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Abstract Pediatric cardiac arrest is a rare condition gener-
ally associated with a low likelihood of neurologically intact
survival. In pediatrics, cardiopulmonary resuscitation (CPR)
has traditionally focused on the management of the airway and
restoration of adequate ventilation. Recent advances in the
understanding of resuscitation physiology and technology
have dramatically changed the landscape for pediatric resus-
citation. As is often the case, old habits die hard—global
adoption of these newer concepts has been slow and incom-
plete. This article summarizes the recent advances in CPR,
addressing both resuscitative and post-resuscitative care.
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Introduction

The 2010 American Heart Association (AHA) guidelines
for advanced cardiac life support changed the way practi-
tioners think of cardiopulmonary resuscitation (CPR). The
move from ABC (airway, breathing, circulation) to CAB
intended to shift rescuers’ focus from the technically dif-
ficult management of the airway and ventilation to the
more straightforward provision of chest compressions. The
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change has not only permitted the simplification of training
for lay rescuers, but also shifted our priorities in resusci-
tative scenarios. The paramount importance of chest
compressions has been emphasized as never before.

With such great change, we find ourselves questioning
our pediatric resuscitative practices in general. Medica-
tions, equipment, technologies and others are being criti-
cally examined. While pediatric data is sparse, we are
unable to ignore the emergence of large adult studies
supporting changes in practice regarding all of these. The
randomized controlled trial data in adults is often supported
by retrospective cohort studies in children.

The changes in the 2010 guidelines secured the belief
that resuscitative medicine is a changing field, with new
technologies and techniques available to medical practi-
tioners. This review provides an assessment of current
pediatric concepts regarding CPR.

Initiation and Quality of Cardiopulmonary
Resuscitation

Initiation of CPR

Better outcomes rely on rapid diagnosis of cardiac arrest
and immediate institution of CPR. However, rapid diag-
nosis of cardiac arrest can be surprisingly difficult, even for
healthcare professionals. For instance, Tibballs et al. [1¢]
demonstrated that pulse checks performed by pediatric
healthcare providers were inaccurate; rescuers misdiag-
nosed cardiac arrest in 22 % of cases, would have withheld
cardiac compressions in 14 % of cases where they were
indicated, and would have performed unnecessary cardiac
compressions in 36 % of cases. Their study also reported
that brachial palpation was slightly more reliable than
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femoral palpation. Similar to other studies, they concluded
that pulse palpation is unreliable in diagnosing pediatric
cardiac arrest. Moreover, a similar study showed that res-
cuers took too long to make a decision regarding presence
or absence of a pulse (mean time 20 & 17 s) [2]. They also
took a mean time of 30 &+ 19 s to diagnose the absence of a
pulse, and 13 £ 13 s to diagnose the presence of a pulse.
Experienced doctors (those with training in acute care
disciplines) were the fastest and most accurate in their
determinations. Cognizant of these findings, the recently
released AHA pediatric resuscitation guidelines state that
lay rescuers should initiate CPR if the victim is unre-
sponsive, not breathing normally, and without signs of life.
In infants and children with signs of life, healthcare pro-
viders should begin CPR unless they can definitely palpate
a pulse within 10 s [3e].

The recommendations encouraging earlier administration
of CPR are reasonable because of the low risk associated with
chest compressions. A 2006 review of 923 children who had
CPR found three children who sustained rib fractures as a
result of chest compressions; all were anterior (two mid-cla-
vicular and one costo-chondral) and none were associated
with long-term medical sequelae [4]. The infrequency of rib
fractures in this population relates to the flexibility of the chest
wall. Additional risks include pneumothorax from fractured
rib and/or abdominal visceral organ rupture with inappropri-
ately positioned compressions, however none of these have
been reported in children.

CPR Sequence—ABC to CAB

The 2010 AHA guidelines sought to minimize delays in ini-
tiating cardiac compressions by revising the sequence from
ABC (airway, breathing, compressions) to CAB (compres-
sions, airway, breathing), thereby reiterating the importance
of cardiac compressions. This change in sequence is endorsed
in infant, child and adult resuscitation despite major differ-
ences in etiology (dysrhythmia in adults, asphyxia in chil-
dren). Across all age groups, the most common cause of
cardiac arrest is ventricular fibrillation/ventricular tachycardia
(VF/VT). The adoption of the CAB sequence in pediatrics
simplifies the teaching of resuscitation skills.

Importantly in pediatrics, data shows that the practice is
not necessarily harmful in asphyxial cardiac arrest. In
pediatric CPR, the shorter the period of time elapsed
between collapse and the first chest compression is a reli-
able predictor of sustained return of spontaneous circula-
tion [5¢]. Shorter times may be facilitated by using the
CAB sequence rather than the ABC sequence, as evidenced
by a randomized trial comparing times of intervention
during pediatric CPR maneuvers using ABC and CAB
sequences in a simulation setting [6]. The CAB sequence
prompted quicker recognition of respiratory or cardiac
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arrest and quicker initiation of CPR. In the cardiac arrest
scenario, the CAB sequence resulted in cardiac compres-
sions starting earlier compared with the ABC sequence
(19 £ 2 vs. 43 £ 5 s, respectively). Interestingly, assisted
ventilations started earlier in the respiratory arrest scenario
when the CAB sequence was used instead of ABC
sequence (19 £ 1 vs. 23 £ 3 s respectively).

Conversely, compression-only CPR has not been shown
to be effective in young patients. A 2010 meta-analysis of
adults with out-of-hospital cardiac arrest showed that
compression-only CPR was associated with improved
chance of survival compared with standard CPR [7].
However, a 2011 observational study of approximately
40,000 patients comparing the effectiveness of compres-
sion only CPR with conventional CPR demonstrated that
both 1-month survival and neurologically favorable
I-month survival rates after witnessed out-of-hospital car-
diac arrest were higher in the conventional CPR group
[8+]. Not surprisingly, the benefit of conventional CPR
over compression only CPR was significantly greater at
younger ages (0-19 years) for arrests primarily of non-
cardiac origin, but similar at all ages for arrests primarily of
cardiac origin and all cases combined. This reflects the
increased number of respiratory arrests leading to cardiac
arrest in the pediatric population. No studies have been
done exclusively looking at outcomes of compression only
CPR in the pediatric population.

Minimizing Interruptions of Compressions

The present recommendations discourage frequent inter-
ruption of chest compressions because of the deleterious
effect on coronary perfusion. Experimental models have
shown that coronary perfusion pressure is a major deter-
minant of survival from cardiac arrest [9]. Animal studies
show that coronary perfusion pressure rapidly declines
when chest compressions are interrupted. Once compres-
sions are resumed, several chest compressions are needed
to restore coronary perfusion pressure to pre-interruption
levels. Thus, frequent interruptions of chest compressions
prolong the duration of low coronary perfusion pressure
and flow and reduce the mean coronary artery perfusion
pressure. Adult studies have since demonstrated that these
interruptions prolong the time to ROSC [10].

Assessment of CPR Quality

Chest Compressions

The goal of effective CPR is to optimize coronary and
cerebral perfusion and blood flow to critical organs during

this low-flow phase. The emphasis in this phase is the
implementation of effective chest compressions (push hard,
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push fast, allow full chest recoil, minimize interruptions, and
do not over-ventilate). The depth of compressions should be
at least one-third of the chest’s antero-posterior diameter.
The recommended compression rate remains constant for all
ages (100 compressions per minute). It is recommended that
rescuers should change compressors every 2 min prior to
onset of rescuer fatigue. A one- or two-hand technique is
acceptable when performing chest compressions in children.

The survival benefit of high-quality CPR (Q-CPR) is well
documented, but little objective data exist regarding actual
CPR quality during cardiac arrest. Approximately 5 years
ago, quantitative CPR monitoring systems equipped with a
force transducer and accelerometer were developed and
deployed during adult arrest. These Q-CPR devices can record
objective data on force, depth and timing, rate of compres-
sions, and can provide real-time automated audio and visual
directive and corrective feedback during actual cardiac arrests
through interface with defibrillator systems. Subsequent
studies have demonstrated improvement in CPR quality when
these devices are employed [11].

Little has been published on quality of pediatric CPR. In
2009, Sutton used a Q-CPR device to evaluate rate, depth, and
quality of chest compressions and ventilations delivered to 20
pediatric patients during in-hospital cardiac arrest. Deficien-
cies were demonstrated in ability to attain published guideline
targets for quality of CPR. Chest compressions were fre-
quently performed at an inappropriate rate (primarily too
slow) and/or depth (primarily too shallow). This was the first
study that demonstrated that parameters of CPR quality could
be tracked and reported during pediatric CPR as a real-time
quality improvement tool [12¢].

A widely available and practical approach to providing
feedback during CPR is continuous capnography or capnom-
etry. Monitoring of end-tidal carbon dioxide (ETCO2) levels
in cardiac arrest was first described over 30 years ago [13]. A
drop in ETCO2 indicated inadequate compression efficacy,
and signaled the need for more vigorous compressions or a
new provider to replace a fatigued colleague and perform chest
compressions. Nearly 10 years later, ETCO2 levels were
demonstrated in an animal model to fall immediately at the
onset of cardiac arrest, increase immediately with chest com-
pressions, provide a linear correlation with cardiac index,
predict successful resuscitation, and allow detection of ROSC
when a sudden increase in the ETCO2 level occurred [14].
These results have since been reproduced in multiple human
and animal studies. If the ETCO?2 is consistently <15 mmHg,
it is reasonable to focus efforts on improving the quality of
chest compressions and avoiding excessive ventilation.

Ventilation

Although harmful, excessive ventilation during CPR is a
common occurrence. Increased ventilation rate in animals

is associated with significantly lower coronary perfusion
pressures [15]. In a series of 72 pediatric simulated medical
emergencies, hyperventilation was present in every mock
code reviewed, with a mean rate of bag-valve mask ven-
tilation of 40 £ 12 breaths per minute [16]. The 2010 AHA
guidelines state that while there is insufficient data to
identify the optimal tidal volume or respiratory rate, a
reduction in minute ventilation to less than baseline for age
is reasonable to maintain an adequate ventilation:perfusion
ratio during CPR while avoiding the harmful effects of
excessive ventilation.

Resuscitation Training

Cardiopulmonary resuscitation teaching has classically
consisted of infrequent and intensive training courses.
Many healthcare providers receive initial CPR certification
following a 1- or 2-day course, and maintain that certifi-
cation through yearly refresher courses. A growing body of
evidence demonstrates that this approach not only results in
suboptimal skill acquisition, but also inadequate skill
retention 3—6 months after initial training [17-19]. Newer
techniques to improve skill retention and performance are
described here.

Booster Training

Low-dose, high-frequency CPR training (“booster train-
ing”) is a technique to facilitate skill retention described by
Sutton and colleagues. This group has described significant
improvements in CPR quality following a 2-min CPR
“booster”; either instructor led or automated using a
commercially available system [20e, 21]. These sessions
focus on the basics of good chest compressions: adequate
rate and depth, minimal interruptions, and allowing com-
plete chest recoil. Practitioners with quarterly exposure to
these 2-min sessions showed not only good retention of
skills, but also gradual improvement in their baseline CPR
quality. These sessions can be performed during normal
work hours, making them an attractive option in a resource
challenged environment.

Post-resuscitation Debriefing

The 2010 AHA guidelines formally endorse the use of
debriefing to improve the quality of simulation-based CPR
education. Traditional CPR training has relied heavily on
feedback, during which the instructor relays observations
to the learner. With increasing use of high-fidelity simu-
lation in resuscitation courses, skill in post-scenario
debriefing becomes necessary. Debriefing may be defined
as “facilitated or guided reflection in the cycle of
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experiential learning” [22]. This newer approach improves
outcomes for CPR learners, and consequently a debriefing
module has been added to the most recent Pediatric
Advanced Life Support instructor support materials [23].

In actual resuscitation situations, post-resuscitation
quantitative debriefing may also play an important role.
Chest compression depth and rate improved significantly
for medical residents in a prospective interventional trial
using a historical control [24]. Post-resuscitation quantita-
tive debriefing has recently been reported in pediatrics,
where practitioners were debriefed on eight items observed
during the resuscitation (chest compression quality, no-
flow time, defibrillation, ETCO?2, arrest physiology, rhythm
management, medication usage, and communication).
These debriefs were well received by practitioners, dem-
onstrating that in situ debriefing can be easily performed
[25]. Coupled with the knowledge that such debriefs
improve the quality of CPR delivered by a resuscitation
team, this information should encourage leaders to debrief
with their team, at least quantitatively, following every
resuscitation.

Advances in Resuscitation Strategies
Standard Cardiac Resuscitation Medications
Epinephrine

Epinephrine is the drug of choice in the management of
cardiac arrest. Its vasoconstrictive properties have been
demonstrated to improve coronary and cerebral perfusion
during cardiac arrest. A 2009 study of adult out-of-hospital
cardiac arrest, which randomized patients to receive epi-
nephrine or placebo, demonstrated faster time to ROSC in
the epinephrine group; however, this did not translate to
improved survival to hospital discharge [26]. A systematic
review of 53 articles demonstrated that epinephrine is
associated with improvement in short-term survival out-
comes when compared with placebo in adults, although no
long-term survival benefit was demonstrated [27]. No
studies have compared epinephrine with placebo in the
pediatric population.

Regarding the appropriate dose of epinephrine during
CPR, a single randomized controlled trial in pediatrics
compared the use of standard dose (0.01 mg/kg) versus
high dose (0.1 mg/kg) epinephrine [28]. No difference in
rate of survival was noted amongst the 68 patients enrolled.
However, a trend did emerge amongst those patients with
asphyxial cardiac arrest suggesting that high-dose therapy
was harmful. As a result of these findings, subsequent
resuscitation guidelines have suggested standard dose epi-
nephrine (0.01 mg/kg) to be used throughout resuscitation.
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Atropine

Bradycardic arrest in children is most often due to hypoxia.
The 2010 AHA guidelines recommended administration of
epinephrine if bradycardia persists despite oxygen admin-
istration and/or assisted ventilation. The use of atropine is
limited to primary conduction problems, increased vagal
tone and cholinergic toxicity. The adult resuscitation
guidelines recommend atropine for symptomatic brady-
cardia, followed by pacing and/or epinephrine as second-
line interventions. This difference reflects the different
etiology for bradycardic arrest in adults (primary cardiac
origin). A concern with administration of atropine in
children is the risk of paradoxical bradycardia. To date no
studies have compared atropine with epinephrine in the
management of bradycardic arrest in children.

Sodium Bicarbonate

No randomized controlled trials have assessed the use of
sodium bicarbonate in the management of pediatric cardiac
arrest. A multicenter, retrospective study of in-hospital pedi-
atric cardiac arrest reported that sodium bicarbonate admin-
istration was independently associated with increased
mortality [29]. The reason for this is unclear, but it may be due
to the carbon dioxide generated by bicarbonate administra-
tion, which may not be cleared despite adequate ventilation
during a low-flow resuscitative state. It is believed that the
resulting respiratory acidosis can potentially worsen existing
metabolic acidosis and have deleterious effects on myocardial
performance [30]. The 2010 AHA guidelines reiterate the lack
of evidence for routine use of sodium bicarbonate in pediatric
cardiac arrest.

Calcium

No randomized controlled trials have assessed the use of
calcium in the management of pediatric cardiac arrest. A
multicenter, retrospective study of in-hospital pediatric
cardiac arrest reported that calcium administration was
independently associated with increased mortality [29].
Increased cytoplasmic calcium concentration activates
intracellular enzyme systems resulting in cellular necrosis
[31]. As early as 2000 the recommendation has been that
administration of calcium in the cardiac arrest setting be
limited to documented hyocalcemia, hyperkalemia, and
calcium channel blocker overdose. Nonetheless, during
in-hospital pediatric cardiac arrests calcium use is reported
in 45 % of events [32]. Its use was also associated with
decreased survival to discharge. Calcium use should
therefore be limited to known cases of hypocalcemia,
hyperkalemia, hypermagnesemia, or calcium channel
blocker toxicity.
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Vasopressin

The 2010 AHA guidelines support the use of a single dose
of vasopressin (40 U, to replace either the first or second
dose of epinephrine) in the management of adult cardiac
arrest. A retrospective registry review in 2009 showed an
association between vasopressin use and worse ROSC [33].
Pediatric use of vasopressin appears to be practitioner
dependent, with occasional use during in-hospital cardiac
arrest (primarily in the intensive care unit). Its use in
pediatrics has not been well studied, and the 2010 AHA
guidelines do not recommend its routine use in pediatric
cardiac arrest.

Extracorporeal CPR (eCPR)

Over the past decade, extracorporeal life support (ECLS)
has emerged as one of the defining life support technolo-
gies available to critical care practitioners. Initially used
primarily for neonatal respiratory failure, it has become a
widespread advanced support modality for use in severe
cardio-respiratory failure in all age groups. Recognizing
that 40-50 % of in-hospital pediatric cardiac arrest victims
will not be successfully resuscitated by PALS guided
resuscitation techniques [29, 34], many centers worldwide
have established programs to facilitate rapid deployment of
ECLS in this population.

If adequate cerebral perfusion can be maintained until
extracorporeal circulation is established, it is possible to
achieve intact neurological outcome. The overall outcome
is largely reliant on the early and aggressive performance
of chest compressions, with minimal interruptions. A well-
rehearsed mechanism for rapid deployment of ECLS must
exist for eCPR to be a feasible option. Typically this
involves limiting use of these resources to cases of wit-
nessed in-hospital cardiac arrest, although our center has
achieved excellent outcomes in two patients suffering
witnessed out-of-hospital cardiac arrest. To ensure that
both timely PALS resuscitation is provided and ECLS is
expeditiously initiated, we recommend that one physician
team leader coordinates standard resuscitative interven-
tions while a second physician team leader coordinates the
deployment of ECLS.

Outcome data for eCPR is limited. For neonatal patients,
the Extracorporeal Life Support Organization 2012 registry
data shows that 63 % of patients could be weaned from
ECLS, with an overall survival to discharge or transfer of
38 %. For pediatric patients, 53 % survived ECLS and
40 % survived to discharge or transfer [35]. This data is
difficult to interpret, because criteria for eCPR are variable.
However recognizing that most patients who have not
achieved ROSC in 20—40 min will die (approximately the
time required for ECLS cannulation), the survival numbers

in the ELSO database are impressive. A recent prospective
observational study in adults also demonstrated a survival
benefit from eCPR [36]. The quality of neurological out-
come following eCPR is not well described, and clearly
this requires further study.

While epinephrine is the drug of choice in CPR, post-
resuscitation epinephrine toxicity can impair the ability to
provide adequate extracorporeal blood flow, especially
when the ECLS circuit uses a centrifugal blood pump.
These pumps are afterload dependent, and the elevated
systemic vascular resistance increases afterload thereby
decreasing pump flow for any given rotational frequency.
Therefore those patients with clinically significant eleva-
tions of systemic vascular resistance following initiation of
extracorporeal support commonly require systemic vaso-
dilators including milrinone and sodium nitroprusside.

Post-resuscitation Management
Therapeutic Hypothermia

The use of induced hypothermia for neuro-protection after
pediatric cardiac arrest has been of long-standing interest.
Reports of impressive neurological recovery following
prolonged cold water drowning initially created interest in
therapeutic hypothermia for other indications [37]. It was
widely used as a neuro-protective therapy following pedi-
atric drowning through the 1970s [38], and was used fol-
lowing asphyxial cardiac arrest into the 1980s [38, 39]. The
therapy was subsequently largely abandoned due to diffi-
culties with reliable and safe application, coupled with
unclear benefits [40]. Resurgence of interest in perinatal
medicine led the way for the major adult studies demon-
strating both safety and efficacy of induced hypothermia
following ventricular fibrillation cardiac arrest. Induced
hypothermia has become an established neuro-protective
measure for adult victims of VF/VT cardiac arrest since its
use has been demonstrated to reduce mortality and improve
neurological outcome [41, 42]. In addition, the 2010 AHA
guidelines advocate use for PEA and asystolic cardiac
arrest in adults [43].

Current definitive pediatric evidence to guide practice
does not exist. It has been demonstrated that therapeutic
hypothermia can be employed safely in pediatrics [44]. The
ongoing THAPCA trial, which will be the first randomized
controlled trial studying outcomes for therapeutic hypo-
thermia after in- and out-of-hospital cardiac arrest in
children may offer some direction. Despite the lack of
evidence in pediatrics, many centers have adopted the
practice based on the definitive adult and perinatal litera-
ture [45, 46]. Indications for use vary widely, although
most centers include the cohort of children who have
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suffered sudden cardiac arrest of non-respiratory origin in
the inclusion group.

When used, therapeutic hypothermia should be initiated
as soon as possible after arrest, potentially even in the pre-
hospital environment. The target temperature is 32-34 °C,
which is maintained for 24-48 h. Subsequent care is vari-
able: rewarming typically occurs at a rate of 0.5 °C every
2 h, and normothermia is typically maintained for 2-4
additional days.

In summary, therapeutic hypothermia can be safely
administered to pediatric patients. It has not been clearly
demonstrated to improve outcomes following pediatric
cardiac arrest. Based on adult and perinatal evidence,
however, it is reasonable to consider this therapy in the
pediatric population.

Conclusion

Pediatric resuscitative practices have historically focused
on the management of airway and ventilation. Advances in
the understanding of adult resuscitative care have set the
stage for pediatricians to re-examine this dogma. In addi-
tion, adult studies have allowed us to change our approach
to medical therapy during CPR and post-resuscitative care.
Despite the current lack of definitive pediatric evidence,
our search for answers to questions raised about our current
practices will improve the future quality of care delivered
to our patients.
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