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Abstract

IMPORTANCE—Pediatric in-hospital cardiac arrest (IHCA) occurs frequently and is associated 

with high morbidity and mortality. The objective of this narrative review is to summarize 

the current knowledge and recommendations regarding pediatric IHCA and cardiopulmonary 

resuscitation (CPR).

OBSERVATIONS—Each year, more than 15 000 children receive CPR for cardiac arrest during 

hospitalization in the United States. As many as 80% to 90% survive the event, but most 

patients do not survive to hospital discharge. Most IHCAs occur in intensive care units and 

other monitored settings and are associated with respiratory failure or shock. Bradycardia with 

poor perfusion is the initial rhythm in half of CPR events, and only about 10% of events have 

an initial shockable rhythm. Pre–cardiac arrest systems focus on identifying at-risk patients and 

ensuring that they are in monitored settings. Important components of CPR include high-quality 

chest compressions, timely defibrillation when indicated, appropriate ventilation and airway 

management, administration of epinephrine to increase coronary perfusion pressure, and treatment 

of the underlying cause of cardiac arrest. Extracorporeal CPR and measurement of physiological 

parameters are evolving areas in improving outcomes. Structured post–cardiac arrest care focused 

on targeted temperature management, optimization of hemodynamics, and careful intensive care 

unit management is associated with improved survival and neurological outcomes.

CONCLUSIONS AND RELEVANCE—Pediatric IHCA occurs frequently and has a high 

mortality rate. Early identification of risk, prevention, delivery of high-quality CPR, and post–
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cardiac arrest care can maximize the chances of achieving favorable outcomes. More research in 

this field is warranted.

An estimated 15 200 children receive cardiopulmonary resuscitation (CPR) for in-hospital 

cardiac arrest (IHCA) annually in the United States.1 Pediatric IHCA outcomes improved 

during the first decade of the 21st century,2,3 likely owing to a widespread recognition 

of the need for high-quality resuscitation and a focus on recognizing and transferring the 

deteriorating pediatric inpatient to an intensive care unit (ICU). However, survival rates have 

plateaued and more than half of children with IHCA do not survive to hospital discharge.3

Compared with adults with IHCA, children with IHCA differ in demographic 

characteristics, location within the hospital, cause of cardiac arrest, initial cardiac arrest 

rhythm, and type of monitoring in place.4–7 Table 1 shows a comparison of these 

variables between pediatric and adult patients.3–8 However, prospective pediatric IHCA 

studies are limited, and most pediatric resuscitation guidelines are extrapolated from adult 

guidelines.9,10 Substantial differences also exist between pediatric IHCA and pediatric out-

of-hospital cardiac arrest (OHCA). Although IHCA occurrence is frequently associated 

with the progression of underlying disease processes, such as shock and respiratory failure, 

common causes of pediatric OHCA include drowning, sudden infant death syndrome, and 

sudden cardiac death from arrhythmias.11 Compared with IHCA, OHCA survival outcomes 

are worse,12 and OHCA systems of care are focused on encouraging bystander CPR and 

optimizing basic life support measures in the prehospital state.13

Pediatric IHCA is a modifiable disease process. Efforts to prevent its occurrence, treat it 

with high-quality CPR, and deliver successful post–cardiac arrest care can demonstrably 

improve outcomes. In this narrative review, we discuss pediatric IHCA, including incidence, 

causes, prevention, treatment, and post–cardiac arrest therapies.

Methods

This narrative review was based on several informal searches of PubMed for peer-reviewed 

English-language articles related to pediatric IHCA. The searches were conducted between 

January 4, 2020, and April 15, 2020. Searches were limited to studies that included children 

younger than 18 years. Search terms were as follows: in-hospital cardiac arrest, cardiac 

arrest, cardiopulmonary resuscitation, resuscitation, rapid response, medical emergency 

team, post-arrest, and post-resuscitation. We placed no limit on the date ranges of 

reviewed articles. Because of the small number of prospective randomized trials in pediatric 

resuscitation, we did not perform a systematic review. Our objective was to review the 

current knowledge and recommendations regarding pediatric IHCA and CPR.

Discussion

Epidemiological Characteristics of Pediatric IHCA

Incidence and Location—Because of the lack of a central reporting process, the 

actual incidence of pediatric IHCA in the United States remains unknown. Currently 

accepted estimates are based on data from the American Heart Association (AHA) Get 
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With The Guidelines—Resuscitation (GWTG-R) registry. Given the voluntary nature of 

this prospective quality improvement registry, data from participating hospitals may not 

be entirely representative of other hospitals. Regardless, every year, an estimated 15 200 

children have IHCAs in the United States.1 This number includes 7100 pulseless IHCAs 

and 8100 cases of CPR provided for bradycardia with poor perfusion.1 Including recurrent 

events, the total annual number of pediatric IHCA cases is approximately 19 900.1 In 

accordance with Utstein CPR reporting guidelines,14 we refer to all CPR events (pulseless 

rhythms or bradycardia with poor perfusion) as IHCA.

As opposed to adult IHCAs, which are generally divided between monitored and 

unmonitored in-hospital settings,7 85% to 90% of pediatric IHCAs have occurred in 

monitored settings, most commonly the ICU.15 This proportion has increased over time,15 

likely because of widespread implementation of rapid response systems and the recognition 

and timely transfer of deteriorating patients.16–19 The incidence of IHCA among children 

admitted to pediatric ICUs is approximately 1.8%.5 Children with heart disease have a 

substantially higher risk of IHCA,20 and 3.1% of pediatric patients in cardiac ICUs receive 

CPR during their admission.21

Causes and Rhythms—Pediatric IHCA most often occurs in the setting of progressive 

respiratory failure or shock.4,5,22 Interventions in place at the onset of CPR include invasive 

mechanical ventilation in 59% to 82% of children and vasopressor infusions in 29% to 78% 

of children.23,24

Most initial cardiac arrest rhythms are nonshockable (ie, asystole, pulseless electrical 

activity [PEA], or bradycardia with poor perfusion). Bradycardia with poor perfusion is the 

initial CPR rhythm in more than half of IHCA events. Children with bradycardia with poor 

perfusion have superior survival outcomes vs survival outcomes in those with pulselessness 

at CPR onset.24,25 However, between 31% and 51% of patients with bradycardia and poor 

perfusion become pulseless during CPR, and these patients have worse outcomes than either 

those who were initially pulseless or those who were never pulseless.24,26

Ventricular fibrillation (VF) and pulseless ventricular tachycardia (PVT) account for 

approximately 10% of CPR events.2,4,27 Primary VF and PVT are associated with more 

favorable outcomes than PEA and asystole. However, when they occur as secondary rhythms 

during CPR (after initial PEA or asystole), the outcomes are worse than in those with either 

primary VF or PVT or in those without VF or PVT at any time.4,27 This observation may 

reflect that secondary VF and PVT occur because of worsening myocardial injury over the 

course of CPR or that secondary VF and PVT are not immediately recognized and thus 

defibrillated.27

Outcomes—Survival outcomes are associated with the patient’s underlying diagnoses 

and the cause of the event,4 the initial cardiac arrest rhythm,4,27 the quality of CPR 

delivered and hemodynamics achieved,23,28,29 the duration of CPR,5,22 and the quality of 

post–cardiacarrestcare.30 Although the incidence of IHCA in children with heart disease 

is relatively high, the survival rates among these patients, particularly those undergoing 
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surgical cardiac treatment during their hospitalization, are higher than among patients 

without heart disease.22

In ICUs, rates of acute IHCA event survival (return of spontaneous circulation [ROSC] or 

return of circulation with extracorporeal support) are 78% to 90% in recent multicenter 

observational studies.5,23 These rates have doubled over the past 2 decades; however, 

many children with event survival die before hospital discharge.2,3 According to a recent 

GWTG-R study, 32% of children with pulseless cardiac arrests from 2000 to 2018 survived 

to hospital discharge, increasing from 19% in 2000 to 40% in 2011 and then remaining 

relatively stable through the subsequent 7 years.3 Among patients with bradycardia with 

poor perfusion who never became pulseless during their CPR event, 66% survived to 

hospital discharge in 2018.3

Of those patients who survive to discharge, approximately 90% have grossly favorable 

neurological outcomes,5,23 as ascertained with the Pediatric Cerebral Performance Category 

scale (range: 1–6, with 1 indicating normal function and 6 indicating brain death).8 

However, this scale, typically extrapolated retrospectively from medical record review, lacks 

sensitivity for more granular neurological dysfunction, and many IHCA event survivors 

have subtle and sustained neurological impairment.5,31 Moreover, postresuscitation death is 

commonly attributed to declaration of death by neurological criteria or poor neurological 

outcome, which prompts the withdrawal of life-sustaining therapies.32 Further studies 

are necessary to better characterize neurocognitive and neurobehavioral outcomes among 

survivors.

Prevention of Pediatric IHCA

Rapid response teams and medical emergency teams have become a nearly universal 

presence in pediatric hospitals over the past 2 decades. Although their composition and 

characteristics vary,17 their implementation has been temporally associated with decreases 

in cardiac arrest frequency and improvements in mortality.18,33,34 In addition, severity-of-

illness scoring systems have been used to identify patients at risk for clinical deterioration 

but have not consistently been associated with decreased hospital mortality.35

Among children in the ICU, previous work has sought to identify those at risk for IHCA to 

provide situational awareness and facilitate focused treatment to prevent deterioration.36,37 

Across 15 cardiac ICUs, implementation of an IHCA prevention bundle was associated with 

a decreased incidence of IHCA.38 In addition, evidence showed that specific ICU staffing 

models, such as 24 hours per day for 7 days per week in-hospital attending-intensivist 

coverage, were associated with IHCA prevention.39

Treatment of Cardiac Arrest

The cornerstone of cardiac arrest therapy is the delivery of high-quality CPR that 

temporarily supports organ perfusion while optimizing the probability of attaining ROSC. 

The components of CPR and other therapies delivered during IHCA are discussed in this 

section.
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Chest Compressions—High-quality CPR consists of chest compressions delivered 

at an appropriate rate with adequate depth, full chest wall recoil, and minimal 

interruptions. Compliance with the AHA pediatric basic and advanced life support 

guidelines recommendations for chest compressions9,10 is associated with higher rates of 

survival.28,29 Table 2 shows the AHA guidelines target for each metric of high-quality 

CPR.9,10 Widespread technology is now available, largely in the form of CPR quality–

monitoring defibrillators, that measures chest compression mechanics and provides feedback 

to clinicians in real time. Systematic use of such technology coupled with resuscitation 

debriefing programs focused on CPR quality is associated with improved outcomes.40

Training and equipping clinicians to deliver high-quality CPR according to these metrics 

has likely been associated with improvement in IHCA outcomes.2 However, specific targets 

for pediatric chest compression rates and depths are largely based on expert consensus 

and extrapolation from adult studies.10 Rates outside of those recommended by the AHA 

guidelines have recently been associated with improved outcomes.41 Moreover, depths 

within the target range are frequently difficult to achieve, even in high-performing centers 

that largely achieve other CPR metrics.42 These data highlight the need for further studies to 

refine the specific targets for chest compression mechanics.

Defibrillation—Prompt defibrillation is a critical component in the treatment of VF or 

PVT. In adults, delays in time to defibrillation are associated with a relatively linear 

increase in the risk of mortality of 7% to 10% per minute.43 However, in a 2018 GWTG-R 

registry study of hospitalized children with VF or PVT IHCAs, no association between 

time to defibrillation and survival was found.44 The reasons for this finding are likely 

multifactorial. Most notably, the median time to the first defibrillation attempt was just 1 

minute, which presumably limited the ability to detect timing-driven outcome differences. 

Moreover, given that 78% of cardiac arrests occurred in the ICU,44 these children likely 

received more immediate CPR than adult patients in unmonitored settings. High-quality 

CPR optimizes myocardial blood flow to the fibrillating myocardium and enhances the 

likelihood of defibrillation success,45 so this process likely decreased the implications of 

modest delays in defibrillation. Nonetheless, being prepared for defibrillation is imperative 

throughout pediatric CPR events, especially given that many children develop shockable 

rhythms as a secondary rhythm during CPR.27

Ventilation and Airway Management—Assisted ventilation is a key component of 

pediatric CPR, but resuscitation guidelines recommend relatively low ventilation rates 

during CPR for several reasons.9,10 First, because of the lower cardiac output and pulmonary 

blood flow during CPR, less minute ventilation is necessary to balance ventilation and 

perfusion.46,47 Second, the delivery of positive-pressure breaths can have deleterious 

hemodynamic results, most directly through the reduction of systemic venous return.48 

Third, in patients without an invasive airway in place, interruptions in CPR to deliver 

rescue breaths decrease the chest compression fraction and therefore compromise organ 

perfusion.49

Although based on sound physiological principles, ventilation rates for children that match 

those recommended for adults do not take into account that children have higher ventilation 

Morgan et al. Page 5

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rates at baseline or that most pediatric IHCAs occur in the setting of respiratory failure.23,24 

A recent observational cohort study of children with IHCA in the ICU found that higher 

ventilation rates during CPR were associated with improved outcomes.50 None of the 

52 CPR events had AHA guideline–compliant ventilation rates; the median ventilation 

rate delivered to these children was 30.1 breaths per minute.50 This finding represents a 

substantial gap between consensus guidelines and clinical practice, highlighting the need for 

prospective studies.

Similarly, a clear consensus on optimal pediatric airway management during CPR is 

needed. As many as 82% of hospitalized children have an invasive airway in place at 

the time of CPR initiation.23 A large retrospective study of children without an advanced 

airway in place during IHCA found an association between the performance of tracheal 

intubation during cardiac arrest and lower rates of survival.51 These findings are similar 

to those of a pediatric OHCA study that demonstrated worse outcomes with endotracheal 

intubation than with bag-mask ventilation.52 This association of intubation with worse 

outcomes may be attributed to interruptions in CPR to facilitate intubation, diverted focus 

from maintaining CPR quality, unrecognized esophageal intubation and other intubation-

associated adverse events, or other unmeasured confounders. When assessing the risk of 

intubation, pediatric clinicians must consider patient-specific factors as well as their setting 

and clinical capabilities. The cause of the cardiac arrest and the likelihood of achieving 

ROSC without invasive ventilation should be considered along with the detrimental 

implications of interrupting compressions to deliver ventilations.49 Given the limitations 

in the quality of data available, the authors of the 2019 AHA guidelines were unable “to 

make any recommendation about advanced airway management for IHCA.”53(pe907)

Medications—Epinephrine is recommended during pediatric IHCA because of its α-

adrenergic function of increasing systemic vascular resistance, which increases coronary 

and cerebral perfusion pressures.9 No prospective pediatric trial has established the efficacy 

of epinephrine in improving survival outcomes, but delays in epinephrine administration are 

associated with worse outcomes in children.54 Observational findings are mixed regarding 

the appropriate dosing intervals. The recommended dosing interval of 3 to 5 minutes was 

associated with improved outcomes in one study,55 whereas more frequent56 and less 

frequent57 intervals have each been independently associated with superior outcomes in 

other studies.

Vasopressin, which was previously recommended as an alternative vasopressor for adult 

cardiac arrest, has not been shown to have a gross survival advantage over epinephrine 

alone in either adult58 or pediatric59 studies. Given that vasopressin induces vasoconstriction 

through the activation of V1a receptors rather than as an adrenergic agonist, vasopressin 

could hypothetically be advantageous in specific scenarios in which epinephrine is not 

efficacious or deleterious.60 For example, in cardiac arrest associated with catecholamine-

refractory vasodilatory shock, vasopressin offers an alternative mechanism of increasing 

systemic vascular resistance.61 Similarly, in patients with pulmonary hypertension, the 

potentially harmful increase in pulmonary vascular resistance associated with epinephrine62 

may be avoided by using a vasoactive drug that largely spares the pulmonary vasculature 

Morgan et al. Page 6

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from its effects. Regardless, dedicated studies are needed to characterize potential 

indications for vasopressin in pediatric resuscitation.

Antiarrhythmic agents are provided during pediatric IHCA for defibrillation-refractory VF 

or PVT. A GWTG-R registry study that compared lidocaine with amiodarone hydrochloride 

revealed increased rates of ROSC with lidocaine,63 but a more recent propensity-matched 

cohort study found no difference in clinical outcomes between these 2 medications.64 

Given the lack of definitive evidence supporting one antiarrhythmic over another, consensus 

guidelines conclude that use of either lidocaine or amiodarone is reasonable for shock-

refractory VF or PVT.65

Other medications commonly used during pediatric IHCA include calcium (eg, calcium 

gluconate, calcium chloride) and sodium bicarbonate. Despite frequent use, routine 

administration of either of these medications is associated with decreased rates of 

survival.66,67 Each is recommended only for specific indications, such as hyperkalemia and 

sodium channel overdose.9

Personalizing CPR—Resuscitation techniques and standards have been developed 

primarily for adult OHCA, with algorithms and guidelines recommending a uniform 

approach to account for the wide variation in rescuer experience and knowledge base. 

However, pediatric IHCA is associated with the progression of many disease processes, the 

pathophysiological characteristics of which persist during CPR. Recognizing and treating 

the underlying cause of cardiac arrest is imperative for resuscitation success. The immediate 

cause of cardiac arrest can generally be attributed to one or more of the classic Hs and 
Ts (eg, hypovolemia, hyperkalemia, and tension pneumothorax) and should be promptly 

addressed. In addition, common underlying pediatric ICU diagnoses, such as congenital 

heart disease, septic shock, and pulmonary hypertension, may warrant alternative therapies 

during resuscitation.9,61,68

Given that most pediatric in-hospital CPR is performed by trained teams in highly monitored 

and well-resourced settings,15 clinicians frequently have the ability to monitor an individual 

patient’s physiological response to CPR and titrate therapies accordingly. The most well-

established physiological monitors during resuscitation are invasively measured blood 

pressure and end-tidal carbon dioxide (EtCO2).9,69 A growing body of literature recognizes 

that measurement of these physiological parameters can be used to gauge CPR quality, 

identify likely outcomes, and help guide therapies during resuscitation.69,70

Coronary perfusion pressure is the driving force for myocardial blood flow, and higher 

values during CPR are associated with increased likelihood of ROSC in adult IHCA.71 

Because nearly half of the children with IHCAs have an arterial catheter in place,15 

hemodynamic monitoring during CPR is often possible. Diastolic blood pressure is 

recommended as a feasible surrogate for coronary perfusion pressure,69 and in a prospective 

observational trial, intra-arrest diastolic blood pressure of 25 mm Hg or higher in infants 

and 30 mm Hg or higher in older children was associated with increased rates of survival 

to discharge and survival with favorable neurological outcome.23 The ideal methods of 

optimizing hemodynamics during CPR have not been prospectively studied in humans, 
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but in large animal models of pediatric IHCA, titration of vasopressor drugs according to 

coronary perfusion pressure during CPR has led to superior survival outcomes.72,73 Given 

the diverse phenotypes of children with IHCA and the known differences in catecholamine 

responsiveness in humans, vasopressor doses that are titrated to an individual’s physiological 

response may be advantageous.

In the low-flow state of CPR, EtCO2 largely reflects pulmonary blood flow and is thereby 

an indirect marker of cardiac output.46 Particularly low EtCO2 values during CPR (ie, 

<10 mm Hg) are associated with mortality in observational adult studies.74,75 As with 

hemodynamics, preclinical studies have demonstrated efficacy in targeting EtCO2 during 

CPR.76 A recent observational study in children did not find an association between 

EtCO2 and outcomes.77 Although limited by statistical power, these findings highlight the 

need to understand potential confounders in the interpretation of EtCO2 values, including 

decrements associated with epinephrine administration and elevated values associated with 

alveolar hypercapnia in the setting of asphyxial cardiac arrest.62,78

CPR Duration and Extracorporeal Support—Children who require prolonged CPR 

have worse outcomes than those with brief cardiac arrests.22 However, a multicenter cohort 

study demonstrated a 28% rate of survival to discharge among children who received 30 

minutes or more of CPR,5 and a GWTG-R registry publication reported that 16% of children 

who received 35 minutes or more of CPR survived to hospital discharge.22 In each of these 

studies, most survivors had favorable gross neurological outcomes, suggesting that decisions 

regarding CPR duration and futility are complex and should not be based on CPR duration 

alone.

These findings are, in part, attributed to the increased use of extracorporeal CPR (ECPR) 

as a rescue therapy during cardiac arrest. No prospective trial has compared pediatric ECPR 

with conventional CPR, but a number of observational studies have identified a survival 

advantage in children, especially those with congenital cardiac disease, who received ECPR 

compared with children who received conventional CPR.79–81 Based on these data, the 

AHA offered a Class 2b recommendation for ECPR to be considered in children with 

IHCA and underlying cardiac diagnoses in settings with “existing ECMO [extracorporeal 

membrane oxygenation] protocols, expertise, and equipment.”53(pe908) Although ECPR is 

also being used for patients without heart disease, evidence of its effectiveness in this group 

is insufficient.53

Post–Cardiac Arrest Syndrome and Care

Post–cardiac arrest syndrome (PCAS) is a complex cascade that begins immediately 

after ROSC and continues for days to weeks. The 4 key components are brain injury, 

myocardial dysfunction, systemic ischemia-reperfusion injury, and persistent precipitating 

pathophysiological condition.30,82

Clinical manifestations of PCAS range in severity and are summarized in Table 3.30 

Hypoxic-ischemic brain injury can present as encephalopathy or seizures, progress in the 

days after ROSC, and result in long-term neurodevelopmental deficits in survivors.30,97 

Myocardial dysfunction occurs early after ROSC and, in many patients, peaks at 
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approximately 24 hours before normalizing within 48 to 72 hours after ROSC.98 Not 

surprisingly, children with more severe left ventricular dysfunction and those who require 

a higher vasoactive infusion dose have lower rates of survival to discharge.83,84 The 

systemic ischemia-reperfusion response resembles a sepsislike syndrome and can exacerbate 

myocardial dysfunction and brain injury.98 The combination of these 3 key components is 

superimposed on the initial precipitating pathophysiological condition that may persist after 

ROSC. Identifying and treating the underlying disease process associated with the cardiac 

arrest can reduce the risk of rearrest.30,82 Understanding the pathophysiological process 

allows the clinician to initiate prompt post–cardiac arrest care with the goal of minimizing 

secondary injury.

Therapeutics—Prompt initiation of treatment after IHCA is important to prevent 

secondary multisystem organ injury (Table 3).9,30,53,83–96 Initial treatment should focus 

on normalizing systemic derangements such as hypotension and hypoxemia. Although 

patients may be hypertensive immediately after cardiac arrest, hypotension occurs in more 

than half of children in the first 6 hours after ROSC.85 At least 1blood pressure measure 

below the 5th percentile for age in the first 12 hours after ROSC and longer durations 

of hypotension during the first 24 hours after ROSC are associated with lower rates of 

survival to discharge.86,87 Despite this finding, at least 25% of patients with hypotension 

do not receive vasoactive infusions.85 Fluids, inotropes, and vasoactive medications should 

be administered with the goal of avoiding hypotension by treating cardiac dysfunction and 

vasoplegia.9,30

Post–cardiac arrest hypoxemia is commonly attributed to precipitating lung disease, 

aspiration, or pulmonary edema and should be anticipated and immediately addressed.30 

Research findings regarding the implications of post–cardiac arrest hyperoxia for outcomes 

are mixed,88–90 but it is recommended that clinicians avoid hyperoxia and target normoxia 

with a goal oxygen saturation of 94% to 99%.9,30 Studies are similarly in conflict regarding 

the clinical significance of hypercapnia or hypocapnia after cardiac arrest.88,91 Guidelines 

advocate targeting normocapnia or “a PaCO2 specific for the patient’s condition” in the post-

ROSC period.30(p203) This recommendation is based, in part, on the physiological rationale 

that hypercapnia may result in cerebral vasodilation and hyperemia and that hypocapnia may 

cause cerebral vasoconstriction and ischemia.30,92

Fever is common after cardiac arrest and is associated with worse outcomes through 

increasing metabolic demand, promoting free radical production, and other detrimental 

consequences.93 Targeted temperature management (TTM) using active temperature 

regulation devices and antipyretics should be initiated early after ROSC, but therapeutic 

hypothermia has not been found to offer an advantage over normothermia.94 The AHA 

guidelines recommend targeting a temperature of either 32 to 34 °C or 36 to 37.5 °C for 48 

hours, followed by 36 to 37.5 °C for an additional 3 days.30,53

Seizures are common after cardiac arrest and are often nonconvulsive.95 Electrographic 

status epilepticus is associated with worse outcomes.96 Therefore, continuous 

electroencephalogram monitoring is recommended for detection and guiding therapy.30 
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Antiseizure medications are routinely used to treat seizures and status epilepticus, but it 

is unclear whether treatment is associated with improved outcomes.

Although most care is supportive, clinicians should consider antibiotics for infection, blood 

products for coagulopathy-induced bleeding, and corticosteroids for adrenal insufficiency. 

Close monitoring for organ dysfunction such as acute kidney injury is important to 

minimize the toxic effects of therapies as patients recover from PCAS.30 Active areas of 

investigation for post–cardiac arrest care include advanced neuroimaging, continuous optical 

measurements of cerebral blood flow and oxygenation, and peripheral bio-signatures of 

neurological injury.99

Identification of Risk and Probable Outcomes—After ROSC, only half of 

patients survive to discharge, and many survivors are left with substantial neurological 

morbidities.3,31 Accurate and timely identification of at-risk patients and probable outcomes 

enables families and clinicians to make informed decisions regarding goals of care. 

However, this identification should not be done too early because it can result in 

incorrect conclusions, and post–cardiac arrest care may lead to improved outcomes.30 The 

optimal timing for identification of risk and probable outcomes in children has not been 

established,30 but adult guidelines recommend waiting for 72 hours after ROSC in patients 

who were not treated with TTM and 72 hours after return to normothermia in patients who 

were treated with TTM.100 In addition, the neurological examination can be confounded by 

sedative medications often used during post–cardiac arrest care, and medication clearance 

may be delayed in the setting of hepatic injury, kidney injury, or therapeutic hypothermia.101

Post–cardiac arrest neuroprognostication requires the integration of a patient’s pre–cardiac 

arrest functional status and comorbid medical conditions; IHCA characteristics; and post–

cardiac arrest neurological examination, cerebral physiological functions, neuroimaging, 

and electroencephalogram. Many of these factors have been associated with outcomes, 

but no single factor has had sufficient accuracy in early identification of risks and 

probable outcomes after ROSC.9,30 Serum biomarkers of hypoxic-ischemic brain injury 

have demonstrated an association with neurological outcomes,102–104 although further 

prospective study at serial time points after cardiac arrest is needed before these biomarkers 

can be incorporated into prognostic algorithms. Patients with catastrophic, irreversible 

brain injury who do not demonstrate neurological recovery may be evaluated for death 

by neurological criteria. To undergo such evaluation, patients must be normothermic, have 

been observed for sufficient time for clearance of any sedating medications, and have no 

confounding conditions.105

Conclusions

Despite improvements in care and survival in the United States, more than half of children 

with IHCA die before hospital discharge. Recognition and timely identification of at-risk 

patients as well as delivery of high-quality CPR and post–cardiac arrest care are imperative 

to maximize the chances of achieving favorable outcomes. Substantial knowledge gaps 

remain in how to best care for these vulnerable patients, highlighting the ongoing need for 

research in this field.

Morgan et al. Page 10

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conflict of Interest Disclosures:

Dr Morgan reported receiving grants from the National Institutes of Health (NIH) National Heart, Lung, and Blood 
Institute (NHLBI) in support of his effort on the submitted work and grants from the NIH NHLBI and Eunice 
Kennedy Shriver National Institute of Child Health and Human Development (NICHD) outside the submitted work. 
Dr Sutton reported receiving grants from the NIH NHLBI and grants from the NICHD outside the submitted 
work; being chair of the Pediatric Research Task Force of the American Heart Association (AHA) Get With The 
Guidelines—Resuscitation registry; and being a main author of Pediatric Advanced Life Support Guidelines. Dr 
Topjian reported receiving grants from the NIH during the conduct of the study, being a volunteer for the AHA, and 
being chair of the AHA pediatric guidelines writing group. No other disclosures were reported.

Funding/Support:

This study was supported in part by Career Development Award K23HL148541 from the NIH NHLBI (PI: Dr 
Morgan).

Role of the Funder/Sponsor:

The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation 
of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for 
publication.

REFERENCES

1. Holmberg MJ, Ross CE, Fitzmaurice GM, et al. ; American Heart Association’s Get With The 
Guidelines–Resuscitation Investigators. Annual incidence of adult and pediatric in-hospital cardiac 
arrest in the United States. Circ Cardiovasc Qual Outcomes. 2019;12(7):e005580. doi:10.1161/
CIRCOUTCOMES.119.005580 [PubMed: 31545574] 

2. Girotra S, Spertus JA, Li Y, Berg RA, Nadkarni VM, Chan PS; American Heart Association Get 
With The Guidelines–Resuscitation Investigators. Survival trends in pediatric in-hospital cardiac 
arrests: an analysis from Get With The Guidelines-Resuscitation. Circ Cardiovasc Qual Outcomes. 
2013;6(1):42–49. doi:10.1161/CIRCOUTCOMES.112.967968 [PubMed: 23250980] 

3. Holmberg MJ, Wiberg S, Ross CE, et al. Trends in survival after pediatric in-hospital 
cardiac arrest in the United States. Circulation. 2019;140(17): 1398–1408. doi:10.1161/
CIRCULATIONAHA.119.041667 [PubMed: 31542952] 

4. Nadkarni VM, Larkin GL, Peberdy MA, et al. ; National Registry of Cardiopulmonary Resuscitation 
Investigators. First documented rhythm and clinical outcome from in-hospital cardiac arrest among 
children and adults. JAMA. 2006;295(1):50–57. doi:10.1001/jama.295.1.50 [PubMed: 16391216] 

5. Berg RA, Nadkarni VM, Clark AE, et al. ; Eunice Kennedy Shriver National Institute of Child 
Health and Human Development Collaborative Pediatric Critical Care Research Network. Incidence 
and outcomes of cardiopulmonary resuscitation in PICUs. Crit Care Med. 2016;44(4):798–808. 
doi:10.1097/CCM.0000000000001484 [PubMed: 26646466] 

6. Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-hospital cardiac arrest: a 
review. JAMA. 2019;321(12):1200–1210. doi:10.1001/jama.2019.1696 [PubMed: 30912843] 

7. Virani SS, Alonso A, Benjamin EJ, et al. ; American Heart Association Council on Epidemiology 
and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke 
statistics—2020 update: a report from the American Heart Association. Circulation. 2020;141 
(9):e139–e596. doi:10.1161/CIR.0000000000000757 [PubMed: 31992061] 

8. Fiser DH. Assessing the outcome of pediatric intensive care. J Pediatr. 1992;121(1):68–74. 
doi:10.1016/S0022-3476(05)82544-2 [PubMed: 1625096] 

9. de Caen AR, Berg MD, Chameides L, et al. Part 12: pediatric advanced life support: 
2015 American Heart Association guidelines update for cardiopulmonary resuscitation and 
emergency cardiovascular care. Circulation. 2015;132(18 suppl 2):S526–S542. doi:10.1161/
CIR.0000000000000266 [PubMed: 26473000] 

10. Atkins DL, Berger S, Duff JP, et al. Part 11: pediatric basic life support and cardiopulmonary 
resuscitation quality: 2015 American Heart Association guidelines update for cardiopulmonary 

Morgan et al. Page 11

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



resuscitation and emergency cardiovascular care. Circulation. 2015;132(18 suppl 2):S519–S525. 
doi:10.1161/CIR.0000000000000265 [PubMed: 26472999] 

11. Meert KL, Telford R, Holubkov R, et al. ; Therapeutic Hypothermia after Pediatric Cardiac Arrest 
(THAPCA) Trial Investigators. Pediatric out-of-hospital cardiac arrest characteristics and their 
association with survival and neurobehavioral outcome. Pediatr Crit Care Med. 2016;17(12):e543–
e550. doi:10.1097/PCC.0000000000000969 [PubMed: 27679965] 

12. Fink EL, Prince DK, Kaltman JR, et al. ; Resuscitation Outcomes Consortium. Unchanged 
pediatric out-of-hospital cardiac arrest incidence and survival rates with regional variation in North 
America. Resuscitation. 2016;107:121–128. doi:10.1016/j.resuscitation.2016.07.244 [PubMed: 
27565862] 

13. McCarthy JJ, Carr B, Sasson C, et al. ; American Heart Association Emergency Cardiovascular 
Care Committee; Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation; 
and the Mission: Lifeline Resuscitation Subcommittee. Out-of-hospital cardiac arrest resuscitation 
systems of care: a scientific statement from the American Heart Association. Circulation. 
2018;137(21):e645–e660. doi:10.1161/CIR.0000000000000557 [PubMed: 29483084] 

14. Nolan JP, Berg RA, Andersen LW, et al. Cardiac arrest and cardiopulmonary resuscitation 
outcome reports: update of the Utstein resuscitation registry template for in-hospital cardiac 
arrest: a consensus report from a Task Force of the International Liaison Committee on 
Resuscitation (American Heart Association, European Resuscitation Council, Australian and New 
Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada, InterAmerican Heart 
Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of Asia). Circulation. 
2019;140 (18):e746–e757. doi:10.1161/CIR.0000000000000710 [PubMed: 31522544] 

15. Berg RA, Sutton RM, Holubkov R, et al. ; Eunice Kennedy Shriver National Institute of 
Child Health and Human Development Collaborative Pediatric Critical Care Research Network 
and for the American Heart Association’s Get With The Guidelines-Resuscitation (formerly 
the National Registry of Cardiopulmonary Resuscitation) Investigators. Ratio of PICU versus 
ward cardiopulmonary resuscitation events is increasing. Crit Care Med. 2013;41(10):2292–2297. 
doi:10.1097/CCM.0b013e31828cf0c0 [PubMed: 23921270] 

16. Tibballs J, Kinney S. Reduction of hospital mortality and of preventable cardiac arrest and death on 
introduction of a pediatric medical emergency team. Pediatr Crit Care Med. 2009;10 (3):306–312. 
doi:10.1097/PCC.0b013e318198b02c [PubMed: 19307806] 

17. Sen AI, Morgan RW, Morris MC. Variability in the implementation of rapid response 
teams at academic American pediatric hospitals. J Pediatr. 2013;163(6):1772–1774. doi:10.1016/
j.jpeds.2013.07.018 [PubMed: 23992674] 

18. Brilli RJ, Gibson R, Luria JW, et al. Implementation of a medical emergency team in a large 
pediatric teaching hospital prevents respiratory and cardiopulmonary arrests outside the intensive 
care unit. Pediatr Crit Care Med. 2007; 8(3):236–246. doi:10.1097/01.PCC.0000262947.72442.EA 
[PubMed: 17417113] 

19. Chapman SM, Wray J, Oulton K, Peters MJ. Systematic review of paediatric track 
and trigger systems for hospitalised children. Resuscitation. 2016;109:87–109. doi:10.1016/
j.resuscitation.2016.07.230 [PubMed: 27496259] 

20. Knudson JD, Neish SR, Cabrera AG, et al. Prevalence and outcomes of pediatric in-hospital 
cardiopulmonary resuscitation in the United States: an analysis of the Kids’ Inpatient 
Database*. Crit Care Med. 2012;40(11):2940–2944. doi:10.1097/CCM.0b013e31825feb3f 
[PubMed: 22932398] 

21. Alten JA, Klugman D, Raymond TT, et al. Epidemiology and outcomes of cardiac 
arrest in pediatric cardiac ICUs. Pediatr Crit Care Med. 2017; 18(10):935–943. doi:10.1097/
PCC.0000000000001273 [PubMed: 28737598] 

22. Matos RI, Watson RS, Nadkarni VM, et al. ; American Heart Association’s Get With The 
Guidelines–Resuscitation (Formerly the National Registry of Cardiopulmonary Resuscitation) 
Investigators. Duration of cardiopulmonary resuscitation and illness category impact survival and 
neurologic outcomes for in-hospital pediatric cardiac arrests. Circulation. 2013;127(4):442–451. 
doi:10.1161/CIRCULATIONAHA.112.125625 [PubMed: 23339874] 

23. Berg RA, Sutton RM, Reeder RW, et al. ; Eunice Kennedy Shriver National Institute of 
Child Health and Human Development Collaborative Pediatric Critical Care Research Network 

Morgan et al. Page 12

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(CPCCRN) PICqCPR (Pediatric Intensive Care Quality of Cardio-Pulmonary Resuscitation) 
Investigators. Association between diastolic blood pressure during pediatric in-hospital 
cardiopulmonary resuscitation and survival. Circulation. 2018;137(17): 1784–1795. doi:10.1161/
CIRCULATIONAHA.117.032270 [PubMed: 29279413] 

24. Khera R, Tang Y, Girotra S, et al. ; American Heart Association’s Get With The Guidelines-
Resuscitation Investigators. Pulselessness after initiation of cardiopulmonary resuscitation 
for bradycardia in hospitalized children. Circulation. 2019;140(5):370–378. doi:10.1161/
CIRCULATIONAHA.118.039048 [PubMed: 31006260] 

25. Donoghue A, Berg RA, Hazinski MF, Praestgaard AH, Roberts K, Nadkarni VM; American 
Heart Association National Registry of CPR Investigators. Cardiopulmonary resuscitation for 
bradycardia with poor perfusion versus pulseless cardiac arrest. Pediatrics. 2009;124(6):1541–
1548. doi:10.1542/peds.2009-0727 [PubMed: 19917587] 

26. Morgan RW, Reeder RW, Meert KL, et al. ; Eunice Kennedy Shriver National Institute of 
Child Health and Human Development/Collaborative Pediatric Critical Care Research Network 
(CPCCRN) Pediatric Intensive Care Quality of Cardio-Pulmonary Resuscitation (PICqCPR) 
Investigators. Survival and hemodynamics during pediatric cardiopulmonary resuscitation for 
bradycardia and poor perfusion versus pulseless cardiac arrest. Crit Care Med. 2020;48(6):881–
889. doi:10.1097/CCM.0000000000004308 [PubMed: 32301844] 

27. Samson RA, Nadkarni VM, Meaney PA, Carey SM, Berg MD, Berg RA; American Heart 
Association National Registry of CPR Investigators. Outcomes of in-hospital ventricular 
fibrillation in children. N Engl J Med. 2006;354(22):2328–2339. doi:10.1056/NEJMoa052917 
[PubMed: 16738269] 

28. Sutton RM, French B, Niles DE, et al. 2010 American Heart Association recommended 
compression depths during pediatric in-hospital resuscitations are associated with 
survival. Resuscitation. 2014;85(9):1179–1184. doi:10.1016/j.resuscitation.2014.05.007 [PubMed: 
24842846] 

29. Sutton RM, French B, Nishisaki A, et al. American Heart Association cardiopulmonary 
resuscitation quality targets are associated with improved arterial blood pressure during pediatric 
cardiac arrest. Resuscitation. 2013;84(2):168–172. doi:10.1016/j.resuscitation.2012.08.335 
[PubMed: 22960227] 

30. Topjian AA, de Caen A, Wainwright MS, et al. Pediatric post-cardiac arrest care: a 
scientific statement from the American Heart Association. Circulation. 2019;140(6):e194–e233. 
doi:10.1161/CIR.0000000000000697 [PubMed: 31242751] 

31. Slomine BS, Silverstein FS, Christensen JR, et al. ; Therapeutic Hypothermia after Paediatric 
Cardiac Arrest (THAPCA) Trial Investigators. Neurobehavioural outcomes in children after in-
hospital cardiac arrest. Resuscitation. 2018;124: 80–89. doi:10.1016/j.resuscitation.2018.01.002 
[PubMed: 29305927] 

32. Du Pont-Thibodeau G, Fry M, Kirschen M, et al. Timing and modes of death after pediatric 
out-of-hospital cardiac arrest resuscitation. Resuscitation. 2018;133:160–166. doi:10.1016/
j.resuscitation.2018.08.014 [PubMed: 30118814] 

33. Brady PW, Muething S, Kotagal U, et al. Improving situation awareness to reduce unrecognized 
clinical deterioration and serious safety events. Pediatrics. 2013;131(1):e298–e308. doi:10.1542/
peds.2012-1364 [PubMed: 23230078] 

34. Bonafide CP, Roberts KE, Priestley MA, et al. Development of a pragmatic measure 
for evaluating and optimizing rapid response systems. Pediatrics. 2012;129(4):e874–e881. 
doi:10.1542/peds.2011-2784 [PubMed: 22392182] 

35. Parshuram CS, Dryden-Palmer K, Farrell C, et al. ; Canadian Critical Care Trials Group and 
the EPOCH Investigators. Effect of a pediatric early warning system on all-cause mortality in 
hospitalized pediatric patients: the EPOCH randomized clinical trial. JAMA. 2018;319(10):1002–
1012. doi:10.1001/jama.2018.0948 [PubMed: 29486493] 

36. Dewan M, Muthu N, Shelov E, et al. Performance of a clinical decision support tool to identify 
PICU patients at high risk for clinical deterioration. Pediatr Crit Care Med. 2020;21(2): 129–135. 
doi:10.1097/PCC.0000000000002106 [PubMed: 31577691] 

Morgan et al. Page 13

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Niles DE, Dewan M, Zebuhr C, et al. A pragmatic checklist to identify pediatric ICU patients 
at risk for cardiac arrest or code bell activation. Resuscitation. 2016;99:33–37. doi:10.1016/
j.resuscitation.2015.11.017 [PubMed: 26703460] 

38. Alten J, Klugman D, Cooper DS, et al. Abstract 11798: cardiac arrest prevention 
quality improvement project from the pediatric cardiac critical care consortium. Circulation. 
2019;140:A11798.

39. Gupta P, Rettiganti M, Rice TB, Wetzel RC. Impact of 24/7 in-hospital intensivist coverage 
on outcomes in pediatric intensive care: a multicenter study. Am J Respir Crit Care Med. 
2016;194(12): 1506–1513. doi:10.1164/rccm.201512-2456OC [PubMed: 27367580] 

40. Wolfe H, Zebuhr C, Topjian AA, et al. Interdisciplinary ICU cardiac arrest 
debriefing improves survival outcomes*. Crit Care Med. 2014; 42(7):1688–1695. doi:10.1097/
CCM.0000000000000327 [PubMed: 24717462] 

41. Sutton RM, Reeder RW, Landis W, et al. ; Eunice Kennedy Shriver National Institute of 
Child Health and Human Development Collaborative Pediatric Critical Care Research Network 
(CPCCRN) Investigators. Chest compression rates and pediatric in-hospital cardiac arrest survival 
outcomes. Resuscitation. 2018;130:159–166. doi:10.1016/j.resuscitation.2018.07.015 [PubMed: 
30031055] 

42. Niles DE, Duval-Arnould J, Skellett S, et al. ; Pediatric Resuscitation Quality (pediRES-Q) 
Collaborative Investigators. Characterization of pediatric in-hospital cardiopulmonary resuscitation 
quality metrics across an international resuscitation collaborative. Pediatr Crit Care Med. 
2018;19(5):421–432. doi:10.1097/PCC.0000000000001520 [PubMed: 29533355] 

43. Chan PS, Krumholz HM, Nichol G, Nallamothu BK; American Heart Association National 
Registry of Cardiopulmonary Resuscitation Investigators. Delayed time to defibrillation after in-
hospital cardiac arrest. N Engl J Med. 2008;358(1):9–17. doi:10.1056/NEJMoa0706467 [PubMed: 
18172170] 

44. Hunt EA, Duval-Arnould JM, Bembea MM, et al. ; American Heart Association’s Get With The 
Guidelines–Resuscitation Investigators. Association between time to defibrillation and survival in 
pediatric in-hospital cardiac arrest with a first documented shockable rhythm. JAMA Netw Open. 
2018;1(5):e182643. doi:10.1001/jamanetworkopen.2018.2643 [PubMed: 30646171] 

45. Berg RA, Hilwig RW, Berg MD, et al. Immediate post-shock chest compressions improve 
outcome from prolonged ventricular fibrillation. Resuscitation. 2008;78(1):71–76. doi:10.1016/
j.resuscitation.2008.02.014 [PubMed: 18482786] 

46. Weil MH, Bisera J, Trevino RP, Rackow EC. Cardiac output and end-tidal carbon dioxide. Crit 
Care Med. 1985;13(11):907–909. doi:10.1097/00003246-198511000-00011 [PubMed: 3931979] 

47. Maier GW, Newton JR Jr, Wolfe JA, et al. The influence of manual chest compression rate 
on hemodynamic support during cardiac arrest: high-impulse cardiopulmonary resuscitation. 
Circulation. 1986;74(6 Pt 2):IV51–IV59. [PubMed: 3779933] 

48. Aufderheide TP, Sigurdsson G, Pirrallo RG, et al. Hyperventilation-induced 
hypotension during cardiopulmonary resuscitation. Circulation. 2004; 109(16):1960–1965. 
doi:10.1161/01.CIR.0000126594.79136.61 [PubMed: 15066941] 

49. Berg RA, Sanders AB, Kern KB, et al. Adverse hemodynamic effects of interrupting chest 
compressions for rescue breathing during cardiopulmonary resuscitation for ventricular fibrillation 
cardiac arrest. Circulation. 2001;104(20): 2465–2470. doi:10.1161/hc4501.098926 [PubMed: 
11705826] 

50. Sutton RM, Reeder RW, Landis WP, et al. ; Eunice Kennedy Shriver National Institute of 
Child Health and Human Development Collaborative Pediatric Critical Care Research Network 
(CPCCRN). Ventilation rates and pediatric in-hospital cardiac arrest survival outcomes. Crit Care 
Med. 2019;47 (11):1627–1636. doi:10.1097/CCM.0000000000003898 [PubMed: 31369424] 

51. Andersen LW, Raymond TT, Berg RA, et al. ; American Heart Association’s Get With 
The Guidelines–Resuscitation Investigators. Association between tracheal intubation during 
pediatric in-hospital cardiac arrest and survival. JAMA. 2016; 316(17):1786–1797. doi:10.1001/
jama.2016.14486 [PubMed: 27701623] 

52. Hansen ML, Lin A, Eriksson C, et al. ; CARES surveillance group. A comparison of pediatric 
airway management techniques during out-of-hospital cardiac arrest using the CARES database. 
Resuscitation. 2017;120:51–56. doi:10.1016/j.resuscitation.2017.08.015 [PubMed: 28838781] 

Morgan et al. Page 14

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



53. Duff JP, Topjian AA, Berg MD, et al. 2019 American Heart Association focused update on 
pediatric advanced life support: an update to the American Heart Association guidelines for 
cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2019;140(24): 
e904–e914. doi:10.1161/CIR.0000000000000731 [PubMed: 31722551] 

54. Andersen LW, Berg KM, Saindon BZ, et al. ; American Heart Association Get With The 
Guidelines–Resuscitation Investigators. Time to epinephrine and survival after pediatric in-hospital 
cardiac arrest. JAMA. 2015;314(8):802–810. doi:10.1001/jama.2015.9678 [PubMed: 26305650] 

55. Meert K, Telford R, Holubkov R, et al. Paediatric in-hospital cardiac arrest: factors associated 
with survival and neurobehavioural outcome one year later. Resuscitation. 2018;124:96–105. 
doi:10.1016/j.resuscitation.2018.01.013 [PubMed: 29317348] 

56. Grunau B, Kawano T, Scheuermeyer FX, et al. The association of the average epinephrine dosing 
interval and survival with favorable neurologic status at hospital discharge in out-of-hospital 
cardiac arrest. Ann Emerg Med. 2019;74(6):797–806. doi:10.1016/j.annemergmed.2019.04.031 
[PubMed: 31248676] 

57. Hoyme DB, Patel SS, Samson RA, et al. ; American Heart Association Get With The Guidelines–
Resuscitation Investigators. Epinephrine dosing interval and survival outcomes during pediatric 
in-hospital cardiac arrest. Resuscitation. 2017;117:18–23. doi:10.1016/j.resuscitation.2017.05.023 
[PubMed: 28552658] 

58. Stiell IG, Hébert PC, Wells GA, et al. Vasopressin versus epinephrine for inhospital 
cardiac arrest: a randomised controlled trial. Lancet. 2001;358(9276):105–109. doi:10.1016/
S0140-6736(01)05328-4 [PubMed: 11463411] 

59. Duncan JM, Meaney P, Simpson P, Berg RA, Nadkarni V, Schexnayder S; National Registry of 
CPR Investigators. Vasopressin for in-hospital pediatric cardiac arrest: results from the American 
Heart Association National Registry of Cardiopulmonary Resuscitation. Pediatr Crit Care Med. 
2009;10(2):191–195. doi:10.1097/PCC.0b013e31819a36f2 [PubMed: 19188873] 

60. Lindner KH, Prengel AW, Pfenninger EG, et al. Vasopressin improves vital organ blood flow 
during closed-chest cardiopulmonary resuscitation in pigs. Circulation. 1995;91(1):215–221. 
doi:10.1161/01.CIR.91.1.215 [PubMed: 7805205] 

61. Morgan RW, Fitzgerald JC, Weiss SL, Nadkarni VM, Sutton RM, Berg RA. Sepsis-associated 
in-hospital cardiac arrest: epidemiology, pathophysiology, and potential therapies. J Crit Care. 
2017;40:128–135. doi:10.1016/j.jcrc.2017.03.023 [PubMed: 28388526] 

62. Lindberg L, Liao Q, Steen S. The effects of epinephrine/norepinephrine on end-tidal 
carbon dioxide concentration, coronary perfusion pressure and pulmonary arterial blood 
flow during cardiopulmonary resuscitation. Resuscitation. 2000;43(2):129–140. doi:10.1016/
S0300-9572(99)00129-X [PubMed: 10694173] 

63. Valdes SO, Donoghue AJ, Hoyme DB, et al. ; American Heart Association Get 
With The Guidelines-Resuscitation Investigators. Outcomes associated with amiodarone 
and lidocaine in the treatment of in-hospital pediatric cardiac arrest with pulseless 
ventricular tachycardia or ventricular fibrillation. Resuscitation. 2014;85(3):381–386. doi:10.1016/
j.resuscitation.2013.12.008 [PubMed: 24361455] 

64. Holmberg MJ, Ross CE, Atkins DL, Valdes SO, Donnino MW, Andersen LW; American Heart 
Association’s for the AHA’s Get With The Guidelines®-Resuscitation Pediatric Research Task 
Force. Lidocaine versus amiodarone for pediatric in-hospital cardiac arrest: an observational study. 
Resuscitation. 2020;149:191–201. doi:10.1016/j.resuscitation.2019.12.033 [PubMed: 31954741] 

65. McBride ME, Marino BS, Webster G, et al. Amiodarone versus lidocaine for pediatric cardiac 
arrest due to ventricular arrhythmias: a systematic review. Pediatr Crit Care Med. 2017;18(2):183–
189. doi:10.1097/PCC.0000000000001026 [PubMed: 28009655] 

66. Srinivasan V, Morris MC, Helfaer MA, Berg RA, Nadkarni VM; American Heart Association 
National Registry of CPR Investigators. Calcium use during in-hospital pediatric cardiopulmonary 
resuscitation: a report from the National Registry of Cardiopulmonary Resuscitation. Pediatrics. 
2008; 121(5):e1144–e1151. doi:10.1542/peds.2007-1555 [PubMed: 18450859] 

67. Raymond TT, Stromberg D, Stigall W, Burton G, Zaritsky A; American Heart Association’s 
Get With The Guidelines-Resuscitation Investigators. Sodium bicarbonate use during in-
hospital pediatric pulseless cardiac arrest—a report from the American Heart Association 

Morgan et al. Page 15

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Get With The Guidelines-Resuscitation. Resuscitation. 2015;89: 106–113. doi:10.1016/
j.resuscitation.2015.01.007 [PubMed: 25613362] 

68. Marino BS, Tabbutt S, MacLaren G, et al. ; American Heart Association Congenital Cardiac 
Defects Committee of the Council on Cardiovascular Disease in the Young; Council on 
Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; Council on Cardiovascular 
Surgery and Anesthesia; and Emergency Cardiovascular Care Committee. Cardiopulmonary 
resuscitation in infants and children with cardiac disease: a scientific statement from the American 
Heart Association. Circulation. 2018;137(22):e691–e782. doi:10.1161/CIR.0000000000000524 
[PubMed: 29685887] 

69. Meaney PA, Bobrow BJ, Mancini ME, et al. ; CPR Quality Summit Investigators, the 
American Heart Association Emergency Cardiovascular Care Committee, and the Council on 
Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Cardiopulmonary resuscitation 
quality: [corrected] improving cardiac resuscitation outcomes both inside and outside the hospital: 
a consensus statement from the American Heart Association. Circulation. 2013;128(4):417–435. 
doi:10.1161/CIR.0b013e31829d8654 [PubMed: 23801105] 

70. Marquez AM, Morgan RW, Ross CE, Berg RA, Sutton RM. Physiology-directed cardiopulmonary 
resuscitation: advances in precision monitoring during cardiac arrest. Curr Opin Crit Care. 2018;24 
(3):143–150. doi:10.1097/MCC.0000000000000499 [PubMed: 29629927] 

71. Paradis NA, Martin GB, Rivers EP, et al. Coronary perfusion pressure and the return of 
spontaneous circulation in human cardiopulmonary resuscitation. JAMA. 1990;263(8):1106–1113. 
doi:10.1001/jama.1990.03440080084029 [PubMed: 2386557] 

72. Morgan RW, Kilbaugh TJ, Shoap W, et al. ; Pediatric Cardiac Arrest Survival 
Outcomes PiCASO Laboratory Investigators. A hemodynamic-directed approach to pediatric 
cardiopulmonary resuscitation (HD-CPR) improves survival. Resuscitation. 2017;111:41–47. 
doi:10.1016/j.resuscitation.2016.11.018 [PubMed: 27923692] 

73. Lautz AJ, Morgan RW, Karlsson M, et al. Hemodynamic-directed cardiopulmonary resuscitation 
improves neurologic outcomes and mitochondrial function in the heart and brain. Crit Care Med. 
2019;47(3):e241–e249. doi:10.1097/CCM.0000000000003620 [PubMed: 30779720] 

74. Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide and outcome of out-of-hospital 
cardiac arrest. N Engl J Med. 1997;337(5):301–306. doi:10.1056/NEJM199707313370503 
[PubMed: 9233867] 

75. Sanders AB, Kern KB, Otto CW, Milander MM, Ewy GA. End-tidal carbon dioxide 
monitoring during cardiopulmonary resuscitation: a prognostic indicator for survival. JAMA. 
1989;262(10):1347–1351. doi:10.1001/jama.1989.03430100081033 [PubMed: 2761035] 

76. Hamrick JT, Hamrick JL, Bhalala U, et al. End-tidal CO2-guided chest compression delivery 
improves survival in a neonatal asphyxial cardiac arrest model. Pediatr Crit Care Med. 
2017;18(11): e575–e584. doi:10.1097/PCC.0000000000001299 [PubMed: 28817508] 

77. Berg RA, Reeder RW, Meert KL, et al. ; Eunice Kennedy Shriver National Institute of Child Health 
and Human Development Collaborative Pediatric Critical Care Research Network (CPCCRN) 
Pediatric Intensive Care Quality of Cardio-Pulmonary Resuscitation (PICqCPR) investigators. 
End-tidal carbon dioxide during pediatric in-hospital cardiopulmonary resuscitation. Resuscitation. 
2018; 133:173–179. doi:10.1016/j.resuscitation.2018.08.013 [PubMed: 30118812] 

78. Lah K, Križmarić M, Grmec S. The dynamic pattern of end-tidal carbon dioxide 
during cardiopulmonary resuscitation: difference between asphyxial cardiac arrest and 
ventricular fibrillation/pulseless ventricular tachycardia cardiac arrest. Crit Care. 2011;15(1):R13. 
doi:10.1186/cc9417 [PubMed: 21223550] 

79. Ortmann L, Prodhan P, Gossett J, et al. ; American Heart Association’s Get With The Guidelines–
Resuscitation Investigators. Outcomes after in-hospital cardiac arrest in children with cardiac 
disease: a report from Get With The Guidelines–Resuscitation. Circulation. 2011;124(21): 2329–
2337. doi:10.1161/CIRCULATIONAHA.110.013466 [PubMed: 22025603] 

80. Lasa JJ, Rogers RS, Localio R, et al. Extracorporeal cardiopulmonary resuscitation (E-CPR) during 
pediatric in-hospital cardiopulmonary arrest is associated with improved survival to discharge: a 
report from the American Heart Association’s Get With The Guidelines-Resuscitation (GWTG-
R) registry. Circulation. 2016;133(2):165–176. doi:10.1161/CIRCULATIONAHA.115.016082 
[PubMed: 26635402] 

Morgan et al. Page 16

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



81. Bembea MM, Ng DK, Rizkalla N, et al. ; American Heart Association’s Get With The Guidelines 
– Resuscitation Investigators. Outcomes after extracorporeal cardiopulmonary resuscitation of 
pediatric in-hospital cardiac arrest: a report from the Get With The Guidelines-Resuscitation and 
the Extracorporeal Life Support Organization registries. Crit Care Med. 2019;47(4):e278–e285. 
doi:10.1097/CCM.0000000000003622 [PubMed: 30747771] 

82. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syndrome: epidemiology, 
pathophysiology, treatment, and prognostication: a consensus statement from the International 
Liaison Committee on Resuscitation (American Heart Association, Australian and New 
Zealand Council on Resuscitation, European Resuscitation Council, Heart and Stroke 
Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Asia, and 
the Resuscitation Council of Southern Africa); the American Heart Association Emergency 
Cardiovascular Care Committee; the Council on Cardiovascular Surgery and Anesthesia; 
the Council on Cardiopulmonary, Perioperative, and Critical Care; the Council on Clinical 
Cardiology; and the Stroke Council. Circulation. 2008;118(23): 2452–2483. doi:10.1161/
CIRCULATIONAHA.108.190652 [PubMed: 18948368] 

83. Conlon TW, Falkensammer CB, Hammond RS, Nadkarni VM, Berg RA, Topjian AA. 
Association of left ventricular systolic function and vasopressor support with survival following 
pediatric out-of-hospital cardiac arrest. Pediatr Crit Care Med. 2015;16(2):146–154. doi:10.1097/
PCC.0000000000000305 [PubMed: 25560427] 

84. Checchia PA, Sehra R, Moynihan J, Daher N, Tang W, Weil MH. Myocardial injury in children 
following resuscitation after cardiac arrest. Resuscitation. 2003;57(2):131–137. doi:10.1016/
S0300-9572(03)00003-0 [PubMed: 12745180] 

85. Topjian AA, French B, Sutton RM, et al. Early postresuscitation hypotension is associated with 
increased mortality following pediatric cardiac arrest. Crit Care Med. 2014;42(6):1518–1523. 
doi:10.1097/CCM.0000000000000216 [PubMed: 24561563] 

86. Topjian AA, Telford R, Holubkov R, et al. ; Therapeutic Hypothermia After Pediatric Cardiac 
Arrest (THAPCA) Trial Investigators. Association of early postresuscitation hypotension with 
survival to discharge after targeted temperature management for pediatric out-of-hospital cardiac 
arrest: secondary analysis of a randomized clinical trial. JAMA Pediatr. 2018;172(2):143–153. 
doi:10.1001/jamapediatrics.2017.4043 [PubMed: 29228147] 

87. Laverriere EK, Polansky M, French B, Nadkarni VM, Berg RA, Topjian AA. Association of 
duration of hypotension with survival after pediatric cardiac arrest. Pediatr Crit Care Med. 
2020;21(2):143–149. doi:10.1097/PCC.0000000000002119 [PubMed: 31568263] 

88. Del Castillo J, López-Herce J, Matamoros M, et al. ; Iberoamerican Pediatric Cardiac Arrest Study 
Network RIBEPCI. Hyperoxia, hypocapnia and hypercapnia as outcome factors after cardiac 
arrest in children. Resuscitation. 2012;83(12):1456–1461. doi:10.1016/j.resuscitation.2012.07.019 
[PubMed: 22841610] 

89. Ferguson LP, Durward A, Tibby SM. Relationship between arterial partial oxygen pressure after 
resuscitation from cardiac arrest and mortality in children. Circulation. 2012;126(3):335–342. 
doi:10.1161/CIRCULATIONAHA.111.085100 [PubMed: 22723307] 

90. Holmberg MJ, Nicholson T, Nolan JP, et al. ; Adult Pediatric Advanced Life Support Task Forces 
at the International Liaison Committee on Resuscitation (ILCOR). Oxygenation and ventilation 
targets after cardiac arrest: a systematic review and meta-analysis. Resuscitation. 2020;152:107–
115. doi:10.1016/j.resuscitation.2020.04.031 [PubMed: 32389599] 

91. Bennett KS, Clark AE, Meert KL, et al. ; Pediatric Emergency Care Medicine Applied 
Research Network. Early oxygenation and ventilation measurements after pediatric cardiac 
arrest: lack of association with outcome. Crit Care Med. 2013;41 (6):1534–1542. doi:10.1097/
CCM.0b013e318287f54c [PubMed: 23552509] 

92. de Caen AR, Maconochie IK, Aickin R, et al. ; Pediatric Basic Life Support and Pediatric 
Advanced Life Support Chapter Collaborators. Part 6: pediatric basic life support and 
pediatric advanced life support: 2015 International Consensus on Cardiopulmonary Resuscitation 
and Emergency Cardiovascular Care Science With Treatment Recommendations. Circulation. 
2015;132(16 suppl 1):S177–S203. doi:10.1161/CIR.0000000000000275 [PubMed: 26472853] 

93. Bembea MM, Nadkarni VM, Diener-West M, et al. ; American Heart Association National 
Registry of Cardiopulmonary Resuscitation Investigators. Temperature patterns in the early 

Morgan et al. Page 17

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



postresuscitation period after pediatric inhospital cardiac arrest. Pediatr Crit Care Med. 
2010;11(6):723–730. doi:10.1097/PCC.0b013e3181dde659 [PubMed: 20431503] 

94. Moler FW, Silverstein FS, Holubkov R, et al. ; THAPCA Trial Investigators. Therapeutic 
hypothermia after in-hospital cardiac arrest in children. N Engl J Med. 2017;376(4):318–329. 
doi:10.1056/NEJMoa1610493 [PubMed: 28118559] 

95. Abend NS, Topjian A, Ichord R, et al. Electroencephalographic monitoring during 
hypothermia after pediatric cardiac arrest. Neurology. 2009;72(22):1931–1940. doi:10.1212/
WNL.0b013e3181a82687 [PubMed: 19487651] 

96. Topjian AA, Sánchez SM, Shults J, Berg RA, Dlugos DJ, Abend NS. Early 
electroencephalographic background features predict outcomes in children resuscitated from 
cardiac arrest. Pediatr Crit Care Med. 2016;17(6):547–557. doi:10.1097/PCC.0000000000000740 
[PubMed: 27097270] 

97. Ichord R, Silverstein FS, Slomine BS, et al. ; THAPCA Trial Group. Neurologic outcomes in 
pediatric cardiac arrest survivors enrolled in the THAPCA trials. Neurology. 2018;91(2):e123–
e131. doi:10.1212/WNL.0000000000005773 [PubMed: 29884735] 

98. Adrie C, Adib-Conquy M, Laurent I, et al. Successful cardiopulmonary resuscitation 
after cardiac arrest as a “sepsis-like” syndrome. Circulation. 2002;106(5):562–568. 
doi:10.1161/01.CIR.0000023891.80661.AD [PubMed: 12147537] 

99. Hosseini M, Wilson RH, Crouzet C, Amirhekmat A, Wei KS, Akbari Y. Resuscitating the 
globally ischemic brain: TTM and beyond. Neurotherapeutics. 2020;17(2):539–562. doi:10.1007/
s13311-020-00856-z [PubMed: 32367476] 

100. Callaway CW, Donnino MW, Fink EL, et al. Part 8: post-cardiac arrest care: 2015 
American Heart Association guidelines update for cardiopulmonary resuscitation and 
emergency cardiovascular care. Circulation. 2015;132(18 suppl 2):S465–S482. doi:10.1161/
CIR.0000000000000262 [PubMed: 26472996] 

101. Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: adult advanced cardiovascular life support: 
2015 American Heart Association guidelines update for cardiopulmonary resuscitation and 
emergency cardiovascular care. Circulation. 2015;132(18)(suppl 2):S444–S464. doi:10.1161/
CIR.0000000000000261 [PubMed: 26472995] 

102. Fink EL, Berger RP, Clark RS, et al. Serum biomarkers of brain injury to 
classify outcome after pediatric cardiac arrest*. Crit Care Med. 2014;42(3): 664–674. 
doi:10.1097/01.ccm.0000435668.53188.80 [PubMed: 24164954] 

103. Topjian AA, Lin R, Morris MC, et al. Neuron-specific enolase and S-100B are associated with 
neurologic outcome after pediatric cardiac arrest. Pediatr Crit Care Med. 2009;10(4):479–490. 
doi:10.1097/PCC.0b013e318198bdb5 [PubMed: 19307814] 

104. Kirschen MP, Yehya N, Graham K, et al. Circulating neurofilament light chain is associated with 
survival after pediatric cardiac arrest. Pediatr Crit Care Med. 2020;21(7):656–661. doi:10.1097/
PCC.0000000000002294 [PubMed: 32224828] 

105. Nakagawa TA, Ashwal S, Mathur M, et al. ; Society of Critical Care Medicine; Section 
on Critical Care and Section on Neurology of the American Academy of Pediatrics; Child 
Neurology Society. Guidelines for the determination of brain death in infants and children: 
an update of the 1987 Task Force recommendations. Crit Care Med. 2011;39(9): 2139–2155. 
doi:10.1097/CCM.0b013e31821f0d4f [PubMed: 21849823] 

Morgan et al. Page 18

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morgan et al. Page 19

Table 1.

Characteristics of Pediatric vs Adult In-Hospital Cardiac Arrest

Characteristic Pediatric patients3–5,7 Adult patients4,6,7

Incidence Approximately 15 200/y in United States Approximately 292 000/y in United States

Age
Median: 1–2 y; mean: 3–5 y

a Mean: 66 y

Male sex 50%−55% 60%

Hospital location
85%−90% In monitored settings

b
50% In monitored settings

b

Airway in place Approximately 80% Approximately 30%−35%

Cause of cardiac arrest Most with respiratory failure and/or progressive shock 50%−60% Cardiac; 15%−40% respiratory

Initial cardiac arrest rhythm 50% Bradycardia with poor perfusion; 40% other 
nonshockable rhythms

80% Nonshockable rhythms (pulseless electrical 
activity or asystole)

Survivalto discharge 45%−50% (40%Among those with pulseless events) 25%

Neurological outcome
Favorable in 80%−90% of survivors

c
Good functional status in 80% of survivors

d

a
Age depends on inclusion criteria of studies.

b
Monitored settings include intensive care units, emergency departments, and operating rooms.

c
Pediatric Cerebral Performance Category scale (range: 1–6, with 1 indicating normal function and 6 indicating brain death8): 1 to 3 or unchanged 

from baseline.

d
Cerebral Performance Category scale: 1 or 2.
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Table 2.

Guideline Targets for Pediatric Cardiopulmonary Resuscitation Quality

Metric Target9,10

Rate 100–120 Compressions/min

Depth
Adolescents

a
: 5–6 cm

Children
b
: approximately 5 cm (≥one-third anterior-posterior chest depth)

Infants
c
: approximately 4 cm (≥one-third anterior-posterior chest depth)

Chest compression fraction Chest compressions for ≥80% of time of arrest

Chest recoil Allow full recoil between compressions; avoid leaning

Ventilations Advanced airway: 10 breaths/min

No advanced airway (adolescents
a
): 30:2 compression to ventilation ratio

No advanced airway (children
b
 and infants

c
): 15:2 compression to ventilation ratio

a
Adolescents are those showing signs of puberty (eg, breast development in girls; axillary hair in boys).

b
Children are those 1 year or older without signs of puberty.

c
Infants are those younger than 1 year.

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morgan et al. Page 21

Ta
b

le
 3

.

Po
st

–C
ar

di
ac

 A
rr

es
t S

yn
dr

om
e9,

30
,5

3,
83

–9
6

K
ey

 c
om

po
ne

nt
C

lin
ic

al
 m

an
if

es
ta

ti
on

s
M

on
it

or
in

g
T

he
ra

pi
es

B
ra

in
 in

ju
ry

•
E

nc
ep

ha
lo

pa
th

y

•
C

er
eb

ra
l e

de
m

a

•
Se

iz
ur

es

•
M

yo
cl

on
us

•
C

om
a

•
E

E
G

•
C

lin
ic

al
 n

eu
ro

lo
gi

ca
l e

xa
m

in
at

io
n

•
B

ra
in

 C
T

•
B

ra
in

 M
R

I

•
N

ea
r-

in
fr

ar
ed

 s
pe

ct
ro

sc
op

y;
 tr

an
sc

ra
ni

al
 

D
op

pl
er

•
A

nt
is

ei
zu

re
 m

ed
ic

at
io

ns

•
T

T
M

: 3
2–

34
 °

C
 o

r 
36

–3
7.

5 
°C

•
Se

da
tio

n

•
O

xy
ge

n 
sa

tu
ra

tio
n 

94
%

−
99

%

M
yo

ca
rd

ia
l d

ys
fu

nc
tio

n
•

L
ef

t a
nd

 r
ig

ht
 v

en
tr

ic
ul

ar
 s

ys
to

lic
 a

nd
 

di
as

to
lic

 d
ys

fu
nc

tio
n

•
H

yp
ot

en
si

on

•
A

rr
hy

th
m

ia
s

•
L

ow
 c

ar
di

ac
 o

ut
pu

t

•
Pu

lm
on

ar
y 

ed
em

a

•
A

rt
er

ia
l l

in
e

•
E

ch
oc

ar
di

og
ra

m

•
C

ar
di

ac
 m

on
ito

ri
ng

•
In

ot
ro

pi
c 

m
ed

ic
at

io
ns

•
A

nt
ia

rr
hy

th
m

ic
 m

ed
ic

at
io

ns

•
E

le
ct

ro
ly

te
 r

ep
le

tio
n

•
M

ec
ha

ni
ca

l v
en

til
at

io
n

Sy
st

em
ic

 is
ch

em
ia

-
re

pe
rf

us
io

n 
re

sp
on

se
•

H
yp

ot
en

si
on

•
V

as
op

le
gi

a

•
H

yp
ov

ol
em

ia

•
H

yp
er

gl
yc

em
ia

/h
yp

og
ly

ce
m

ia

•
A

dr
en

al
 in

su
ff

ic
ie

nc
y

•
C

oa
gu

lo
pa

th
y

•
M

ul
tis

ys
te

m
 o

rg
an

 d
ys

fu
nc

tio
n

•
Py

re
xi

a

•
Pu

ls
e 

ox
im

et
ry

•
Te

m
pe

ra
tu

re

•
U

ri
ne

 o
ut

pu
t

•
L

ab
or

at
or

ys
tu

di
es

 (
pH

; l
ac

ta
te

; 
en

d-
or

ga
n 

pe
rf

us
io

n;
 c

oa
gu

la
tio

n;
 

ox
yg

en
at

io
n/

ve
nt

ila
tio

n)

•
C

he
st

 r
ad

io
gr

ap
h

•
V

as
oa

ct
iv

e 
m

ed
ic

at
io

ns

•
In

su
lin

/d
ex

tr
os

e

•
C

or
tic

os
te

ro
id

s

•
Pr

od
uc

t r
ep

la
ce

m
en

t

•
T

T
M

/a
nt

ip
yr

et
ic

 m
ed

ic
at

io
ns

•
R

en
al

 r
ep

la
ce

m
en

t t
he

ra
py

Pe
rs

is
te

nt
 p

re
ci

pi
ta

tin
g 

pa
th

op
hy

si
ol

og
ic

al
 

co
nd

iti
on

•
O

ng
oi

ng
 u

nd
er

ly
in

g 
di

se
as

e 
pr

oc
es

s 
(e

g,
 

re
sp

ir
at

or
yf

ai
lu

re
, s

ep
si

s,
 a

nd
 p

ul
m

on
ar

y 
hy

pe
rt

en
si

on
)

•
O

bs
er

va
tio

n/
m

on
ito

ri
ng

 in
 I

C
U

 s
et

tin
g

•
O

ng
oi

ng
 a

ss
es

sm
en

t o
f 

pr
og

re
ss

io
n 

of
 

un
de

rl
yi

ng
 il

ln
es

se
s

•
Sp

ec
if

ic
 to

 in
di

vi
du

al
 

pa
th

op
hy

si
ol

og
ic

al
 p

ro
ce

ss
es

A
bb

re
vi

at
io

ns
: C

T,
 c

om
pu

te
d 

to
m

og
ra

ph
y;

 E
E

G
, e

le
ct

ro
en

ce
ph

al
og

ra
m

; I
C

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g;
 T

T
M

, t
ar

ge
te

d 
te

m
pe

ra
tu

re
 m

an
ag

em
en

t.

JAMA Pediatr. Author manuscript; available in PMC 2022 March 01.


	Abstract
	Methods
	Discussion
	Epidemiological Characteristics of Pediatric IHCA
	Incidence and Location
	Causes and Rhythms
	Outcomes

	Prevention of Pediatric IHCA
	Treatment of Cardiac Arrest
	Chest Compressions
	Defibrillation
	Ventilation and Airway Management
	Medications
	Personalizing CPR
	CPR Duration and Extracorporeal Support

	Post–Cardiac Arrest Syndrome and Care
	Therapeutics
	Identification of Risk and Probable Outcomes


	Conclusions
	References
	Table 1.
	Table 2.
	Table 3.

