonance imaging can be
considered to predict the neurological prognosis.®*#¢# A single-
center retrospective observational study that targeted pediatric
patients with OHCA showed that lactate level, Glasgow coma scale
score, and the response to the pupillary light reflex test (which
was conducted before initiating TTM immediately after ROSC)
were factors that were significantly associated with the 6-month
neurological prognosis.”
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