
EMERGENCY MEDICAL SERVICES/ORIGINAL RESEARCH

Cardiocerebral Resuscitation Improves Neurologically Intact
Survival of Patients With Out-of-Hospital Cardiac Arrest

Michael J. Kellum, MD
Kevin W. Kennedy, MS
Richard Barney, MD
Franz A. Keilhauer, MD
Michael Bellino, MD
Mathias Zuercher, MD
Gordon A. Ewy, MD

From the Departments of Emergency Medicine at Mercy Health System, Janesville, WI (Kellum,
Kennedy, Keilhauer); Beloit Memorial Hospital, Beloit, WI (Barney); Aurora Lakeland Medical
Center, Elkhorn, WI (Bellino); University of Arizona Sarver Heart Center, University of Arizona
College of Medicine, Tucson, AZ (Zuercher, Ewy); and University of Basel, Basel, Switzerland
(Zuercher).

Study objective: In an effort to improve neurologically normal survival of victims of cardiac arrest, a
new out-of-hospital protocol was implemented by the emergency medical system medical directors in
2 south-central rural Wisconsin counties. The project was undertaken because the existing guidelines
for care of such patients, despite their international scope and periodic updates, had not
substantially improved survival rates for such patients during nearly 4 decades.

Methods: The neurologic status at or shortly after discharge was documented for adult patients with
a witnessed collapse and an initially shockable rhythm. Patients during two 3-year periods were
compared. During the 2001 through 2003 period, in which the 2000 American Heart Association
guidelines were used, data were collected retrospectively. During the mid-2004 through mid-2007
period, patients were treated according to the principles of cardiocerebral resuscitation. Data for
these patients were collected prospectively. Cerebral performance category scores were used to
define the neurologic status of survivors, and a score of 1 was considered as “intact” survival.

Results: In the 3 years preceding the change in protocol, there were 92 witnessed arrests with an
initially shockable rhythm. Eighteen patients survived (20%) and 14 (15%) were neurologically intact.
During the 3 years after implementation of the new protocol, there were 89 such patients. Forty-two
(47%) survived and 35 (39%) were neurologically intact.

Conclusion: In adult patients with a witnessed cardiac arrest and an initially shockable rhythm,
implementation of an out-of-hospital treatment protocol based on the principles of cardiocerebral
resuscitation was associated with a dramatic improvement in neurologically intact survival. [Ann
Emerg Med. 2008;52:244-252.]
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INTRODUCTION
Background

Out-of-hospital cardiac arrest is a major public health
problem and a leading cause of death.1-3 In the absence of early
defibrillation, survival rates in most areas of the world are dismal
and have remained essentially unchanged for decades despite
periodic resuscitation guideline updates.4,5

A new approach to the treatment of out-of-hospital cardiac

arrest, referred to as cardiocerebral resuscitation, was developed
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by the University of Arizona Sarver Heart Center Cardiac
Resuscitation Research Group.6-8 This resuscitation protocol
had been shown to significantly improve neurologically intact
24-hour survival in realistic animal models of out-of-hospital
cardiac arrest.9-14 Accordingly, in 2004, the emergency medical
service medical directors in 2 rural Wisconsin counties
implemented an out-of-hospital protocol for the treatment of
out-of-hospital cardiac arrest, using the principles of
cardiocerebral resuscitation.15,16

The first published report of the use of cardiocerebral

resuscitation in the out-of-hospital setting was limited to 1
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year’s observations.16 Neurologically intact survival of
witnessed-shockable patients (ie, those with a witnessed collapse
and an initially shockable rhythm) improved from 15% to
48%.16 Although dramatic, these results were not convincing to
many in the scientific resuscitation community because the new
approach had been in place for only 1 year and the number of
witnessed-shockable patients was small. There was also concern
that a significant portion of the improved survival could be
ascribed to the “Hawthorne effect,” that is, the improved
performance of individuals who knew they were being
studied.17 Longer duration of follow-up might address some of
these concerns.

Importance
The cardiocerebral resuscitation protocol deviated

significantly from the American Heart Association and
International Liaison Committee on Resuscitation 2000
Guidelines18 that were extant when the new protocol was first
introduced. Even though some of cardiocerebral resuscitations’
individual interventions were included in the American Heart
Association 2005 Guidelines,19 cardiocerebral resuscitation still
deviates from the current guidelines in its approach to delivery
of chest compressions, airway management, and ventilation.
Therefore, if extended experience with the use of cardiocerebral
resuscitation in the out-of-hospital setting confirms its survival
advantage in the treatment of witnessed-shockable patients, it is
possible that cardiocerebral resuscitation will emerge as the
standard by which the results of current and future resuscitation
protocols for this group of patients should be judged.

Editor’s Capsule Summary

What is already known on this topic
Uninterrupted cardiopulmonary resuscitation (CPR),
especially closed chest compressions, has been shown to
improve survival in animal models and limited case series.

What question this study addressed
Did implementation of out-of-hospital cardiocerebral
resuscitation protocol that emphasized continuous CPR
in 2 rural counties improve neurologically intact survival?

What this study adds to our knowledge
In this before-and-after observational study of 181
witnessed cardiac arrest patients with initially shockable
rhythms, neurologically intact survival increased from
15% to 39% when the new protocol was introduced.

How this might change clinical practice
In training and during cardiac arrest resuscitations,
emphasize the importance of providing continual chest
compressions, minimizing the frequency and duration of
interruptions as much as possible.
Additionally, the need for assisted ventilation in the initial
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minutes of treatment of witnessed-shockable patients may well
need to be reassessed.

Goals of This Investigation
This report compares neurologically intact survival in

patients with a witnessed arrest and an initially shockable
rhythm before and after implementation of an out-of-hospital
cardiocerebral resuscitation protocol.

MATERIALS AND METHODS
Study Design

This is a before-and-after observational study of the effect on
survival of a new out-of-hospital cardiac arrest management
protocol. Data for a 3-year period before the implementation of
the new protocol were collected retrospectively and are
compared with observations prospectively collected for a 3-year
period after the protocol was instituted. The project was
approved by the institutional review board of Mercy Health
System and approved for use by the Wisconsin EMS Bureau.

Setting
The emergency medical services (EMS) response in Rock and

Walworth counties is a 2- or 3-tiered system for suspected
cardiac arrest patients. The first responders to be radio
dispatched are cardiocerebral resuscitation–trained law officers
or EMS personnel who most often are equipped with
automated external defibrillators. Second-tier municipal
nonparamedic ambulances are usually also dispatched for each
call. Paramedic or third-tiered responders participate in all
cardiac arrest cases either as the primary responding unit or one
called to assist in care.

Rock and Walworth counties have areas of 720 and 555
square miles, respectively. Their 2004 populations were
156,512 and 98,334, respectively. There are 582 first-responder
law officers (sheriff and municipal police officers) in the 2
counties. Rock County has 2 municipal paramedic squads with
60 members, and Walworth County has 3 private paramedic
squads with 50 members. The 22 municipal nonparamedic
squads in the 2 counties have a total of 458 primarily volunteer
emergency medical technicians.

Selection of Participants and Data Collection and
Processing

Data on all patients experiencing a possible cardiac arrest
were collected for 2 separate 3-year periods. For the control
period, between 2001 and 2003, data was obtained
retrospectively. The out-of-hospital treatment for these patients
followed that advocated by the American Heart Association
2000 guidelines. For the project period, between mid-2004 and
mid-2007, data was collected prospectively. These patients were
treated in the out-of-hospital setting with a protocol based on
cardiocerebral resuscitation. Data for each of these periods were
obtained from EMS run reports, 911 dispatcher recordings, and

emergency department (ED) and hospital records. During the
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project period, conversations with rescuers were occasionally
used to clarify data collected. Although automated external
defibrillators were used in the control period,
defibrillator/automated external defibrillator downloads were
available only during the project period. Data on each patient
were entered into a customized Microsoft Access (Microsoft
Corporation, Redmond, WA) database.

An arrest was designated as “witnessed” if someone at the
scene heard or saw the patient collapse. In a few instances, cases
were considered witnessed if a definable activity of less than 1 or
2 minutes existed between last contact with the patients and
their collapse. Initial rhythms were categorized as shockable (as
read by the automated external defibrillator) or nonshockable.
“Call-to-shock” intervals were calculated for the witnessed-
shockable patients by using the time the 911 call was received
and the time of the initial shock.

Patients were classified according to the Utstein style of
presentations for reports of out-of-hospital cardiac arrest.20 As
presented in Figure 1, cases were excluded from the analysis of
survival for the following reasons: (1) if information available
indicated a noncardiac etiology for the arrest, (2) if the arrest was
witnessed by EMS personnel, (3) if the patient was considered dead
at the scene and out-of-hospital treatment was then either not
initiated or prematurely terminated, (4) if resuscitation was
terminated because of preexisting do-not-resuscitate (DNR) orders,
(5) if the patient was younger than 16 years, (6) if there was
insufficient information to determine the etiology of the arrest, and
(7) if postresuscitation hypothermia was used. Exclusions were
processed sequentially in the above order, with the earliest
occurring exclusion assigned to each patient.

INTERVENTIONS
The cardiocerebral resuscitation out-of-hospital protocol (Figure

2) was reserved for cases in which the arrest was presumed to be
cardiac in origin, ie, individuals with a sudden unexpected collapse,
with absent or abnormal breathing. In all other situations, standard
cardiopulmonary resuscitation (CPR) was used.

The cardiocerebral resuscitation protocol used 2 minutes of
uninterrupted or continuous chest compressions at 100 per minute
before each rhythm analysis�shock. Single instead of “stacked”
shocks were used. Continuous chest compressions were resumed
immediately after each analysis�shock. Pulse checks, when
performed, were done only after 200 compressions during the
obligatory pause for analysis of rhythm. Patients were not moved
from the scene until 3 cycles of continuous chest compressions and
analysis�shock were completed.

Initial airway management was delayed until a second rescuer
was available and then was limited to placement of an oral-
pharyngeal airway and administration of oxygen by
nonrebreather mask. If the initial rhythm was shockable,
insertion of an invasive airway and assisted ventilation were not
performed until either return of spontaneous circulation or until
after 3 cycles of continuous chest compressions and
analysis�shock were completed. However, if the initial rhythm

was nonshockable, invasive airway insertion and ventilation
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were initiated after this first rhythm analysis. When positive-
pressure ventilations were delivered, a rate of 8 to 10 per minute
was recommended.

The technique of chest compressions was taught with a
metronome to emphasize the importance of a rate of 100 per
minute. Full chest recoil after each compression was stressed. In
the field, a metronome was attached to most defibrillators used
by responders.

If only 1 responder was on the scene, the defibrillator/
automated external defibrillator pads were applied before chest
compressions were initiated in an effort to minimize the pause
between stopping compressions and shocking. When possible,
automated external defibrillators were reprogrammed to comply
with the protocol, and when this could not be done, EMS
personnel were instructed to ignore the automated external
defibrillator postshock instructions that did not follow the
protocol. Paramedic responders used manual defibrillators.

There was no public campaign to instruct laypersons in
“continuous chest compression” resuscitation. The single 911-
dispatch center in Rock County gave standard CPR instructions
to callers in the 2001 to 2003 period and chest-compression-
only instructions after May 2004. None of the 3 911 centers in
Walworth County gave CPR instructions of any type.

Outcome Measures
We evaluated the effect of the new cardiocerebral

resuscitation protocol by comparing neurologically intact
survival of witnessed-shockable patients during the 3 years
(2001 to 2003) when Guidelines 2000 were in place with that
observed during the 3 years when the cardiocerebral
resuscitation out-of-hospital protocol was used.

The neurologic status of each survivor was determined at or
shortly after hospital discharge and was obtained primarily from
hospital records by the first author. In 2 cases, the patient’s
attending or primary care physician was contacted for
clarification. In 1 case, an individual who had seen the patient
after discharge provided additional information. A cerebral
performance category score20,21 was recorded for each survivor.
A score of 1 denotes “good” cerebral performance; such
individuals are conscious, alert, and able to work and live a
normal life but may have had minor psychological or neurologic
deficits. A cerebral performance category score of 2, indicating
“moderate” disability, was assigned to patients who were
conscious and alert, with sufficient cerebral function for
independent activities of daily life. Although these individuals
may have had hemiplegia, seizures, ataxia, dysarthria, dysphasia,
or permanent memory or mental changes, they returned to their
previous place of residence. A score of 3, or “severe” disability,
was given if the patient was conscious but depended on others
for daily support. Such individuals were usually institutionalized
but may have been discharged home, requiring exceptional
family effort because of their impaired brain function. Patients
with a cerebral performance category score of 4 were
unconscious and in a coma or vegetative state. Scores of 5 were

not used because these individuals were considered
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res
nonsurvivors. In this report, “neurologically intact” was reserved
for individuals with a cerebral performance category score of 1.

For each 12-month interval in the control and project
periods, the total and surviving numbers of witnessed-shockable

Figure 1. The number of patients in each subset of total ca
(C) and the 3-year (2004 to 2007) demonstration project pe
arrest was noncardiac or could not be determined. Additiona
considered “dead on arrival,” and resuscitation efforts were
had DNR orders in effect; patient was younger than 16 year
was considered witnessed if collapse was either seen or he
nonshockable. The cerebral performance category (CPC) sco
patients were tallied.
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Primary Data Analysis
Data were analyzed with SPSS version 15.0 (SPSS, Inc.,

Chicago, IL), presenting descriptive statistics and
frequencies. The comparisons between continuous variables

is presented for the 3-year historical 2001 to 2003 period
(D). Cases were excluded from analysis if the cause of
clusions included the following: DOA cases were
er not initiated or were terminated in the field; DNR cases
e arrest was witnessed by EMS responder(s). An arrest
Initial rhythms were designated as shockable or
for survivors are presented.
ses
riod
l ex
eith

s; th
ard.
were made by t test and the respective 95% confidence
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interval (CI) for the mean difference. Categorical data are
expressed as proportions and 95% CI of difference between
groups.

RESULTS
During the 3 years when the Guidelines 2000 were used,

there were 92 adult patients with a witnessed arrest and an
initially shockable rhythm. Eighteen of these 92 patients
survived (20%), and 14 of these 92 (15%) survived
neurologically intact. During the 3 years that the cardiocerebral

Figure 2. The cardiocerebral resuscitation protocol.
CCC, Continual chest compressions; OPA, oral pharyngeal
airway; NRB, nonrebreather mask; Advanced Airway,
endotracheal tube or Combitube; PPV, positive pressure
ventilations.
resuscitation protocol was used, there were 89 such patients.
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Forty-two of them survived (47%), and 35 of the 89 (39%)
survived neurologically intact. The total, as well as the number
of neurologically intact survivors, was different (Table 1).

The prevalence of arrests that were witnessed and witnessed
arrests with an initially shockable rhythm were similar in the 2
groups (Figure 2). There was no difference between the 2
groups in age, sex, or the percentage of individuals receiving any
form of bystander CPR (Table 1).The mean call-to-shock times
were longer in the cardiocerebral resuscitation project period.

The annual number of witnessed-shockable patients and
their outcomes in the control and project periods are presented
in Table 2. Bystander CPR and survival numbers for type of
bystander activity in the witnessed-shockable cases are presented
in Table 3.

LIMITATIONS
Before-and-after observational studies are subject to a variety

of confounding influences that may affect the validity of
conclusions drawn, but because our conclusions involve only a
comparison of the witnessed-shockable patients, only the
potential confounders in this subgroup will be addressed. These
include the validity and effect of exclusion criteria, the
completeness of cases captured for the 2 periods, and other
factors external to the compared protocols that may have
erroneously been presumed to be similar.

We therefore reviewed all patients whose initial rhythm was
shockable, witnessed or not, and asked whether the exclusion
process (see Figure 2) would prejudice the results. A noncardiac
arrest etiology was found in 2 control patients and 3 project
patients. In one control patient, whose arrest was not witnessed
and who died, clinical data to define the exact cause of arrest
were not available. The other control patient died after a
respiratory arrest and massive hemoptysis from lung carcinoma.
The 3 excluded project patients died from subarachnoid
hemorrhage, drowning, and pulmonary embolus. Thirteen
control and 9 project cases were excluded because the arrest was
witnessed by EMS rescuers, and all these cases were found to be
valid. No control patients and 6 project cases were initially
excluded for DNR reasons. After review, 2 project patients were
reclassified as not true DNR because their DNR status had been
initiated after the family had physician input about the futility
of continuation of life support. The single patient who received
hypothermia after resuscitation was excluded. None of these
initially shockable patients were excluded for reasons of
incomplete data, dead on arrival, or age. We therefore conclude
that the exclusion criteria used did not artificially inflate the
survival results in our project witnessed-shockable patients. If
the 1 control case excluded for noncardiac etiology had not been
excluded, the control survival rate would have decreased.

On the other hand, inappropriate exclusions could well
introduce bias in the residual “presumed cardiac” group, which
is the denominator in calculation of overall survival. This is one
reason we specifically avoided presentation of a comparison of

overall cardiac arrest survival rates.
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A second potential confounder is whether all arrest cases
were captured during the data collection process. The EMS
response in our area was such that virtually all cases in which
resuscitation was attempted would have been treated by one of
the paramedic squads. In addition, virtually all cases with
ongoing resuscitation would have been transported to one of the
4 EDs. We relied on data found in EMS reports and hospital
ED and inpatient medical records. Computerized logs for these
sources were searched. Additionally, all transfers out from the
hospitals were examined. In-field termination, except for
patients who were obviously dead, was not operant during the 2
study periods. We are therefore confident that essentially all
cases in which resuscitation was attempted were included in the
data presented in Figure 2.

All data were collected and reviewed by the first author
(M.J.K.), who was often not blinded to patient outcome. Every
effort was made to be impartial and to diligently apply criteria
in making decisions. However, with the exception of
determination of cerebral performance category scores and
defining “witnessed” status, any bias thus introduced would not
affect the conclusions about survival in the witnessed-shockable
groups. The cerebral performance category score criteria are well
defined. In 3 cases during the project period, a determination
could not be made from data available in medical records, and
additional information was sought. This was not possible during

Table 1. Characteristics of patients with a witnessed arrest and
Guidelines 2000 CPR and the project period using cardiocerebr

Three-Year Co

Characteristics No. Proport

Total cases 92
Age
Male sex 70 0.76
Call to shock, min*
Bystander CPR/continuous chest compressions

†
41 0.45

Survivors, total No. 18 0.20
Survivors, cerebral performance category�1 14 0.15

*Data available for 69 control patients and 83 project patients.
†Data available for 91 CPR patients and 87 cardiocerebral resuscitation patients

Table 2. The annual number of patients and their outcomes in
was witnessed and initial rhythm was shockable.

Year Total Cases, No. No.

Control
2001 26 6
2002 26 6
2003 40 6
Project
2004 31 18
2005 24 9
2006 34 15
the control period, which may have confounded distinctions
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between scores of 1 and 2 during the control period but would
not, because of the definitions, have misclassified cases with a
score of 3.

Our study was not designed to address the effect of bystander
CPR or continuous chest compressions on survival in the
witnessed-shockable groups. During the project period, there
was no formal effort made to educate lay public in continuous
chest compression–only CPR, and we did not assess the
adequacy of bystander efforts. Some type of bystander effort was
present in 45% of both groups of witnessed-shockable cases
(Table 3).

We also did not assess the quality of either CPR or
cardiocerebral resuscitation performed by rescuers. CPR training
during the control period occurred every 2 years per state protocol.
During the project period, there was an intensive initial training
program using a “train the trainer” approach, but subsequent
training, including that of new members and retaining of existing
rescuers, was left to the discretion of individual rescue squads and
was neither monitored nor studied. We did not investigate
adherence to protocols, and therefore feedback to rescuers about
this was seldom performed. ED physicians were not trained in
cardiocerebral resuscitation, and we did not study their use of
Guidelines 2005 in the latter years of the project. Hospital intensive
care protocols were not specifically altered to address cardiac arrest
survivors during the 2 project periods. All of these factors could

initially shockable rhythm during the control period using
suscitation.

Period Three-Year Project Period
Group Comparison,

95% CIMean No. Proportion Mean

89
64.3 61.9 �6.4 to 1.5

63 0.71 �0.2 to 0.1
7.4 8.6 0.3 to 2.1

40 0.45 �0.1 to 0.2
42 0.47 0.1 to 0.4
35 0.39 0.1 to 0.4

ontrol and project periods for those patients whose arrest

Survivor
Survivor Cerebral Performance

Category 1

% No. %

23 5 19
23 6 23
15 3 8

58 15 48
38 7 29
44 13 38
an
al re

ntrol

ion
the c
have influenced our conclusions.
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Other potential confounding issues still exist. We did not
quantitate or study the influence of automated external
defibrillator deployment between the 2 study periods, but the
fact that call-to-shock times were longer in the project period
suggests that earlier defibrillation did not bias our results. The
ability to interview rescuers after a case in the project period but
not the control period may have influenced the results, but this
information would have affected only the “witnessed” status.
The paucity of survivors in the groups other than witnessed-
shockable argues against this being a significant confounder. We
did not study the application of “inappropriate” shocks, but
when defibrillator downloads or rhythm strips were available,
these were compared with the run report data to confirm
“shockable” status. Metronome usage was sporadic during the
project period, and metronomes were not used during the
control period. Finally, other than extending our project period
to 3 years, we did not attempt to specifically address the
influence a Hawthorne effect17 may have had on the observed
improvement in survival.

DISCUSSION
Cardiocerebral resuscitation was first implemented in

Tucson, AZ, in late 2003.8,22 Shortly thereafter, the 4 EMS
medical directors in Rock and Walworth counties in south-
central Wisconsin sent a delegation to Tucson to study their
cardiocerebral resuscitation protocol. After an extensive review
of the evidence supporting the use of cardiocerebral
resuscitation in the out-of-hospital setting, a slightly modified
protocol for use in a rural setting was developed.15 It was
subsequently implemented in spring 2004 by these EMS
medical directors as a demonstration project in an attempt to
improve neurologically intact survival in cases of out-of-hospital
cardiac arrest.

The original Tucson protocol was developed for an urban
setting with paramedic EMS responders. In our rural setting,
patients were often initially treated by nonparamedic rescuers
who used automated external defibrillators and not manual
defibrillators. We therefore had to reprogram multiple types of
automated external defibrillators to follow the cardiocerebral
resuscitation protocol. This was not always possible and
therefore additional training was needed to address this issue.
The Tucson protocol also had to be modified because our
nonparamedics could not administer advanced life support
medications. When should rescuers leave the scene to acquire

Table 3. Types of bystander CPR performed and numbers of pa
a witnessed arrest and an initially shockable rhythm. CPR is Gu

Group Total No. None CPR 911 CPR

Control 92 (18) 51 (10) 37 (8) 3 (0)
Project 89 (42) 49 (21) 21 (11) 1 (1)

Continuous chest compressions are continuous chest compression–only CPR. 91
such advanced care? We elected to continue resuscitation at the
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scene for 3 cycles of continuous chest compressions�shock
before moving patients. This decision was based on a risk-
benefit analysis of the benefits of advanced life support drug
administration versus the reduction of quality of chest
compressions that inevitably accompanies moving the patient to
an ambulance. The existing clinical evidence argued against
advanced life support drugs improving survival,23 and we
believed that quality chest compressions were initially more
crucial to survival.

This is the second published report of survival outcomes
when cardiocerebral resuscitation is used in the out-of-hospital
treatment of adult victims of presumed cardiac arrest. Our
initial publication was limited to the first year’s data.16 The
current report, in which observations were extended to a 3-year
period, confirms the conclusion reached after the first year:
compared with Guidelines 2000 management, the use of
cardiocerebral resuscitation is associated with a significant
improvement in neurologically intact survival in witnessed-
shockable patients. Intact survival for these patients in the
control, project first year, and project 3-year periods was 15%,
48%, and 39%, respectively.

The improvement in survival observed after introduction of
the cardiocerebral resuscitation protocol could not be attributed
to differences in age, sex, call-to-shock times, or use of
hypothermia between the two 3-year periods. There was a
relative reduction in survival when the first and the subsequent
2 years were compared (Table 2), which may have been due to
the Hawthorne effect.17 Another equally plausible and probably
coexisting explanation for this trend is the relative lack of
retraining efforts that existed during the latter 2 years of the
project.

The dramatic improvement in survival we report has
recently been duplicated in a larger number of patients from
a metropolitan area in Arizona, in which the survival to
hospital discharge was tripled after metropolitan fire
departments were instructed in the technique of
cardiocerebral resuscitation.24 The majority of individuals
with out-of-hospital cardiac arrest have little or no chance of
survival because their arrests are either not witnessed or their
initial rhythm on arrival of the EMS is nonshockable.
Therefore, only patients with a witnessed arrest and an
initially shockable rhythm were compared in this report
because they are the subset of “cardiac arrest” victims most
likely to survive and therefore a group most likely to reflect

s (in parentheses) surviving in each category for patients with
nes 2000 CPR.

CCC 911 CCC Unknown
Percentage With

CPR or CCC

0 0 1 (0) 45
5 (4) 11 (4) 2 (1) 45

or continuous chest compressions are dispatcher-assisted instructions.
tient
ideli
the influence of a change in the interventional protocol.
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Additionally, focusing on this group removes any bias
introduced by a decrease in the overall incidence of
fibrillatory arrests25 or exclusion criteria used. Finally, this is
the group of individuals whose underlying pathophysiology
is best understood,26,27 most likely to be homogeneous, and
one most often modeled in animal studies.

Survival at hospital discharge as an endpoint is becoming
ever more common in clinical resuscitation studies. We elected
to use a definition that is even more restrictive, ie,
“neurologically intact survival” with a cerebral performance
category score of 1, because of its clinical relevance. Although
the cerebral performance category score is less accurate than
sophisticated objective testing in defining neurologic status,28 it
is still widely used in clinical studies and is sufficient to define
relative neurologic status at discharge among survivors. The data
in Figure 2 allow calculation of survival in all categories of
cerebral performance category scores.

The management strategy that cardiocerebral resuscitation
advocates is based on a fundamental assumption: survival is
improved when heart and brain perfusion is maximized. Chest
compressions must be optimally performed and interrupted
only by interventions considered more crucial than perfusion for
survival. The detrimental effects of increased intrathoracic
pressure on forward blood flow should be appreciated and
minimized. A full discussion of the interventions embodied in
cardiocerebral resuscitation and the rationale for their
implementation are presented elsewhere.6,7,29,30

Cardiocerebral resuscitation was first introduced by the
University of Arizona Sarver Heart Center Resuscitation
Research Group in late 2003.8,22 At that time, it was considered
an unconventional management strategy because it advocated
interventions that deviated significantly from the 2000
Guidelines. In part for this reason, it has been used in only a
handful of other EMS systems. Nonetheless, the dramatic
improvement in neurologically intact survival reported herein
calls into question the universal validity of the airway-breathing-
circulation CPR paradigm that has guided cardiac arrest
resuscitation since the 1960s.

In conclusion, neurologically intact survival in adult patients
with a witnessed arrest and an initially shockable rhythm was
dramatically improved after implementation of an out-of-
hospital protocol based on the principles of cardiocerebral
resuscitation.
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Volume , .  : September 
and Mark Shelton, EMT-P, were a constant source of practical
advice and were tireless instructors.

Supervising editor: Theodore R. Delbridge, MD, MPH

Author contributions: MJK, KWK, RB, FAK, MB, and GAE
participated in development of the out-of-hospital protocol. MJK
and KWK were responsible for data collection. Training and
supervision of participants was done by MJK, KWK, RB, FAK, and
MB. MZ provided statistical analysis. MJK and GAE drafted the
article, and all authors participated in its revisions. MJK had full
access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis.
MJK takes responsibility for the paper as a whole.

Funding and support: By Annals policy, all authors are required
to disclose any and all commercial, financial, and other
relationships in any way related to the subject of this article
that might create any potential conflict of interest. The authors
have stated that no such relationships exist. See the
Manuscript Submission Agreement in this issue for examples
of specific conflicts covered by this statement.

Publication dates: Received for publication October 4, 2007.
Revision received December 10, 2007. Accepted for
publication February 7, 2008. Available online March 28,
2008.

Presented at the 2007 American Heart Association meeting,
November 2007, Orlando, FL.

Address for reprints: Michael J. Kellum, MD, W9675 Homburg
Ln, Whitewater, WI 53190; 262-949-2270, fax 262-245-2303;
E-mail mkellum@mhsjvl.org.

REFERENCES
1. State-specific mortality from sudden cardiac death—United

States, 1999. MMWR Morb Mortal Wkly Rep. 2002;51:123-126.
2. Zheng ZJ, Croft JB, Giles WH, et al. Sudden cardiac death in the

United States, 1989 to 1998. Circulation. 2001;104:2158-2163.
3. Rea TD, Eisenberg MS, Sinibaldi G, et al. Incidence of EMS-

treated out-of-hospital cardiac arrest in the United States.
Resuscitation. 2004;63:17-24.

4. Engdahl J, Bang A, Lindqvist J, et al. Time trends in long-term
mortality after out-of-hospital cardiac arrest, 1980 to 1998, and
predictors for death. Am Heart J. 2003;145:826-833.

5. Rea TD, Eisenberg MS, Becker LJ, et al. Temporal trends in
sudden cardiac arrest: a 25-year emergency medical services
perspective. Circulation. 2003;107:2780-2785.

6. Ewy GA. Cardiocerebral resuscitation: the new cardiopulmonary
resuscitation. Circulation. 2005;111:2134-2142.

7. Kern KB, Valenzuela TD, Clark LL, et al. An alternative approach
to advancing resuscitation science. Resuscitation. 2005;64:261-
268.

8. Ewy GA. A new approach for out-of-hospital CPR: a bold step
forward. Resuscitation. 2003;58:271-272.

9. Sanders AB, Kern KB, Atlas M, et al. Importance of the duration
of inadequate coronary perfusion pressure on resuscitation from
cardiac arrest. J Am Coll Cardiol. 1985;6:113-118.

10. Kern KB, Ewy GA, Voorhees WD, et al. Myocardial perfusion
pressure: a predictor of 24-hour survival during prolonged cardiac

arrest in dogs. Resuscitation. 1988;16:241-250.

Annals of Emergency Medicine 251

mailto:mkellum@mhsjvl.org


Cardiocerebral Resuscitation for Patients With Out-of-Hospital Cardiac Arrest Kellum et al
11. Berg RA, Kern KB, Sanders AB, et al. Bystander cardiopulmonary
resuscitation. Is ventilation necessary? Circulation. 1993;88:
1907-1915.

12. Berg RA, Wilcoxson D, Hilwig RW, et al. The need for ventilatory
support during bystander CPR. Ann Emerg Med. 1995;26:342-350.

13. Berg RA, Kern KB, Hilwig RW, et al. Assisted ventilation during
“bystander” CPR in a swine acute myocardial infarction model
does not improve outcome. Circulation. 1997;96:4364-4371.

14. Berg RA, Kern KB, Hilwig RW, et al. Assisted ventilation does not
improve outcome in a porcine model of single-rescuer bystander
cardiopulmonary resuscitation. Circulation. 1997;95:1635-1641.

15. Kellum MJ. Call and pump. Available at: http://www.callandpump.
org. Accessed March 12, 2008.

16. Kellum MJ, Kennedy KW, Ewy GA. Cardiocerebral resuscitation
improves survival of patients with out-of-hospital cardiac arrest.
Am J Med. 2006;119:335-340.

17. Campbell JP, Maxey VA, Watson WA. Hawthorne effect:
implications for prehospital research. Ann Emerg Med. 1995;26:
590-594.

18. Guidelines 2000 for cardiopulmonary resuscitation and
emergency cardiovascular care. Part 1: Introduction to the
international guidelines 2000 for CPR and ECC: a consensus on
science. Circulation. 2000;102:I-44.

19. American Heart Association guidelines for cardiopulmonary
resuscitation and emergency medical services for out-of-hospital
cardiac arrest. Part 7.2: management of cardiac arrest.
Circulation. 2005;112:IV-58.

20. Cummins RO, Chamberlain DA, Abramson NS, et al.
Recommended guidelines for uniform reporting of data from out-
of-hospital cardiac arrest: the Utstein style. A statement for
health professionals from a task force of the American Heart

Association, the European Resuscitation Council, the Heart and

252 Annals of Emergency Medicine
Stroke Foundation of Canada, and the Australian Resuscitation
Council. Circulation. 1991;84:960-975.

21. Herlitz J, Bang A, Ekstrom L, et al. A comparison between
patients suffering in-hospital and out-of-hospital cardiac arrest in
terms of treatment and outcome. J Intern Med. 2000;248:53-60.

22. Kern KB. Limiting interruptions of chest compressions during
cardiopulmonary resuscitation. Resuscitation. 2003;58:273-274.

23. Stiell IG, Wells GA, Field B, et al. Advanced cardiac life support in
out-of-hospital cardiac arrest. N Engl J Med. 2004;351:647-656.

24. Bobrow BJ, Clark L, Ewy GA, et al. Minimally interrupted cardiac
resuscitation by emergency medical services for out-of-hospital
cardiac arrest. JAMA. 2008;299:1158-1165.

25. Polentini MS, Pirrallo RG, McGill W. The changing incidence of
ventricular fibrillation in Milwaukee, Wisconsin (1992-2002).
Prehosp Emerg Care. 2006;10:52-60.

26. Weisfeldt ML, Becker LB. Resuscitation after cardiac arrest: a
3-phase time-sensitive model. JAMA. 2002;288:3035-3038.

27. Andreka P, Frenneaux MP. Haemodynamics of cardiac arrest and
resuscitation. Curr Opin Crit Care. 2006;12:198-203.

28. Hsu JW, Madsen CD, Callaham ML. Quality-of-life and formal
functional testing of survivors of out-of-hospital cardiac arrest
correlates poorly with traditional neurologic outcome scales. Ann
Emerg Med. 1996;28:597-605.

29. Ewy GA, Kellum MJ, Kern KB, Cardiocerebral resuscitation: a
better approach to out-of-hospital cardiac arrest. Yearbook
Intensive Care Emerg Med. Heidelberg, Berlin: Springer-Verlag;
2006;316-327.

30. Ewy GA, Kellum MJ. Cardiocerebral resuscitation: a new approach to
out-of-hospital cardiac arrest. In: Paradis N, Halperin H, Kern K, et
al, eds. Cardiac Arrest: The Science and Practice of Resuscitation
Medicine. 2nd ed. New York, NY: Cambridge University Press; 2007:

747-756.
Access to Annals of Emergency Medicine Online is now reserved for ACEP members and print subscribers.

Full-text access to Annals of Emergency Medicine Online is now available for ACEP members and all print subscribers. To activate
your individual online subscription, please visit Annals of Emergency Medicine Online by pointing your browser to
http://www.annemergmed.com, follow the prompts to activate your online access, and follow the instructions. To activate your
account, you will need your ACEP member number or your subscriber account number, which you can find on your mailing label.
If you need further assistance to access the online journal, please contact Periodicals Services at 800-654-2452. Personal
subscriptions to Annals of Emergency Medicine Online are for individual use only and may not be transferred. Use of Annals of
Emergency Medicine Online is subject to agreement to the terms and conditions as indicated online.

Information is also available at ACEP’s home page at www.acep.org.
Volume , .  : September 

http://www.callandpump.org
http://www.callandpump.org

	Cardiocerebral Resuscitation Improves Neurologically Intact Survival of Patients With Out-of-Hospital Cardiac Arrest
	INTRODUCTION
	Background
	Importance
	Goals of This Investigation

	MATERIALS AND METHODS
	Study Design
	Setting
	Selection of Participants and Data Collection and Processing

	INTERVENTIONS
	Outcome Measures
	Primary Data Analysis

	RESULTS
	LIMITATIONS
	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


