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ARDIOCEREBRAL RESUSCITATION

ardiocerebral Resuscitation Improves Survival of
atients with Out-of-Hospital Cardiac Arrest
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ABSTRACT

URPOSE: The guidelines for cardiopulmonary resuscitation (CPR) have been in place for decades; but
espite their international scope and periodic updates, there has been little improvement in survival rates in
ut-of-hospital cardiac arrest for patients who did not receive early defibrillation. The Emergency Medical
ervice directors in 2 rural Wisconsin counties initiated a new protocol for the pre-hospital management of adult
ardiac arrest victims in an attempt to improve survival rates. The results observed after implementation of this
rotocol are presented and compared with those observed during a three-year period that preceded initiation of
he project.
ETHODS: The protocol, based upon the principles of cardiocerebral resuscitation, was significantly different

rom the standard CPR protocol. A major objective was to minimize interruptions of chest compressions. Each
efibrillation, including the first, was preceded by 200 uninterrupted chest compressions. Single shocks, rather
han stacked shocks, were utilized. Post shock rhythm and pulse checks were eliminated, and chest compres-
ions were resumed immediately after a shock was delivered. Initial airway management was limited to an oral
haryngeal device and supplemental oxygen. If the arrest was witnessed, assisted ventilations and intubation
ere delayed until either a return of spontaneous circulation or until three series of “compressions � analysis
shock” were completed.

ESULTS: In the 3 years preceding the change in protocol, where standard CPR was utilized, there were 92
itnessed out-of-hospital adult cardiac arrests with an initially shockable rhythm. Eighteen patients survived,

nd 14 of 92 (15%) were neurologically intact. After implementing the new protocol in early 2004, there were
3 witnessed out-of-hospital adult cardiac arrests with an initially shockable rhythm. Nineteen survived, and 16
f 33 (48%) were neurologically normal. Differences in both total and neurologically normal survival are
ignificant (chi-squared � 0.001).
ONCLUSION: Instituting the new cardiocerebral resuscitation protocol for managing prehospital cardiac
rrest improved survival of adult patients with witnessed cardiac arrest and an initially shockable rhythm. ©

006 Elsevier Inc. All rights reserved.
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ut-of-hospital cardiac arrest is second only to all cancer
eaths combined as a cause of mortality and is responsible
or approximately 490 000 deaths a year in the United
tates.1 In the absence of early defibrillation, survival rates
re dismal and have remained essentially unchanged for
lmost four decades in spite of periodic updates of stan-
ardized guidelines.2,3

In November 2003, the Sarver Heart Center Cardiopul-
onary Research Group at the University of Arizona, in

Requests for reprints should be addressed to Gordon A. Ewy, MD,
arver Heart Center, University of Arizona College of Medicine, 1501
orth Campbell Ave., Tucson, AZ 85724.
i: gaewy@aol.com.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.11.014
ooperation with the Tucson Fire Department, instituted a
ew approach to out-of-hospital cardiac arrest.4-6 This ap-
roach, now referred to as cardiocerebral resuscitation
CCR), was significantly different in many aspects from
tandard cardiopulmonary resuscitation (CPR). A revised
ersion of cardiocerebral resuscitation was instituted in two
ural counties in Wisconsin in early 2004.7 The details of
his Wisconsin project and the survival rates observed after
ts implementation are presented.

ETHODS
n late 2003, the 4 emergency medical service (EMS) med-

cal directors in 2 rural Wisconsin counties sent represen-
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atives to Tucson, Arizona to study the details of their
rogram. The evidence presented convinced them that
hanging from the then-standard CPR protocol to a CCR
rotocol might result in improved survival in the patient
opulation they served.4,7 After planning and protocol de-
elopment, and EMS and law of-
cer education, the new prehospi-

al protocol was implemented by
he EMS directors as a demonstra-
ion project for the purpose of im-
roving survival in adult out-of-
ospital cardiac arrest victims.
he project7 was approved by the

nstitutional review board of
ercy Health System; it also was

pproved for use by the Wisconsin
mergency Medical Services Bu-

eau. The project was instituted in
ock and Walworth Counties in

outh central Wisconsin. Each of
he four EMS regions instituted
he new prehospital resuscitation
rotocol at different times in
004: 1 in February, 1 in May, and
in June.
The cardiocerebral resuscita-

ion or CCR approach was as fol-
ows: EMS and law officer personnel used a protocol con-
isting of 200 continuous chest compressions performed
efore rhythm analysis. If a shockable rhythm was present,
single shock, instead of multiple or stacked shocks, was

iven. The postshock pulse check and rhythm analysis were
liminated, and continuous chest compressions were initi-
ted immediately following the shock. The technique of
hest compressions was taught with an emphasis on a rate of
00 per minute, the use of a metronome to insure a proper
hest compression rate, and emphasis upon full chest recoil
fter each compression. If only one responder was on the
cene, the automated external defibrillator (AED) pads were
ttached before chest compressions were initiated. Pulse
hecks were performed during rhythm analysis with the
ocation of the carotid pulse confirmed during the terminal
eriod of chest compressions.

Airway management was also modified in the new CCR
rotocol. Initial airway management was delayed until a
econd rescuer arrived and then consisted only of the place-
ent of an oral pharyngeal airway and administration of

xygen by nonrebreather mask. If the arrest was witnessed,
nd down time was less than 12 minutes, rescue breaths and
ssisted ventilations were not performed until after the re-
urn of spontaneous circulation or until after 3 cycles of
hest compressions followed by rhythm analysis with or
ithout a shock were completed. None of the patients re-

eived postarrest hypothermia.
This prehospital CCR protocol was to be used only in

CLINICAL SIGNIF

● Survival rates in
arrest, which ha
changed for 4 de
cally improved.

● This was accomp
hospital emerge
treatment from
cols based upon
cerebral resuscit

● These changes in
plified chest-com
emergency medi
ficer first respon
dults with a presumed cardiac arrest, that is, individuals a
ith a sudden unexpected collapse with absent or abnormal
reathing. Cases with a traumatic or presumed respiratory
rrest were treated with the standard CPR protocol.8

Whenever possible, AEDs were programmed to deliver a
ingle shock instead of stacked shocks and, if possible, a

shock at maximum joules. They
also were programmed, again if
possible, to pause 2 minutes while
the rescuer delivered continuous
chest compressions.

The EMS response is function-
ally a 3-tiered system for cardiac
arrest patients. First responders
are involved in most cases. These
first responders are radio-dis-
patched CCR-trained law officers
or EMS personnel who most often
are equipped with an AED. Sec-
ond tier municipal nonparamedic
ambulances are generally dis-
patched for each call. Paramedic
squads, either as the primary re-
sponding unit or one called to as-
sist in care, participate in all car-
diac arrest cases.

Rock and Walworth Counties
have areas of 720 and 555 square

iles, respectively. Their 2004 populations were 156 512
nd 98 334, respectively. The single 911 center in Rock
ounty gave standard CPR instructions to callers in the
001-2003 period and chest-compression-only instructions
fter May of 2004. None of the three 911 centers in Wal-
orth County gave CPR instructions. There were 582 first

esponder law officers in the 2 counties. Rock County had 2
unicipal paramedic squads with 60 members, and Wal-
orth County had 3 private paramedic squads with 50
embers. The 22 municipal nonparamedic squads in the 2

ounties had a total of 458 primarily volunteer emergency
edical technicians (EMTs).
Data were collected retrospectively for cases treated dur-

ng the 2001-2003 “control” period, when patients were
reated utilizing the then-standard CPR protocol. Data were
ollected prospectively during the “project” period in early
004 through May of 2005 after the institution of the new
CR protocol. Data for each of these periods was obtained

rom EMS run reports, 911 and dispatcher recordings, emer-
ency department and hospitalization records and, when
ecessary, conversations with rescuers involved in a case
nd physicians caring for the patient. Defibrillator/AED
ownloads were available only during the study period.
ndividual charts were created for each patient during the
rotocol period.

An arrest was designated as “witnessed” if someone at
he scene heard or saw the patient collapse. In a few in-
tances, cases were considered witnessed if a definable
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337Kellum et al Cardiocerebral Resuscitation
xisted between last contact and collapse. Initial rhythms
ere categorized as shockable or nonshockable. “Call-to-

hock” intervals were calculated using the time the 911 call
as received and the time of the initial defibrillation

ttempt.
As presented in the Figure, cases were excluded from the

nalysis of survival for the following reasons: if prehospital
reatment was either not initiated or was terminated in the
eld, if the patient had a Do-Not-Resuscitate order, if the
tiology of the arrest was noncardiac, if the arrest was
itnessed by an EMS rescuer at the scene, or if the patient
as younger than 16 years of age. The neurological status of

ach survivor at hospital discharge was obtained using the
erebral Performance Category (CPC) score.9 Neurologi-
ally “normal” survival was defined as a CPC score of 1.

ESULTS
uring the 3-year period when standard CPR was utilized

here were 92 adult patients with witnessed cardiac arrests
nd an initially shockable rhythm. Eighteen of these 92
atients (20%) survived, and 14 of these 92 (15%) survived
eurologically intact. After the CCR protocol was initiated,
here were 33 such patients. Nineteen of these 33 patients
57%) survived, and 16 of the 33 (48%) survived neurolog-
cally intact. The differences in both total survival and
eurologically normal survival are significant (Chi-squared

0.001).
As shown in the Figure, the prevalence of arrests con-

idered cardiac in origin, arrests that were witnessed, and
rrests with a shockable initial rhythm were similar in the
ontrol and project groups. Although none of the patients
ho suffered an arrest in the presence of EMS personnel
ere included in the survival analysis, the prevalence in the

wo groups was also identical.
A comparison of call-to-shock times for patients who

ad a witnessed arrest and an initially shockable rhythm is
resented in the Table. Among survivors, shocks were de-
ivered within 7 minutes in 87% of patients during the
tandard CPR control period and in 47% of the patients
uring the CCR project period. By 10 minutes, all of the
ontrol survivors had been shocked, compared with 84% of
roject patients. Eight of the 69 control patients (12%)
eceived an initial shock within 4 minutes, compared with 3
f 32 project patients (9%).

ISCUSSION
his is the first report of survival rates in out-of-hospital
ardiac arrest where the principles of cardiocerebral resus-
itation were employed in prehospital care.

Survival rates for adult patients with a witnessed arrest
nd an initially shockable rhythm were substantially im-
roved after institution of the new CCR protocol.

A recently published model10 of cardiac arrest due to
entricular fibrillation (VF) is helpful in discussing the new
CR protocol. This model points out that the pathophysi-

logy of VF arrest changes rapidly with the passage of time; l
he effect of an intervention is then dependent upon when
uring the arrest it is applied. This model conceptualizes an
rrest as consisting of three “time-dependent” phases de-
ned by interventions considered crucial to ameliorating the
nderlying pathophysiology. During the first or “electrical”
hase, which lasts about 4 minutes, the crucial intervention
s defibrillation. During the second or “circulatory” phase,
hich lasts from about minute 4 to about minute 10 (but
ay last longer), the crucial intervention is the generation of

dequate cerebral and coronary perfusion. The third or
metabolic” phase then follows.

During the first or “electrical” phase of arrest, which lasts
bout 4 minutes, the crucial intervention is defibrillation.
his is why early defibrillation is effective in a wide variety
f settings such as airports, airplanes, casinos, and in the
ommunity where AEDs are employed by bystanders and
esponse times are minimal.11-15 Early defibrillation was
sed in this project, when the arrest occurred in the presence
f EMS responders, but these cases were not included in the
witnessed” groups in the survival analysis (Figure).

Immediate defibrillation was not advocated in the new
CR protocol; instead, defibrillation was delayed until 200
hest compressions (2 minutes) were performed. This is a
ignificant deviation from standard CPR.8 The three-phase
ime-dependent model of VF cardiac arrest10 helps explain
ot only why this protocol change was made, but also what
mpact it may have had on survival. Rescuers seldom ar-
ived during the first 4 minutes, where immediate defibril-

Table Call-to-Shock Data for Patients in the Control and
Project Groups with a Witnessed Cardiac Arrest and an
Initially Shockable Rhythm

Number of cases per interval

Call to shock Alive Died

Interval (Min) Project Control Project Control

0
1
2 1
3 1 1
4 1 2 1 4
5 2 4 3 6
6 3 4 2 8
7 2 1 1 11
8 2 3 6
9 3 1 4
10 4 1 2 6
11 1
12 1 1 4
13 2
14 1
15
16 1
No. with data 19 15 13 54
No. without data 0 3 1 20
Total no. 19 18 14 74
ation is considered the crucial intervention; instead, most
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rrived during the “circulatory” phase of arrest, from about
inute 4 to about minute 10. During this phase, the crucial

ntervention is the generation of adequate cerebral and cor-
nary perfusion by chest compressions before defibrillation.
nfortunately, immediate defibrillation can be counterpro-
uctive if employed in this “circulatory” phase, or later, if
nadequate coronary perfusion exists.4,16-18

The third or “metabolic” phase is associated with very
ow survival rates.10 Hypothermia is the most promising
ntervention during this phase. Hypothermia was not ap-
lied to any of the patients herein reported.

The protocol of cardiocerebral resuscitation included not
nly 200 continuous chest compressions before but also
mmediately after defibrillation.4,5,7 The reason for the
ormer is based on two reports of increased survival when
efibrillation was preceded by a period of CPR. Wik and
ssociates18 used 3 minutes of CPR, and Cobb and associ-

igure 1 The number of patients in each subset of total case
004-2005 demonstration project period (D). DOA cases were cons
erminated in the field. DNR individuals had a valid do-not-resus
on-Cardiac or Unknown (information insufficient). An arrest w

hythms were designated as shockable or non-shockable. The neu
tes19 used 90 seconds of CPR before defibrillation. The r
ationale for immediately resuming chest compressions af-
er the single shock is that defibrillation often converts the
atient’s rhythm to asystole or pulseless electrical activity.4

oth of these rhythms require adequate coronary perfusion
f the patient is to return to a perfusing rhythm.4,5 If chest
ompressions are not promptly administered, pulseless elec-
rical activity soon deteriorates into ventricular fibrillation
r asystole.4

The project’s CCR protocol emphasized the crucial na-
ure of minimizing interruptions of chest compressions.
uch interruptions were to occur only during the switching
f personnel performing chest compressions or during
hythm analysis and defibrillation. Prolonged periods of
nterrupted chest compressions during AED rhythm analysis
ere avoided by delivering a single shock instead of stacked

hocks. Pulse checks were advocated during the rhythm
nalysis period, a time when chest compressions were al-

esented for the historical 2001-2003 control period (C) and the
“dead-on-arrival” and resuscitation was either not initiated or was

order in effect. The cause of an arrest was classified as Cardiac,
sidered “Witnessed” if collapse was either seen or heard. Initial

CPC scores for survivors are presented.
s is pr
idered
citate
as con
eady being temporarily interrupted. Locating the carotid
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339Kellum et al Cardiocerebral Resuscitation
ulse was done just before rhythm analysis, and, therefore,
he pulse without compressions could rapidly be deter-
ined. Single rescuers equipped with an AED avoided a

rolonged pause between stopping chest compressions and
efibrillation by applying the AED pads before initiating
hest compressions.

At the time these observations were made, the resusci-
ation guidelines20 recommended up to three “stacked
hocks, without intervening chest compressions” to achieve
efibrillation. The guidelines also recommended immediate
ostdefibrillation pulse checks. The CCR protocol deviated
rom these recommendations.4-7 Instead of stacked shocks,
single shock was utilized. As mentioned above, postshock
ulse checks were also eliminated. Rea et al21 recently
eported that the activities of rhythm reanalysis, stacked
hocks, and initial postshock pulse checks resulted in an
pproximately 30-second delay in reinstitution of chest
ompressions after shocks when AEDs were used. Post-
hock pulse checks generated useful information in only 1
f 50 patients. They found that these activities resulted in a
ow yield with regard to the balance between achieving or
etecting a pulse and initiating CPR. They concluded that,
one consideration would be to eliminate these activities
rom the resuscitation algorithm.”21

The CCR protocol’s airway and ventilation management
epresented another major deviation from the current guide-
ines.8 Rescue breaths and assisted ventilation were not
erformed during the initial phases of treatment for patients
ith witnessed arrest and an initially shockable rhythm.
uring the initial phase of a VF cardiac arrest, the pulmo-
ary veins, heart, and the entire arterial system is filled with
xygenated blood. The goal of the CCR protocol was to
aximize time spent in circulating this oxygenated blood to

he brain and the heart. Studies of out-of-hospital cardiac
rrest in Europe have reported that bystander chest-com-
ression-only CPR resulted in outcomes similar to that of
tandard CPR where ventilations were added to compres-
ions.22-24 Animal studies indicate that interruptions of
hest compressions to provide rescue breaths diminishes
urvival. When chest-compression-only CPR was compared
ith standard CPR performed with a realistic 16 seconds to
eliver the 2 breaths, survival was substantially better with
hest-compression-only CPR.25

The CCR protocol also eliminated assisted ventilation in
he initial phases of prehospital EMS treatment.7 Instead,
irway patency was ensured and supplemental oxygen was
pplied via nonrebreather mask. The rationale for this ap-
roach is provided by studies demonstrating that positive
ressure ventilations increase intra-thoracic pressures, re-
uce venous return, decrease cerebral and cardiac perfusion
ressures, decrease the success of subsequent defibrillation,
nd decrease the survival rates in animal models.4,5,26-30

imited ventilations may be of benefit, but published ob-
ervations indicate that once ventilations are initiated, they
re almost always performed at rates far in excess of rec-

mmended rates.29,31 The improved survival herein re- l
orted supports limiting positive pressure ventilations dur-
ng the initial phase of treatment of patients with a
itnessed arrest and an initially shockable rhythm.
Continuous-chest-compression CPR is far easier to

each, learn, and recall; additionally, the training time is
ubstantially reduced when compared with standard basic
PR. This was observed in our law officer training sessions.
dditionally, it was our clear impression that the law officer
rst responders were substantially more receptive to a form
f CPR that did not involve mouth-to-mouth ventilation.
or this and the reasons mentioned above regarding airway
anagement and elimination of assisted ventilation, EMS

esponders utilized continuous-chest-compression CPR. We
lso advocate it for layperson training because these indi-
iduals often intervene during the initial phases of cardiac
rrest when perfusion is more critical than additional
xygenation.4-6

This report has limitations. First and foremost, it is an
bservational report with historical controls. The observed
mprovement in survival must therefore be viewed as pre-
iminary rather than definitive; one that needs to be con-
rmed by controlled trials. Because the project was imple-
ented by the EMS medical directors for the purpose of

mproving survival, multiple interventions were introduced
t the same time. It is therefore not possible to discern the
urvival advantage attributable to any one of the given
nterventions.

Secondly, all but one of the project patients was defibril-
ated within 10 minutes of the 911 call. The applicability of
he cardiocerebral resuscitation protocol to patients where
MS interventions are initiated after 10 minutes needs to be
ddressed in future studies. This is particularly important
ith regard to delaying active airway interventions and
entilations for three chest-compression-shock cycles. It is
f interest that one patient in the project group, with a
all-to-shock time of 12.8 minutes, survived neurologically
ntact.

Thirdly, the effect of the CCR protocol upon survival in
ases where the arrest is not witnessed or the initial rhythm
s not shockable, cannot be determined. During the CCR
rotocol period, advanced airway control and intravenous
edications were initiated as soon as rescuers with appro-

riate training and skills arrived. Survival in this group of
atients is so low that a much larger study would be needed
o delineate the impact of utilizing the CCR protocol before
killed rescuers arrived.

It is possible that the improved survival rates observed in
his report are in part due to the Hawthorne effect, that is,
mprovement attributable not to the cardiocerebral resusci-
ation protocol, but rather to knowledge by the participants
hat they were being observed in connection to outcomes.
here is no question that there was a change in attitude
mong the law officer and EMS personnel. They realized
hat these patients can be resuscitated and, as a result, their
xpectations and perhaps performance improved. Only

ong-term follow-up will determine what role the Haw-
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340 The American Journal of Medicine, Vol 119, No 4, April 2006
horne effect may have played, if any, in the improved
urvival rates observed.

This report is the first observation in man that survival
rom out-of-hospital witnessed cardiac arrest is enhanced by
he new paradigm of cardiocerebral resuscitation. Further
bservational or randomized controlled studies will be nec-
ssary to confirm these preliminary observations.
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