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Abstract
Out-of-hospital cardiac arrest (OHCA) is a major public health problem. In the United States, OHCA accounts for more premature
deaths than any other cause. For over a half-century, the national ‘‘Guidelines’’ for resuscitation have recommended the same initial
treatment of primary and secondary cardiac arrests. Using this approach, the overall survival of patients with OHCA, while quite
variable, was generally very poor. One reason is that the etiologies of cardiac arrests are not all the same. The vast majority of non-
traumatic OHCA in adults are due to a ‘‘primary’’ cardiac arrest, rather than secondary to respiratory arrest. Decades of research
and ongoing reviews of the literature led the University of Arizona Sarver Heart Center Resuscitation Research Group to conclude
in 2003 that the national guidelines for patients with primary cardiac arrest were not optimal. Therefore, we instituted a new, non-
guidelines approach to the therapy of primary cardiac arrest that dramatically improved survival. We called this approach cardio-
cerebral resuscitation (CCR), as it is the heart and the brain that are the most vulnerable and therefore need to be the focus of
resuscitation efforts for these patients. In contrast, cardiopulmonary resuscitation should be reserved for respiratory arrests. Car-
diocerebral resuscitation evolved into 3 components: the community, with emphasis for lay individuals to ‘‘Check, Call, Compress’’
and use an automated external defibrillator if available; the Emergency Medical Services, that emphasizes delayed intubation in favor
of passive ventilation, urgent and near continuous chest compressions before and immediately after a single indicated shock, and the
early administration of epinephrine; and the third component, added in 2007, the designations of hospitals in Arizona that request
this designation and agree to receive patients with return of spontaneous circulation following OHCA and to institute state-of-the-
art postresuscitation care that includes urgent therapeutic mild hypothermia and cardiac catheterization as a Cardiac Receiving Cen-
ter. Each component of CCR is critical for optimal survival of patients with primary OHCA. In each city, county, and state where
CCR was instituted, the result was a marked increase in survival of the subgroup of patients with OHCA most likely to survive, for
example, those with a shockable rhythm. The purpose of this invited article on CCR is to review this alternative approach to resus-
citation of patients with primary cardiac arrest and to encourage its adoption worldwide so that more lives can be saved.
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Introduction

Cardiovascular disease is the leading cause of death in almost all
industrialized nations of the world.1-3 Unfortunately, the first sign
of cardiovascular disease is often the last, as nearly half of all car-
diovascular mortality is from sudden cardiac death—the majority
occurring out of the hospital.4,5 The average age of individuals
with out-of-hospital cardiac arrest (OHCA) in the United States
is the mid 60s. After the age of 40, an American male has an 1
in 8 chance of having sudden cardiac death.6 In individuals
younger than 40 years of age, the majority of OHCAs are genetic
in origin, and these individuals and their relatives should be
referred for cardiovascular evaluation and genetic counseling in
specialized centers. But in individuals older than the age of 40, the
most common cause of OHCA is coronary artery disease.7,8 To
prevent most cardiac arrest in adults, one needs to aggressively
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treat the risk factors for coronary artery disease. To improve sur-
vival of those who have primary cardiac arrest, cardiocerebral
resuscitation is recommended.

Survival From Primary Cardiac Arrest Was Unchanged
for Decades

In spite of the first ‘‘Standards,’’ then ‘‘Standards and Guide-
lines’’ then ‘‘Guidelines’’ and then numerous updates of the
national ‘‘Guidelines’’ for cardiopulmonary resuscitation (CPR)
and emergency cardiac care (ECC), the published survival rate
of patients with OHCA averaged only 7.6% and was unchanged
over 3 decades.9 However, reports that emphasize overall sur-
vival, as recommended in ‘‘Utstein 2,’’ are not helpful since the
majority of individuals with OHCA present with asystole or pul-
seless electrical activity (PEA), rhythms that rarely respond to
even the most advanced therapy.10 In contrast ‘‘Utstein 1’’ rec-
ommended reporting survival of those patients with a shockable
rhythm, for example, ventricular fibrillation (VF) or pulseless
ventricular tachycardia (VT).11 The survival rate of these indi-
viduals provides a better indicator of the effectiveness of one’s
Emergency Medical Services (EMS) system—a figure that all
interested in OHCA should know. Unfortunately currently,
many journals accept Utstein 2 recommendations and only
emphasize overall survival. The survival of patients, with the
greatest chance of survival, for example, those with primary car-
diac arrest, is often not even mentioned in the abstract.12

But even when one focused on OHCA with a shockable
rhythm, the published survival rate in the United States averaged
17.7% and was unchanged for decades.13 Unfortunately, even
these averages are deceiving as there are disparate survival rates
of patients with OHCA due to VF treated according to national
American Heart Association (AHA) guidelines in different com-
munities. For example, the Resuscitation Outcomes Consortium
analyzed the survival of patients with OHCA who were treated
according to the 2005 guidelines and reported that survival var-
ied 5-fold.14 In this study, the median survival of VF arrest was
22% but varied from 7.7% to 39.9%.14

Everyone would like to have the excellent survival rates that
have been reported from locations such as Seattle or Northern
Netherlands, where the incidence of dispatch assisted bystander
CPR is high and EMS response times are short.15,16 As one is
making national and international guidelines for CPR and ECC,
who do you want in charge of setting the guidelines? The logical
choice is individuals from areas that have the best survival rates.
But as noted previously, following the 2005 national guidelines,
the survival rates were quite variable.14 This important publica-
tion emphasizes that ‘‘one size does not fit all.’’

Different Approaches Are Needed for Primary and
Secondary Cardiac Arrests

Primary cardiac arrest is most often due to a life-threatening
ventricular arrhythmia, where breathing was normal or near
normal right up to the time of the arrest. Consequently, the
arterial blood oxygen saturation at the time of a primary cardiac

arrest is near normal. In marked contrast, in patients with sec-
ondary cardiac arrest, due to drowning or other causes of
respiratory insufficiency such as drug overdose, the arterial
blood becomes significantly desaturated and the heart does not
stop until several minutes later.17

Cardiocerebral Resuscitation (Overview)

Cardiocerebral resuscitation (CCR) is indicated for primary
cardiac arrest; the most common cause of OHCA. Cardiocereb-
ral resuscitation originally had only 2 components.18,19 With
the designation of some hospitals in Arizona as cardiac receiv-
ing centers, CCR evolved into 3 components (Figure 1A).20

The first is the community component that emphasizes
bystander recognition of primary cardiac arrest, calling to acti-
vate the EMS, and beginning chest compression-only ‘‘CPR’’
(CO-CPR). The Sarver Heart Center’s tagline for the community
component of CCR is the 3 Cs: ‘‘Check, Call, Compress’’!21 The
second is EMS approach to patients with primary cardiac arrest
that also dramatically changed (Figure 1B). The third is the
hospital component. In Arizona, hospitals that provide opti-
mal care of patients with return of spontaneous circulation
(ROSC) following OHCA are designated as ‘‘Cardiac Receiv-
ing Hospitals.’’20

Community Component of CCR

Critical to survival is the prompt recognition of OHCA. How
should we teach bystanders to recognize primary cardiac
arrest? A primary cardiac arrest is, ‘‘an unexpected witnessed
(seen or heard) collapse in an individual who is not respon-
sive.’’ Of note is the fact that this description does not mention
arterial pulsations or the presence or absence of respirations.
Except in newborns, gasping or agonal breathing is a common
sign of cardiac arrest, occurring in slightly more than 50% of
patients with primary cardiac arrest.22-25 Unfortunately, many
bystanders, including physicians, mistake gasping for breath-
ing and delay the initiation of bystander CPR until gasping
stops, minutes after VF arrest.25 Mammals are the only species
that gasp when we are born and gasp when we die. Gasping
must be emphasized as a sign of cardiac arrest.21 Gasping is
a primitive form of respiration that is probably initiated in the
brain stem. If adequate chest compressions are promptly initi-
ated, the patient will continue to gasp.23

Chest Compression-Only CPR Recommended

Cardiocerebral Resuscitation advocates CO-CPR for primary
cardiac arrest. The reason for this change was that the require-
ment of mouth-to-mouth (MTM) ventilation as the initial step
of bystander resuscitation prevented many, including profes-
sionals, from initiating bystander CPR.26-29 In our animal
experimental studies of the 1990s, survival was better with
CO-CPR compared to no CPR for 8 to 12 minutes to simulate
the lack of bystander CPR.18 We also found that survival was
similar to either CO-CPR or the ‘‘2000 Guidelines for CPR,’’

Ewy and Bobrow 25







































































































































































































































































which not only recommended ‘‘rescue breathing’’ as the first
step of bystander CPR but also recommended interrupting
every 15 chest compressions for 2 quick breaths of 2 seconds
each for rescue breathing.18 Then a little known but landmark
study by Assar, Chamberlain, and associates, including Karl B.
Kern, MD, from the University of Arizona Sarver Heart Center
Resuscitation Research Group, documented that lay individu-
als, recently certified in basic life support, interrupted chest
compression an average of 16 seconds to deliver the decades
old recommendation of ‘‘rescue breaths’’ between each set of
chest compressions.30 With this knowledge, we compared sur-
vival in our realistic (nonparalyzed) swine model of OHCA

between chest CO-CPR and realistic CPR and found that sur-
vival was dramatically better with CO-CPR.31,32 In 2008, the
AHA published a ‘‘Call to Action’’ advisory, in which they
advised lay bystanders to provide ‘‘Compression Only CPR,’’
using their new term ‘‘Hands-Only CPR.’’33

In the event that an automated external defibrillator (AED)
is available, the bystander is to open the unit and follow its
automated instructions. Unfortunately, AEDs are not often
readily available, and if available, most are not programmed
to give instructions in CO-CPR. There is no doubt that AEDs
save lives. Of note is a recent report by Iwami and associates
from Japan that survival was even better when CO-CPR was
an adjunct to CO-CPR.34

Survival Improved by Teaching and Advocating CO-CPR
for Primary Cardiac Arrest

After Dr Bentley J. Bobrow, Medical Director of the Bureau of
Emergency Medical Services and Trauma System at the Ari-
zona Department of Health Services, established an Arizona
statewide database in 2004 that tracked the survival of patients
with OHCA, we initiated an educational campaign in Arizona
to advocate CO-CPR for patients with primary OHCA.12 As
shown in Figure 2, survival of patients with witnessed OHCA
who received CO-CPR was significantly better than those who
received the standard AHA/European Resuscitation Guidelines
(ERC) recommended therapy.12 Of interest is that only a
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Figure 2. Survival to hospital discharge of patients out-of-hospital
cardiac arrest (OHCA) in Arizona from January 1, 2005, to December
31, 2009, a time when chest compression-only CPR was advocated
and taught to the public. The survival of patients who received
‘‘Guidelines’’ or standard CPR (Std-CPR), for example, mouth-to-
mouth ventilations plus chest compressions, was 7.8%, close to the
30-year average survival of such patients reported survival rate of
7.6%. In contrast, patients who received chest compression-only CPR
(CO-CPR) had an overall survival rate of 13.3%. Patients with a wit-
nessed arrest and a shockable rhythm upon arrival of the Emergency
Medical System, who were treated by bystanders with Std-CPR (eg,
mouth-to-mouth ventilations plus chest compressions) was 17.7%, the
exact percentage of the average reported survival of patients with
OHCA due to ventricular fibrillation reviewed by Rae and associates.
In contrast, patients with a witnessed, shockable OHCA was 33.7%
with CO-CPR. The odds ratio strongly favored cardiocerebral
resuscitation. CPR indicates cardiopulmonary resuscitation.
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Figure 1. A, The 3 major components of cardiocerebral resuscita-
tion: the community component initiates resuscitation efforts and has
3 major steps for all bystanders. They are to ‘‘Check’’ to ascertain that
the patient is in cardiac arrest, ‘‘Call’’ to the dispatch center, and
‘‘Compress’’ to initiate chest compression-only cardiopulmonary
resuscitation (CPR). If an automated external defibrillator (AED) is
readily available, it should be used. The prehospital component is a
revised emergency medical services (EMS) component, usually where
definitive therapy occurs. The hospital component in Arizona is a
designation that is given to a hospital that commits to 24/7 provision of
optimal care of the patient with ROSC. In Arizona, these hospitals are
designated as a Cardiac Receiving Center. B, This is a graphic pre-
sentation of the Emergency Medical Services component of cardio-
cerebral resuscitation. It emphasizes delayed intubation in favor of
passive ventilation, a series of continuous chest compressions before
and immediately after a single indicated shock, and the early admin-
istration of epinephrine.

26 Journal of Intensive Care Medicine 31(1)











































































minority of individuals with noncardiac arrest received
CO-CPR.35 In Arizona, the public was generally capable of
recognizing respiratory arrest, where chest compressions and
assisted ventilations were recommended.

Compression-Only Bystander CPR Improved Survival in
Japan

Iwami and associates analyzed the outcome of 1376 individuals
in a prospective, nationwide population-based cohort study of
OHCA individuals in Japan, in which the bystander performed
CPR and used an AED.34 Therefore, these patients all had pri-
mary OHCA and a shockable rhythm; a subset of patients with
OHCA who were most likely to survive. The patients who
received CO-CPR had a 1-month neurological favorable sur-
vival rate of 40.7%, compared with 32.9% for those who
received MTM ventilation plus chest compressions.34 These
results were even more significant for in Japan, as these authors
reported that 1.6 million citizens participated in bystander CPR
training each year, training sessions that taught MTM36 venti-
lation plus chest compressions and AED use.34 Because of the
large database of the ‘‘All Japan Utstein Registry,’’ there have
been a number of publications from Japan reporting survival of
patients with OHCA. In Japan, bystanders received dispatcher-
CPR instructions with CO-CPR or 15:2 compressions to venti-
lations before January 1, 2006, and instructions in CO-CPR or
30:2 CPR between January 1, 2006, and March 31, 2007. After
March 31, 2007, all bystanders received dispatch-assisted CPR
with either CO-CPR or 30:2 CPR (K. Nagao, MD, Personal
communication, March 2013). The proportions of dispatcher-
CPR instructions for bystander-witnessed OHCA due to car-
diac etiology (n ¼ 115 158) increased from 9.4% in 2005 to
24.0% in 2010, while instruction in conventional CPR
decreased from 10.2% to 6.5% during this same time period
(K. Nagao, MD, personal communication, March 2013).

The 2005 and 2010 International CPR guidelines recom-
mended that citizens previously trained in CPR provide 30:2
CPR but that dispatchers should provide telephone instruction
in CO-CPR for citizens not trained in CPR.36,37 The Japanese
Circulation Society Resuscitation Science Study Group subse-
quently evaluated 78 150 patients receiving bystander CPR.38

The prevalence of dispatcher-assisted CPR instruction
increased year by year, contributing to an overall increase in
chest compression-only bystander CPR from 20.6% to
35.0%. They reported that patients receiving CO-CPR had a
more favorable neurological outcome than those receiving
standard CPR in the whole cohort (adjusted odds ratio [OR],
1.09; 95% confidence interval [CI]: 1.00-1.18) and in the
subgroup with cardiac etiology (adjusted OR, 1.12; 95% CI:
1.02-1.22). The addition of rescue breathing provided no neu-
rological benefit in the noncardiac etiology subgroup.38

Advanced Cardiac Life Support Protocol for CCR

The EMS is a critical component of CCR (Figure 1A and B).
The community and the EMS components of CCR deserve

emphasis, for in the majority of patients with OHCA, the battle
for life or death is won or lost in the field, long before the
patient is ever seen by a physician.

The EMS component of CCR emphasizes minimally inter-
rupted chest compressions.18,39,40 It became obvious that dur-
ing cardiac arrest, chest compressions are the patient’s
heartbeat and that anything that interrupts or delays continuous
chest compressions is deleterious.41,42

Chest Compressions Before Defibrillation for Prolonged
VF Arrest

Obviously, if the paramedics or EMS personnel witness the
arrest or if there is optimal continuous chest compressions in
progress when the EMS arrive, the protocol is immediate defi-
brillation. In patients with primary cardiac arrest, the EMS pro-
tocol of CCR emphasized prompt initiation of 2 minutes of
continuous optimal (rate, depth, and release) chest compres-
sions at a metronome-guided rate of 100 per minute before and
immediately after a single indicated direct current (DC) shock
(Figure 1B).

The recommendation of chest compression prior to defibril-
lation during untreated VF arrest came from a meeting under
the aegis of the Resuscitation Council of the United Kingdom
in 2002, involving a small group of experts from Europe and
Dr Karl B. Kern and Gordon A. Ewy from the United States.
On that trip, we visited the laboratory of Dr Stig Steen who
demonstrated, in open-chest swine, that during the first few
minutes following the onset of untreated VF, the fibrillating
right ventricle enlarged and the fibrillating left ventricle gra-
dually became smaller as the blood in the arterial system
shifts into the lower pressure venous system.43 This phenom-
enon is the volume expression of the classic pressure experi-
ments of Guyton who reported decades before that following
the onset of VF arrest, the arterial pressure falls and the
venous pressure rises until the pressures became nearly equal;
the pressure he designated as the mean circulatory filling
pressure.44 While impressed with Dr Steen research, we won-
dered if the same heart volume changes occurred in the
closed-chest swine. Years later, another member of the Uni-
versity of Arizona Sarver Heart Center Resuscitation Group,
Vincent Sorrell, MD, led our experiment that showed by mag-
netic resonance imaging that the same phenomenon occurred
in the closed-chest swine model following the introduction of
VF arrest.45 In fact the right ventricle enlarged significantly
within 1 minute of VF arrest.46

We were also influenced by another important finding in our
research laboratory. As is well known, in untreated VF arrest,
there was a gradual decrease in the amplitude of the VF waves
on the electrocardiogram. We found that the amplitude of VF
on the electrocardiogram could be increased by chest compres-
sions that were instituted relatively early and that this interven-
tion increased survival.47 We assumed that perfusing the heart
restored energy stores, for if the fibrillating heart is perfused, it
can defibrillate for days!
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Since EMS personnel historically arrived at the side of a
patient with OHCA who had not received any or optimal
bystander CPR, we recommended that they first initiate chest
compressions. Our choice of 200 chest compressions before
defibrillation was not only influenced by Dr Steen work but
also by the published information on humans. The 2 minutes
of chest compression was a compromise between the 90 sec-
onds of chest compression prior to defibrillation that Dr Leo-
nard Cobb of Seattle recommended for their paramedics and
the 3 minutes that Dr Lars Wik recommended for their parame-
dics prior to defibrillation.48,49

It turns out that 2 minutes of CPR prior to defibrillation was
shown to be the optimal duration in one of the Resuscitation
Outcomes Consortium (ROC) studies.50 A plot of the probabil-
ity survival of 1638 patients with OHCA against the duration of
chest compressions provided by EMS prior to defibrillation of
VF/VT resulted in a bell-shaped curve showing survival
peaked at 2 minutes.50 A subsequent randomized controlled
trial by the ROC study group showed no difference in survival,
when they did not plot the bell-shaped curve, but just compared
survival of those who received 30 to 60 seconds of chest com-
pression or 180 or more seconds of chest compression before
defibrillation.51

Minimizing the Delay Between Chest Compressions and
Shock Is Important

Dr Max Weil laboratory and others reported that the inter-
ruption of chest compressions for more than 15 seconds
before each shock compromised the outcomes of CPR and
increased the severity of postresuscitation myocardial dys-
function.52 This and other studies lead to the common prac-
tice of charging the defibrillator during the last few seconds
of the preshock chest compressions and assuring that those
involved in the resuscitation procedure are ‘‘all off,’’ as the
defibrillator shock is delivered, followed immediately by the
command of ‘‘back on’’ to direct the prompt onset of post-
shock chest compressions.

Why 2 Minutes of Chest Compressions Immediately
After a Defibrillator Shock?

The recommendation for resuming chest compressions imme-
diately after a defibrillation shock without an analysis of the
electrocardiogram or searching for a pulse is another important
aspect of CCR.18,19 It was a common scenario for medical pro-
fessionals, upon seeing a ‘‘QRST’’ complex on the electrocar-
diogram monitor after the DC shock, not to restart chest
compressions but to search for a pulse, not realizing that PEA
is common follow defibrillation of prolonged VF.53 But with-
out chest compressions immediately following the shock, the
electrocardiogram will deteriorate, often to heart block or asys-
tole. Chest compressions should be initiated immediately post-
DC shock to perfuse the heart and increase the likelihood that it
will be able to generate adequate arterial pressures.18

Passive Ventilation Advocated During Early Minutes of
Resuscitation in Patients With Primary Cardiac Arrest

The CCR protocol prohibited early endotracheal intubation
(ETI) for 2 reasons. The first is that all too often ETI results
in excessive delays or interruptions of chest compressions and
the second is to prevent the hemodynamic deleterious effects of
positive pressure ventilation during resuscitation efforts and to
prevent ‘‘death by hyperventilation.’’

Although well known for decades by those of us who
responded to cardiac arrests in hospitals, Wang and associates
were the first to report on the actual delays and or interrup-
tions in chest compressions occasioned by attempts of ETI
by EMS personnel.54 Wang and associates reported on the
durations of interrupted of chest compressions for ETI in
100 patients with OHCA.54 The median duration of interrup-
tions of chest compressions was 47 seconds, one-third
exceeded 1 minute and one-fourth exceeded 3 minutes.54

These durations of no cerebral blood flow in a cardiac arrest
practically preclude neurologically intact survival. Granted
there are systems, like in Seattle, where highly trained para-
medics can most often accomplish ETI without interruptions
of chest compressions, but this skill appears to be an excep-
tion rather than the rule.55

Another major concern for patients in cardiac arrest treated
by EMS using either ETI or bag-valve-mask (BVM) ventilation
was ‘‘death by hyperventilation.’’56,57 Aufderheide and associ-
ates pointed out the risks of hyperventilation—a previously
common problem occasioned by the excitement of the resusci-
tation effort.

Positive Pressure Ventilation Not Optimal During Cardiac
Arrest

During normal ventilation, air enters the lungs in response to
the negative pressure generated by the inspiratory phase of
respiration. This negative pressure also augments venous return
to the chest. In contrast, positive pressure ventilation during
cardiac arrest, especially when excessive and fast, increases
intrathoracic pressures, decreases venous return, and thus for-
ward blood flow. In addition, increased intrathoracic pressures
are reported to increase intracerebral pressure.58-60 These dele-
terious effects of hyperventilation can be prevented by passive
oxygenation.18

When CCR was first introduced statewide in Arizona, Dr
Bobrow was concerned that if the emergency medical techni-
cian/paramedics were told that they should not intubate, also
use only passive ventilation, that they might not embrace CCR
at all. Accordingly, although passive ventilation was recom-
mended, he allowed assisted ventilation by BVM. When the
results of CCR in Arizona were subsequently analyzed,
survival-to-hospital discharge was 26% in patients ventilated
with BVM and 38% in those provided passive ventilation.59

This obviously was not a randomized control trial but provided
more support for the use of passive ventilation for patients with
primary cardiac arrest.
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Are Advanced Airways Associated With Impaired
Outcomes?

Investigators from Japan recently reported that advanced air-
ways were associated with an impaired outcome.60 In an obser-
vational study from the All-Japan Utstein Registry, Hasegawa
and associates reported on the evaluation of the 281 522
patients with OHCA who were treated with ETI were less
likely to survive than the 367 837 patients who were treated
with bag-mask ventilation.60 Doctors Berg and Bobrow
recently pointed out that these findings are consistent with sev-
eral previous observational studies from other countries.61

Cardiocerebral resuscitation protocol that delayed advanced
airway in favor of passive ventilation improved survival when
compared to the survival in the EMS areas where they followed
the 2000 national and international guidelines for airway man-
agement. In addition, both Hanif et al in 2010 and Egly et al in
2013 reported better survival in patients without intubation
than those who received ETI.62,63

Epinephrine Therapy During Primary Cardiac Arrest

Cardiocerebral resuscitation advocates the early administra-
tion of epinephrine (Figure 1A). This recommendation was
based on early experiments in animals with VF arrest, where
survival was improved with the early administration of epi-
nephrine.64 This recommendation was supported by our more
recent animal studies that found survival was improved when
epinephrine was administered at a reasonable time period fol-
lowing the primary VF arrest.65 The first publicized rando-
mized controlled double-blind trial of epinephrine versus
placebo for OHCA in humans, when analyzed by a Bayesian
interpretation of the results, suggests a beneficial effect of
epinephrine (CI 2.1 with 95% CIs of 0.8-6.6).66,67 In another
study from Japan, investigators found improved survival in
patients with OHCA who received epinephrine by EMS pro-
viders.68 Thus, in 2 published randomized controlled trials
of epinephrine versus placebo for patients with OHCA, the
survival was better in the group who were given epinephrine.
Based on our findings in our experimental laboratory and
these 2 randomized studies in humans, we continue to recom-
mend early epinephrine.64 To administer early epinephrine,
intraosseous administration is recommended.65 There have
been studies in humans that have questioned the value of epi-
nephrine, but in these studies, epinephrine was administered
so late in the resuscitation effort that one has to conclude that
their findings were not universally applicable.69

Survival With CCR Versus 2005 National and
International Guidelines

The question was how does survival of patients with OHCA
treated with CCR compare to survival of patients treated with
the 2005 update of the national and international guidelines for
CPR and ECC? A systematic review and a meta-analysis of
quality studies were carried out to determine whether the use

of CCR or the 2005 AHA/ERC improved survival over that
obtained when these same units followed the 2000 AHA/ERC
guidelines. The results are shown in Figures 3 and 4.70

All 3 reported studies using CCR demonstrated significantly
improved survival compared to the use of AHA 2000 guide-
lines, as did 5 of the 9 studies using AHA/ERC 2005 Guide-
lines for CPR and ECC.70 Pooled data demonstrated that the
use of a CCR protocol has an unadjusted OR of 2.26 (95%
CI: 1.64-3.12) for survival-to-hospital discharge among all
cardiac arrest patients. Among witnessed VF/VT patients,
CCR increase survival by an OR of 2.98 (95% CI: 1.92-4.62;
Figure 3).70 Studies using AHA 2005 Guidelines showed an

Odds Ratio (95% CI)

Favors AHA 2000 Favors CCR

0.01 0.1 1 10 100

Kellum et al. Ann Emerg Med (2008)

Garza et al. Circulation (2007)

Bobrow et al. (2008)

Figure 3. A forest plot of the odds ratios for survival of patients with
witnessed out-of-hospital cardiac arrest due to ventricular fibrillation
treated with cardiocerebral resuscitation (CCR) versus the survival of
their patients when these same Emergency Medical Services followed
the American Heart Association (AHA) 2000 Guidelines. The overall
odds ratios were not different.

Odds Ratio (95% CI)

Favors AHA 2000 Favors AHA 2005

10.01 0.1 10 100

Aufderheide et al. Heart Rhythm (2010)

Bigham et al. Resuscitation (2011)

Hinchey et al Ann Emerg Med (2010)

Hung et al. Ann Acad Med Singapore (2010)

Lick et al. Crit Care Med (2011)

Olasveengen et al Resuscitation (2009)

Robinson et al Resuscitation (2010)

Sayer et al. Prehospital Emergency Care (2009)

Steinmetz, J. et al. Acta Anaesthesiol Scand (2008)

Figure 4. A forest plot of the odds ratios for survival of patients with
witnessed out-of-hospital cardiac arrest and ventricular fibrillation
treated with the 2005 Guidelines versus the survival of their patients
when these same Emergency Medical Services followed the American
Heart Association 2000 Guidelines.
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overall trend toward increased survival but significant hetero-
geneity existed among these studies, as shown in Figure 4.70

Comparisons of survival of patients with primary cardiac
arrest and a shockable rhythm between CCR and 2010 AHA/
ERC guidelines have not, to this author’s knowledge, been
studied. However, the 2010 AHA/ERC guidelines were little
changed from the 2005 guidelines.

Cardiac Receiving Centers

The hospital (Figure 1A) is the third component of CCR. In the
early 2000s, a variety of reports established the fact that aggres-
sive in-hospital therapy of patients with ROSC following
OHCA improved survival.71,72 These reports were supported
by studies that showed the benefits of therapeutic mild
hypothermia (TMH) and urgent cardiac catheterization.72,73

In 2007, the Arizona Department of Health Services under the
direction of Bentley J. Bobrow, Medical Director, Bureau of
Emergency Medical Services and the University of Arizona
Sarver Heart Center Resuscitation group, embarked on a pro-
gram of designating hospitals as Cardiac Receiving Centers.20

To be designated as a Cardiac Receiving Center, a hospital had
to commit to ‘‘24/7’’ provision of (1) TMH, (2) urgent cardiac
catheterization and appropriate interventional therapy, (3)
delaying ‘‘termination of care’’ for at least 72 hours after ther-
apeutic hypothermia, (4) a protocol to address organ donation,
(5) commitment to teach CPR to their surrounding commu-
nity, and (6) a commitment to submission of data (1 page)
to The Save Hearts in Arizona Registry and Education
(SHARE) program (azshare.gov) for the 6 months before
instituting the SHARE protocol and biyearly thereafter.20

However, not all hospitals could commitment to providing
advanced therapy for patients with ROSC following cardiac
arrest. The State EMS Council developed and approved a
prehospital protocol that allowed EMS personnel to bypass
the nearest local hospitals and transport eligible patients
(comatose patients with ROSC) to Cardiac Receiving Center
hospitals with a maximal transport interval not to exceed
15 minutes. This time limit was arrived at after analysis of
statewide OHCA transport interval data.74

Based on the classic studies published in the New England
Journal of Medicine of therapeutic hypothermia, the recom-
mended target temperature goal was 32"C to 34"C.75 The targeted
temperature management (TTM) trial by Nielsen et al compared 2
target temperatures, both intended to prevent fever.76 They ran-
domly assigned 950 unconscious adults after OHCA of presumed
cardiac cause to a TTM at either 33"C or 36"C.

Their trial showed no difference in survival of patients with
ROSC after cardiac arrest treated with a therapeutic hypother-
mia target of 33" versus 36". At the 180-day follow-up, 54% of
the patients in the 33"C group had died or had poor neurologic
function, compared with 52% of patients in the 36"C group.76

This trial suggests that patients intolerant to the colder tempera-
ture because of increased bleeding, bradycardia, or marked
‘‘QT interval’’ prolongation on their electrocardiogram should
be managed with a temperature goal of 36"C.

Improving Survival of Patients With OHCA

The problem is that the vast majority of physicians have no
idea what the survival rate of patients with OHCA is in their
area. This needs to change if major progress is to be made.
Unfortunately, following the national and international
‘‘Guidelines’’ is no guarantee that your EMS system is as
effective as it should be.

An common approach to improving outcomes of any endea-
vor is called continuous quality improvement (CQI); a concept
where one measures outcomes, makes reasonable changes, and
measures the results.21 The survival rates of patients with
OHCA in VF arrest between 1977 and 2003 in Tucson, Ari-
zona, were extremely poor and unchanged despite instituting
each national guideline update.18,19,21 Based on The University
of Arizona’s Sarver Heart Center’s Resuscitation Research
Group’s decades of research, first into defibrillators and defi-
brillation, and then our animal studies on the effects of drug
therapy on survival from primary cardiac arrest, our research
evolved into studies of the therapy of primary cardiac arrest
in our physiologic animal research laboratory.31,64,77-81 Our
findings convinced us by late 2003 that we could not in good
faith continue to follow the national and international guide-
lines for CPR and ECC. We announced our intentions and
explained our rationale. Based on CQI, it has been shown in cit-
ies, counties, and states where cardiocerebral resuscitation has
been instituted that survival from the nation’s number of killer
has improved. Other methods to improve survival from new
approaches to resuscitation have been recently updated by the
Utstein Formula for Survival Collaborators and are based on
science, education, and local implementation.82

Web Sites for CCR and SHARE

www.heart.arizona.edu and azdhs.gov/azshare/

Summary

Out-of-hospital cardiac arrest is major public health problem in
the United States, accounting for more premature deaths than
any other cause. Guidelines for the therapy of patients with
OHCA were little changed from the 1970s to mid-2000, aver-
aging 7.6% for all OHCA and 17.7% for those due to VF.
Decades of research lead to the institution of CCR in mid-
2000s that resulted in markedly improved survivals of patients
with primary OHCAs that averaged 38%. Following the 2005
Guidelines for CPR and EMS, survival of patients with OHCA
secondary to VF by some of the best Emergency Medical Sys-
tems varied from 7.7% to 39.9%, with a median survival rate
of 22%. The only way to know the effectiveness of your Emer-
gency Medical System is to know the survival of patients with
OHCA and a shockable rhythm. If it is less than 38%, they
should be encouraged to institute CCR and reevaluate the results.
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