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Cardiac arrest is a major public health problem affecting thousands of individuals each
year in both the before hospital and in-hospital settings. However, although the scope
of the problem is large, the quality of care provided during resuscitation attempts
frequently does not meet quality of care standards, despite evidence-based cardio-
pulmonary resuscitation (CPR) guidelines, extensive provider training, and provider
credentialing in resuscitation medicine. Although this fact may be disappointing, it
should not be surprising. Resuscitation of the cardiac arrest victim is a highly complex
task requiring coordination between various levels and disciplines of care providers
during a stressful and relatively infrequent clinical situation. Moreover, it requires a tar-
geted, high-quality response to improve clinical outcomes of patients. Therefore, solu-
tions to improve care provided during resuscitation attempts must be multifaceted
and targeted to the diverse number of care providers to be successful.
In the “2010 American Heart Association Guidelines for Cardiopulmonary Resusci-

tation and Emergency Cardiovascular Care (AHA Guidelines),”1,2 the focus of resusci-
tation priorities during cardiac arrest has shifted from early airway and breathing
management toward providing high quality uninterrupted chest compressions and
early defibrillation for shockable rhythms, which is exemplified in the acronym change
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from Airway-Breathing-Circulation, or ABC, to Circulation-Airway-Breathing, or CAB.
There have been numerous studies supporting this simplified approach, including
a recent clinical trial demonstrating that even administration of advanced cardiac
life support (ACLS) medications may not provide a survival benefit to cardiac arrest
patients.3,4 Consequently, it seems that providing high quality CPR (summarized in
the AHA Guidelines catchphrase “Push Hard, Push Fast”) with minimal interruptions
and prompt defibrillation may be the most important actions during cardiac arrest
that will translate into a survival benefit.
Given the complexity of the care required during cardiac arrest resuscitation, it

should not be surprising that, even though in many locales cardiac arrest survival rates
have improved, overall, strategies to improve resuscitation quality and outcomes are
not fully implemented. An adult in-hospital cardiac arrest (IHCA) registry study has
documented a rate of survival to discharge for adult in-hospital arrest at 19%; pedi-
atric rates of survival are slightly higher, exceeding 25%.5–10 Out-of-hospital cardiac
arrest (OHCA) survival rates are much lower for both groups at less than 10%, with
survival depending on location of arrest, initial rhythm, as well as patient and rescuer
factors.11,12 The variability of survival rates among different locations given the same
rhythm and same setting suggests that resuscitation performance may be a contrib-
uting factor.11 This variability in performance can be explained by several factors.
These events occur infrequently from the perspective of any given rescuer, most
rescuers are uncomfortable in these highly stressful situations,13 and this feeling of
unease is only magnified by the existing training programs that follow a low-
frequency paradigm (ie, certification every 2–4 years). Clearly, new approaches,
both technological and educational, are needed. In this article, we review some of
the new approaches to improving cardiac arrest resuscitation performance. The focus
will be on a continuous quality improvement paradigm (ie, before, during, after): to
improve resuscitation outcomes, we must improve training methods before actual
cardiac arrest events, monitor quality during resuscitation attempts, and feedback
care deficiencies to frontline care providers after the events using quantitative debrief-
ing programs.
CURRENT STATE OF RESUSCITATION PERFORMANCE

Recent resuscitation literature, assisted by CPR-recording devices, large cardiac
arrest event registries, and high-fidelity ACLS simulation studies, have focused
on and provide a significant amount of objective data regarding rescuer perfor-
mance during actual and simulated cardiac arrests. Unfortunately, a common
theme from these studies was that resuscitation performance frequently does
not meet established care guidelines during IHCA, OHCA, and simulated cardiac
arrests. Even more troubling, these deficiencies in care spanned the literature
on both pediatric and adult patients.14–16 To illustrate, Wik and colleagues15 re-
ported that during adult OHCA resuscitations, 33% of chest compressions were
too shallow and were being delivered only 48% of the time during the arrest (ie,
nearly half the time when the heart had stopped and there was little or no cardiac
output, no chest compressions were being performed). Although one might expect
such care deficiencies during the sometimes chaotic resuscitation of OHCA
victims, similar deficiencies (23% of chest compressions with incorrect rates;
36% of chest compressions too shallow) were also seen during adult in-hospital
arrest care.14 Sutton and colleagues,16 in the only pediatric report of actual arrest
resuscitation quality to date, demonstrated that even with the provision of defibril-
lator automated corrective feedback during the arrest, resuscitation efforts still did
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not consistently meet established care guidelines. However, this pediatric study
did seem to demonstrate improved care compliance in comparison to previous
adult investigations. The investigators hypothesized that their improved care
was related to a bedside CPR training program instituted at their institution,17

highlighting a possible target for improving resuscitation outcomes (see later
discussion).
In addition to difficulties with chest compression delivery, ventilation rates

exceeding AHA recommendations have also been problematic.18,19 Why are incor-
rect ventilation rates troubling? During the low-flow state of CPR, cardiac output
and pulmonary blood flow are approximately 25% to 50% of that during normal sinus
rhythm. Therefore, much less ventilation is necessary for adequate gas exchange
from the blood traversing the pulmonary circulation. Furthermore, both laboratory
and clinical data indicate that a rapid rate of assisted ventilation (“over-ventilation”
from aggressive rescue breathing) during CPR is common and can substantially
compromise venous return and cardiac output by increasing intrathoracic pres-
sure.18,19 These detrimental hemodynamic effects are compounded when one
considers the effect of interruptions in CPR to provide airway management and
rescue breathing.20–22 Several studies have supported these results during adult
resuscitation attempts23,24 and, as a result, the AHA now recommends the CAB
approach, emphasizing that the rescuer should focus on providing high quality chest
compressions with minimal interruptions. However, given that most pediatrics arrests
are actually asphyxial in nature, controlled ventilation is still recommended. A recent
large pediatric series from Japan supported the need for ventilation in pediatric arrest
victims. In this study, favorable neurologic outcome 1 month after arrest was
improved in patients who received conventional CPR compared with compression-
only CPR for an arrest that was noncardiac in nature.25 In short, the resuscitation
technique should be titrated to the physiology of the patient to optimize patient
outcome.
Performance of actual chest compressions and ventilations is only one aspect of

resuscitation quality. In addition to deficiencies in these psychomotor skills, appro-
priate recognition and treatment of cardiac arrest rhythms has also been shown to
be problematic in actual practice. The treatment of choice for short-duration ventric-
ular fibrillation (VF) is prompt defibrillation. Nevertheless, a large recent registry study
showed that defibrillation was delayed beyond 2 minutes in nearly one-third of in-
hospital VF-ventricular tachycardia (VT) arrests. In general, as the mortality rate
increases by 7% to 10% per minute of delay to defibrillation, such delays in treatment
must be avoided.26 Furthermore, the wrong treatment decisions are frequently made
with respect to defibrillation. In a study involving emergency medical providers (EMS)
providers and medical residents, although manual defibrillation decreased pauses in
chest compressions compared with semiautomatic defibrillation, more inappropriate
shocks were delivered (26%) with a manual approach. In this study, nearly 80% of
these shocks were delivered for an organized cardiac rhythm.27 Currently, the resus-
citation literature is lacking a report of rhythm recognition and treatment during real
pediatric cardiac arrest. However, during simulated resuscitations, pediatric residents
at an academic teaching hospital delayed defibrillation by greater than 3 minutes after
onset of pulseless VT over half of the time.28 This is particularly troubling because
recent studies indicate that VF and VT (ie, shockable rhythms) occur in 27% of in-
hospital pediatric cardiac arrests at some time during the resuscitation,7 with as
many as 41% of pediatric cardiac intensive care arrests associated with VF or VT.29

Programs to improve rhythm recognition and treatment are needed in both the adult
and pediatric realm.
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IMPROVING PERFORMANCE IMPROVES OUTCOMES

Although numerous studies have documented that resuscitation quality frequently
does not meet established care guidelines, it also appears that this substandard
care is adversely affecting hemodynamics during, and outcomes from, cardiac arrest
resuscitation. For example, increasing chest compression depth to the AHA Guideline
standard results in favorable hemodynamic changes, such as an increased arterial
blood pressure, in adult humans30 and an increase in coronary blood flow in mature
pigs.31 In addition, in both human and animal studies of adult subjects, the minimal
interruption of chest compressions seems to be a critically important element of
CPR quality because even short pauses in chest compressions (4–5 seconds)
decreases coronary perfusion pressure, short-term clinical outcome (eg, defibrillation
success), and survival.23,32 Most importantly, studies in adults have established that
aggressive implementation of the AHA Guidelines substantially improves adult cardiac
arrest survival outcomes, including more favorable neurologic outcomes.33,34 Thus,
there seems to be evidence that improving resuscitation quality will translate to
improved outcomes for patients.

BEFORE: RESUSCITATION TRAINING

Because the quality of CPR is directly related to survival outcomes,23,35,36 several
studies have implicated the existing educational programs for teaching CPR skills as
a prime target for interventions to improve survival after cardiac arrest. Although
most hospitals in theUnitedStates require either basic life support or ACLScertification
formost care providers, this is often the only resuscitation training practitioners receive,
and there is a growingbodyof literature supporting the notion that basic life support and
ACLS certification may not necessarily even translate to adequate performance of
these resuscitation skills during actual arrest events, especially given that most
providers have poor retention of these skills 3 to 6months after traditional training. Defi-
ciencies with not only operational performance in simulated scenarios,37–40 but also
with self-perceived rescuer confidence,13 are all too common. Better programs to
improve training success are desirable with the expectation that this would translate
into higher quality CPR performed during actual resuscitation attempts.
A multifaceted approach is needed to improve existing resuscitation training

methods. Alternative training strategies in addition to the standard certification courses
should be used to supplement existing resuscitation training. Techniques, such as
higher fidelity simulation,41–43 automated quantitative feedback during training,44 post-
event debriefing,45 and regular refresher training17,46,47 have shown promise. Individu-
ally or together, these techniques can be used to augment resuscitation performance
(Fig. 1) and will be discussed in more detail.
Simulation has shown to be an effective tool to teach resuscitation skills.41–43

Moreover, there is a growing body of literature supporting that higher fidelity training
methods and scenarios achieve superior training targets (ie, the more realistic the
manikin and scenario, the better the educational outcomes).41 Importantly, the supe-
riority of high fidelity training is not limited to simulated scenarios. For example, in the
realm of critical care and/or emergency medicine, recent simulation science has
demonstrated that training in central line insertion and daily maintenance not only
improves patient outcomes (eg, decreased complications with insertion48 and
catheter-related infections49) but, also, the cost50 associated with performance errors.
Furthermore, one recent study confirmed that simulation-based education could, in
fact, result in higher quality of care provided during an actual resuscitation events43

(ie, these studies have demonstrated that improving operational performance on



Fig. 1. Resuscitation quality after training. Curve A depicts quality decline after traditional
instruction. Note fall into gray shaded zone of poor quality several months after initial
training. Curve B represents the theoretical addition of high realism simulation and expert
debriefing. Although there is no change in rate of psychomotor skill quality decrement over
time, resuscitation quality is maintained longer owing to higher level of initial skill acquisi-
tion. Curve C represents addition of frequent refresher training in addition to simulation to
prevent decrement to poor quality.
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manikins can improve operational performance in real life). Why does simulation
work? First, it provides the benefit of enhancing team work and increasing familiarity
with resuscitation equipment, thereby avoiding more frequent errors. As previously
mentioned, cardiac arrest resuscitations are relatively uncommon events for a given
care provider. Simulation provides the opportunity to make these stressful clinical situ-
ations more “common,” in a protected educational environment. Although the litera-
ture regarding simulation and improving team work is still evolving, it is likely that
simulation is among the best-suited instruments to observe and improve on team
dynamics and other human factors during rare-occurring, stressful situations, such
as cardiac arrests.51

In a study by Verplancke and colleagues,52 noncritical-care nurses reported an
average of 59 months since their last actual delivery of CPR and 18 months since their
last CPR training. It is likely that this gap in CPR training and experience is present in
other hospitals and care settings, which ultimately leads to a decline in resuscitation
performance. As a result, brief, but more frequent training “refreshers” may offer
one solution to this problem. Three pediatric studies, all evaluating health care
providers in both ICUs and general inpatient floors, have established that brief, inter-
mittent “refresher” CPR training can improve both CPR skill acquisition as well as skill
retention in a simulated cardiac arrest scenario.17,46,47 The idea that a brief, relatively
infrequent training can improve CPR performance may seem illogical considering that
the high-intensity, standard, AHA programs demonstrate poor retention rates. The
success of these refresher training programs is grounded in educational precepts
and it takes into account the principles of adult learning. Adult learning theory states
that there are certain characteristics common to successful adult educational
programs: they must be focused, practical, and the need for obtaining the information
must be apparent.53–55 Because the education can be concentrated in refresher train-
ings (<2 minutes in these pediatric investigations), participants do not have to attend
formal classroom instruction, making the program both practical and relevant.
However, although refreshers may improve CPR skill acquisition and CPR perfor-
mance, the optimal frequency of these refreshers, length of refresher training modules,
and content of training still remains undetermined. Short and frequent refreshers may
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be more effective than more extensive refresher trainings on a less frequent basis.
However, requiring recertification at a shorter time interval could be time consuming
and impractical. It is likely that a multicenter trial will be needed to fully evaluate this
promising educational technique.
DURING: MONITORING CPR QUALITY WITH TITRATION TO PATIENT PHYSIOLOGY

The evaluation of the effectiveness of ongoing CPR efforts has proven difficult. Several
methods that are used commonly (eg, presence of femoral or carotid pulsations, pulse
oximetry) have not correlated with successful resuscitation and may even mislead
rescuers. The following is a discussion of real-time audiovisual feedback systems,
arterial blood pressure monitoring, and end-tidal carbon dioxide (CO2) capnography
as methods to guide resuscitation quality.

Real-time Audiovisual Feedback

Interest in improving CPR quality through real-time feedback devices has been
evolving since the early 1990s. Human,56,57 animal,58 and manikin studies59–62 have
shown improvement in quantitative measures of CPR quality and surrogates of
survival outcomes (eg, end-tidal CO2) when CPR feedback devices were used. Given
the improvements seen in previous investigations, these technologies offer promise as
we look for ways to strengthen our training methods, particularly in light of the fact that
one of the problems highlighted concerning existing educational programs has been
the poor ability of instructors to actually perceive CPR error in class participants.63

As a result, the AHA now suggests that training programs consider use of automated
real-time feedback devices to improve overall training efficacy by providing a quantita-
tive assessment of the CPR performed by trainees.64

During the past decade, innovative technologies have extended the ability to
monitor real-time CPR process from manikins used for training purposes to use in
actual cardiac arrest victims. Using force transducer and/or accelerometer technology
through pads placed between the rescuer’s hands and the patient’s chest, quantita-
tive CPR quality information can be recorded, analyzed, and fed back to the rescuer
in an effort to correct CPR deficiencies. Feedback can be given on chest compres-
sions rate, depth, ventilation rate, pauses, and incomplete chest wall recoil (leaning).
Feedback-enabled defibrillators, in before-and-after design trials (ie, studies with
retrospective controls) have shown to improve CPR quality delivered by EMS
providers and in-hospital care providers.36,65 In one study of adult OHCA, feedback
increased the mean compression depth from 34 mm to 38 mm and increased the
percentage of compressions within AHA Guidelines recommendations for depth
from 24% to 53%.36 In similar fashion, another clinical study demonstrated that feed-
back improved in-hospital CPR quality by reducing the variability of CPR, conforming
more to the AHA Guidelines recommendations.65 In the pediatric environment, two
studies from a single institution have further confirmed the positive effect of feedback
in improving CPR quality. In the study by Sutton and colleagues,16 compliance rates
for chest compression depth and rate approached 70%. Unfortunately, this study
was observational and lacked a before-period control group to fully evaluate the effect
of feedback technology. However, the compliance rates far exceed those published in
the adult-care and pediatric-care literature to date. Furthermore, in a small subset of
patients from this same cohort, the investigators demonstrated a marked reduction in
leaning because of feedback.66 In accordance with the 2010 International Liaison
Committee on Resuscitation recommendations, feedback technologies can improve
quantitative measure of CPR quality, in training and real cardiac arrest situations.
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However, although automated feedback devices can support improvements in CPR
quality, questions have been raised regarding whether these devices actually improve
patient outcomes.44 None of the studies mentioned so far showed a significant
improvement in any type of survival, but they were also not powered to do so. So,
although it is clear that feedback technologies can coach providers to achieve quan-
titative feedback targets, whether achieving these targets through automated feed-
back technologies improves outcomes remains in question. A recent British Medical
Journal publication by Hostler and colleagues,67 using a cluster randomized design
from three sites within the Resuscitation Outcomes Consortium in the United States
and Canada, although demonstrating improvement in CPR quality, did not show
a difference in survival outcomes. Does this mean that CPR quality is not related to
clinical outcome? Unfortunately, the feedback targets used in this study were based
on 2005 guidelines and, as a result, even with feedback, the average chest compres-
sion depth reached only 40 mm. Currently the AHA Guidelines recommend a depth of
at least 50 mm to improve outcomes from adult cardiac arrest. In short, it seems that
feedback technologies are effective at getting providers to achieve the programmed
quality targets. It is the responsibility of resuscitation scientists to determine the
best targets for CPR quality that will translate into improved clinical outcomes.
A particularly helpful technology used in feedback enabled defibrillators is the ability

to display a signal that filters CPR artifact from the ECG tracing so that rhythm analysis
can occur during chest compressions. The obvious benefit is that a rescuer would no
longer have to pause chest compressions every 2 minutes to analyze cardiac rhythms.
As a result, with fewer interruptions, there would be improved coronary and cerebral
perfusion and likelihood of return of spontaneous circulation (ROSC). To date, there is
no published literature regarding the clinical use of this feature incorporated into defi-
brillators. There is a modicum of literature regarding the accuracy of similar tech-
nology.68 If this approach is shown to be reliable and not lead to incorrect rhythm
interpretations, it has the potential to enhance CPR performance by decreasing inter-
ruptions in chest compressions.

Arterial Blood Pressure and End-tidal CO2

Although CPR quality monitoring defibrillators have been highlighted in recent litera-
ture, older technology, such as monitoring of arterial blood pressure and end-tidal
CO2, during resuscitation can provide the rescuer with CPR quality information.
Why monitor arterial blood pressure? Diastolic blood pressure is a major determinant
of myocardial perfusion pressure (MPP), the driving force for myocardial blood flow
during CPR.69–72 Aortic diastolic pressure (AoDP) is related to MPP by the following
equation: MPP5 AoDP – right atrial diastolic pressure (RADP). Because the right atrial
diastolic pressure does not change substantially during CPR,73,74 arterial diastolic
blood pressure is the most important variable affecting MPP and myocardial blood
flow. Because adequate myocardial blood flow is necessary for successful resuscita-
tion from cardiac arrests,75–77 it follows that increasing arterial diastolic pressure will
improve resuscitation outcomes. Evidence supporting diastolic blood pressure
augmentation to improve the chance of resuscitation comes from numerous studies
demonstrating that provision of vasoactive agents, such as epinephrine or vaso-
pressin, or the application of abdominal binders, by raising AoDP, improve MPP
and resuscitation success.78–83 These laboratory investigations show that arterial dia-
stolic pressures of at least 30 mmHg during CPR are typically necessary for adequate
myocardial blood flow and successful resuscitation. Animals with arterial diastolic
pressures less than 25 mmHg rarely survived. There is also supporting evidence
from clinical adult arrest studies that diastolic pressures greater than 30 mmHg are
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associated with return of spontaneous circulation.84 Therefore, an approach of “goal-
directed” CPR, where a provider monitors arterial blood pressure and titrates chest
compression force and vasoactive agents to achieve hemodynamic goals, seems
reasonable.
Given the unexpected nature of many cardiac arrests and the sometimes chaotic

nature of resuscitation, particularly during OHCA, placement of invasive arterial moni-
toring is not always feasible. In these situations, continuous end-tidal monitoring CO2

(ie, capnography) can be used as an alternative to monitor CPR quality. In numerous
experimental models, noninvasive end-tidal CO2 correlates well with cardiac output,
MPP, and resuscitation success.85–89 Furthermore, the utility of end-tidal CO2 moni-
toring during clinical investigations is not a new discovery and has been described
since the 1970s when Kalenda90 described three patients who were monitored for
expired CO2 during cardiac arrest. He described using CO2 levels to monitor for
rescuer fatigue and saw improvement in end-tidal CO2 levels when a new rescuer
started (presumably because the new provider was performing better CPR). He was
also the first to show that ROSC could be recognized by a sudden rise in expired
CO2. By recognizing ROSC without having to interrupt chest compressions to check
for a pulse or arterial blood pressure, one can anticipate that interruptions in chest
compressions can be minimized (Fig. 2). Finally, building on this work, other studies
have documented differences in end-tidal CO2 levels between survivors and nonsur-
vivors after adult cardiac arrest, suggesting that end-tidal CO2 can also be used as
a prognostic tool during cardiac arrest.86 As a result, continuous end-tidal CO2 moni-
toring is now recommended during cardiac arrest resuscitation when available.
In conclusion, several technologies, some old and some rather new, are available to

providers in both OHCA and IHCA settings. Although there can be arguments made
about the superiority of a given technology, the first step in developing plans to
improve resuscitation quality is to monitor the care provided during the arrest so
that targeted treatment plans can be developed.

Matching Cardiac Arrest Physiology to Resuscitation

Beginning in 2005, the AHA and European Resuscitation Council guidelines for
CPR were adjusted to better match the physiologic needs of the cardiac arrest
Fig. 2. Using end-tidal (ET) CO2 to detect ROSC. From onset of arrest (#), note slow increase
in end-tidal CO2 as compressions are delivered. With ROSC (arrow), organized ECG rhythm
begins to appear under chest compression artifact (asterisk) and end-tidal CO2 rises suddenly
to greater than 50 mmHg. Providers could have used the rapid rise in end-tidal CO2 as a clin-
ical guide that there was a return of spontaneous circulation, without having to pause chest
compressions and risk interruption of CPR for a rhythm check.
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victim, focusing on the delivery of high quality chest compressions with provision
of “adequate” ventilation. What defines adequate ventilation? Once cardiac arrest
has ensued and the heart has stopped beating, there is little to no blood flow
throughout the body. At that point, during the low-flow state of CPR, cardiac
output and blood flow are approximately 25% to 50% of that during normal sinus
rhythm. As a result, less ventilation is needed for adequate gas exchange. In addi-
tion, there is the concern that excessive ventilation from rescuers may have detri-
mental effects on hemodynamics during resuscitation and survival outcomes.18,19

These detrimental hemodynamic effects are compounded when one considers
the effect of interruptions in CPR to provide airway management and rescue
breathing. As a result, the chest compression to ventilation ratio was increased
from 15:2 to 30:2 in 2005 to ensure chest compressions were being delivered
for a greater proportion of the time during CPR. In 2009, a large prospective obser-
vational study corroborated the association between increased chest compression
fraction (the proportion of resuscitation time without spontaneous circulation
during which chest compressions are administered) and improved outcome,
with two highest groups of chest compression fraction more than twice as likely
to survive.91

The next obvious question raised by the developing body of literature supporting
increased chest compression fraction was whether ventilation was needed at all (ie,
compression-only resuscitation). Between 2005 and 2010, several studies were
focused on investigating an alternative resuscitation strategy, known as cardiocere-
bral resuscitation (CCR).92–95 CCR entails providing more uninterrupted chest com-
pressions to ensure optimal cerebral and cardiac perfusion. In Arizona, Bobrow and
colleagues94 described a variant of CCR termed minimally interrupted cardiac resus-
citation, which minimizes interruptions in chest compressions by delaying endotra-
cheal intubation and positive pressure ventilations, instead initially providing passive
oxygen insufflation via an oral pharyngeal airway and non-rebreather face mask.
The study demonstrated a significant improvement in survival to discharge for
OHCA. Since then, several other EMS systems have demonstrated comparable
improvements in survival by implementing similar protocols that emphasized uninter-
rupted chest compressions and delayed intubation.93,95

During the same period that CCR was being investigated for OHCA by EMS
providers, resuscitation scientists began to establish whether compression-only
CPR was preferable to standard CPR for bystanders. Because bystander CPR is
one of the most important determinants of resuscitation outcome,96 the hope was
by removing the need for ventilation delivery, more bystander CPR would be provided
and outcomes fromOHCAwould be improved. After several studies demonstrated the
efficacy of bystander-initiated compression-only CPR, this technique was endorsed in
the 2010 AHA and European Resuscitation Council guidelines for CPR as a reasonable
alternative to conventional CPR for adult OHCA.97,98 Most recently, using survival to
hospital discharge as the primary outcome, a meta-analysis was recently published
in Lancet and concluded that compression-only CPR is preferably to conventional
CPR with rescue breathing for adult OHCA.99 However, in pediatrics, given that
most arrests are actually asphyxial in nature, controlled ventilation is still recommen-
ded. A recent large pediatric series from Japan supported this approach and found
that favorable neurologic outcome 1 month after arrest was improved in patients
who received conventional CPR compared with compression-only CPR for an arrest
that was noncardiac in nature.25 In short, this is one of the take-home points of this
article: resuscitation technique and quality should be monitored and titrated to the
physiology of the patient to optimize outcome.
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Mechanical CPR Devices

As high-quality chest compressions with minimal interruptions seem to be a determi-
nant of IHCA and OHCA survival, it follows that mechanical compression devices may
be useful during resuscitation attempts. Piston-type devices and circumferential
constriction band devices have been evaluated during cardiac arrest resuscitation
and they have shown promise in improving hemodynamic and short-term clinical
outcomes.100–102 Although these devices can easily deliver high-quality chest com-
pressions, rescuers must be cautious to limit interruptions in the deployment of said
devices.103 See discussion of these devices elsewhere in this issue.

AFTER: PERFORMANCE DEBRIEFING

Health care debriefing is defined as a facilitator-led participant discussion of events
with reflection and assimilation of learning into practice. Structured debriefing can
trace its origins back to the military in World War II. General George Marshall ordered
soldiers under his command to give an account of their experience on return home
from a mission. Although the initial intent was to gather tactical information or strate-
gize for future battles, he noticed that debriefings were also spiritually healing and
morale building for his soldiers. The technique was further refined in the military and
aviation industries, and although initially used as a means to minimize the stress
response and improve psychological outcomes from traumatic and infrequent situa-
tions,104–108 currently debriefing is conceptualized as a method to improve care during
rare and stressful events.
The value of debriefing starts with resuscitation training. Structured debriefing has

been established as a useful tool to improve compliance of in-hospital adult care
providers during simulated cardiac arrest. Although debriefing or automated feedback
alone improved CPR quality modestly in a study from the University of Pennsylvania,
the combination led to a more considerable improvement in quality.109 Similarly,
debriefing with pediatric in-hospital care providers has also shown the positive effects
of debriefing during resuscitation training. In a study from the Children’s Hospital of
Philadelphia, the combination of instructor-led training and debriefing with automated
defibrillator feedback improved CPR quality compared with either the training or
debriefing method alone.46 Therefore, in addition to quantitative monitoring of trainee
performance, it seems prudent to ensure that performance is fed back to trainees in an
attempt to achieve the best educational outcomes.
The first study published demonstrating efficacy of debriefing to improve outcomes

from cardiac arrest came from the University of Chicago where the combination of
resuscitation debriefing interventions and audiovisual feedback via defibrillators
produced a marked improvement in resuscitation performance and a 33% increase
in ROSC.45 This particular debriefing program consisted of weekly sessions that
reviewed transcripts of quantitative data downloaded from defibrillators, including
CPR-quality ECG data (Fig. 3). Although this study was a designed before-after study
using historical controls, the benefit of structured debriefing was apparent with
improved CPR quality target compliance and ROSC.
Although these investigations reported positive findings with the addition of debrief-

ing, a European study in the pre-hospital setting failed to show any benefit after
incorporating performance evaluation.110 However, this study should not deter resus-
citation scientists from recommending performance debriefing. Instead, this study
highlighted an important aspect of successful debriefing: the process must be
completed with front-line care providers. In the European study, CPR performance
data were presented to EMS leadership or local CPR instructors, not to front-line



Fig. 3. Representative CPR quantitative recording. Provides ability to review ECG, ventila-
tion, and chest compression data after events to improve future resuscitation quality.
Note prompts given to rescuers to “compress deeper” when the chest compressions are
too shallow. The arrow heads indicate ventilations, in this recording provided at a rate of
approximately 60 per minute (too fast!). These recordings can be used to provide a struc-
tured quantitative postevent review for rescuers who participated in the resuscitation.
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care providers. This prohibited the “self-reflection” and “assimilation” that is of para-
mount importance to debriefing success. Therefore, this study highlights the impor-
tance of having a highly structured debriefing process performed with front-line
providers.
EVIDENCE THAT PUTTING IT ALL TOGETHER IMPROVES OUTCOMES

Although this article is focused on techniques to improve resuscitation performance
(eg, innovative training methods, monitors to enable providers to titrate the resuscita-
tion to arrest physiology, real-time feedback-enabled CPR monitoring defibrillators,
and a systematic post-cardiac arrest debriefing process), it is likely that a bundled
approach incorporating two to several of these techniques will be necessary to
improve long-term patient outcomes. As a promising recent example, the “Take Heart
America” program was a comprehensive, community-wide, systems-based approach
to the treatment of cardiac arrest.111 This program consisted of widespread cardiopul-
monary resuscitation skills training in schools and businesses, retraining of all EMS
personnel in methods to deliver high quality CPR, deploying additional automated
external defibrillators in schools and public places (ie, enabling prompt defibrillation
when needed), and establishing treatment protocols regarding transport to and treat-
ment by cardiac arrest centers. As a result of this intensive program, bystander CPR
rates increased from 20% to 29% (P 5 .086, odds ratio 1.7, 95% confidence interval
0.96–2.89), hypothermia therapy for admitted out-of-hospital cardiac arrest victims
increased from 0% to 45%, and, most importantly, survival to hospital discharge for
all patients after out-of-hospital cardiac arrest in these two sites improved from
8.5% to 19% (P 5 .011, odds ratio 2.60, confidence interval 1.19–6.26). Although
this study used historical controls, the magnitude of improvement in survival
outcomes provides strong evidence that initiation of a resuscitation care bundle or
system will be effective to improve outcomes from cardiac arrest.
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SUMMARY

In spite of the remarkable progress made in resuscitation science since
Kouwenhoven’s112 original description of closed chest cardiac massage, survival
from cardiac arrest continues to be very low. The reader should be convinced that
this could be attributed, in part, to the poor performance of resuscitation care. Further-
more, it should be clear that resuscitation of the cardiac arrest victim is a highly
complex task requiring coordination between multiple levels and disciplines of care
providers. In short, resuscitation is not easy and, despite improvements in care over
the past 50 years, there is substantial work to be done. The authors argue that using
a continuous quality improvement bundle (ie, improving training before, monitoring
and titrating quality during, and debriefing after events) seems to hold promise as
the resuscitation community strives to improve the care that we deliver to cardiac
arrest victims. In future investigations, with this approach, we expect resuscitation
scientists to begin to establish that improvements in performance will subsequently
translate into better survival rates for victims of sudden cardiac arrest.
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