Downloaded By: [Bobrow, Bentley J.] At: 16:29 30 June 2008

ESTABLISHING ARIZONA’S STATEWIDE CARDIAC ARREST REPORTING AND
EDUCATIONAL NETWORK
Bentley J. Bobrow, MD, Tyler E. Vadeboncoeur, MD, Lani Clark, BS, Vatsal Chikani, MPH

ABSTRACT

Background. Only a few large cities have published their
out-of-hospital cardiac arrest (OHCA) survival statistics us-
ing the Utstein style reporting method. To date, to the
best of our knowledge there has been no published OHCA
survival data for a state. Objective. To describe the pro-
cess, benefits, and challenges of establishing a statewide
OHCA database and educational network. Methods. Ari-
zona’s Bureau of Emergency Medical Services and Trauma
System initiated a statewide, prospective, observational co-
hort review of all OHCA victims on whom resuscitation
was attempted in the field. Emergency medical services
(EMS) first care reports, voluntarily submitted by 35 depart-
ments in Arizona, were analyzed. We chronicled the de-
velopment of our data-collection process along with how
we obtained patient outcomes and delivered feedback to
field providers. Entry data included time intervals and
nodal events conforming to the Utstein style template.
Results. In data collected between January 1, 2005, and
April 1, 2006, there were 1,484 OHCAs reported, of which
1,104 were of presumed cardiac etiology occurring prior
to EMS arrival. The OHCA incidence was approximately
0.44 per 1,000 population per year. In our database, by-
stander CPR provided an odds ratio of 3.0 for survival
(95% confidence interval 1.3, 6.7). Outcomes for 1,076 pa-
tients were obtained. Thirty-seven (3.4%) of the 1,076 car-
diac arrest victims survived to hospital discharge. Twenty-
seven (8.6%) of the 331 ventricular fibrillation cardiac ar-
rest victims survived to hospital discharge. Conclusion. It
is feasible for a public health agency to implement a volun-
tary, statewide data-collection system and educational net-
work to determine and improve survival from OHCA. Key
words: CPR; cardiac arrest; Utstein style reporting; EMS
systems.
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INTRODUCTION

Cardiovascular disease is a leading cause of death in
the United States.! The annual incidence of sudden car-
diac arrest in North America is approximately 0.55 per
1,000 population,®® and out-of-hospital cardiac arrest
(OHCA) claims an estimated 250,000 lives each year.!*
Despite advances in emergency medical systems and
resuscitation science, OHCA continues to be a major
cause of death and remains a significant public health
problem.

There are a wide range of reported survival rates from
OHCA 2> The largest cities in the United States report
overall survival from OHCA to be 1% to 2%.”~ Other
systems have reported survival rates from 2% to 26%
depending on the population base, emergency med-
ical services (EMS) design, availability of automated
external defibrillators (AEDs), and rates of bystander
cardiopulmonary resuscitation (CPR).1°

While cardiac arrest survival is widely accepted as
a benchmark of EMS performance and a gauge for
the effectiveness of an EMS system, the vast majority
of communities in the United States do not routinely
collect or report their data in a standardized Utstein
style format.!! Prior to our program, to the best of our
knowledge no state had published such data. For any
state attempting to improve survival from OHCA, es-
tablishing baseline data and a cardiac arrest network is
fundamental.

In this article we describe the implementation of the
Save Hearts in Arizona Registry & Education (SHARE)
program and report the baseline OHCA survival rates.
We discuss major scientific and public health benefits
of such a program.

MATERIALS AND METHODS
Study Setting and Population

The State of Arizona encompasses 113,635 square miles
and 15 separate counties. According to the 2003 cen-
sus, Arizona had a population of 5.5 million, yield-
ing 48.4 persons per square mile. There were 2.8
million (51%) females and 2.7 million (49%) males.
The median age was 33.9 years. Twenty-eight per-
cent of the population was under 18 years and 13%
was over 65 years. The median income of house-
holds in Arizona was $40,762.12 For people reporting
one race alone, 78% were white, 5% were American
Indian or Alaska Native, 3% were black or African
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American, 2% were Asian, less than 0.5% were Native
Hawaiian or Pacific Islander, and 11% described them-
selves as another race.'?> Twenty-eight percent reported
their ethnicity as Hispanic.

The Arizona Department of Health Services (ADHS)
Bureau of Emergency Medical Services and Trauma
System (BEMSTS) establishes the scope of practice,
education, training, certification, and vehicle inspec-
tion guidelines for the EMS organizations in the state.
The BEMSTS regulates 10,063 emergency medical tech-
nician (EMT)-Basics, 141 certified EMT-Intermediates,
and 3,898 EMT-Paramedics. There are four EMS re-
gions that determine local prehospital protocols. A to-
tal of 167 public, private, and volunteer fire depart-
ments in Arizona are overseen by 101 EMS medical
directors. Eighty-four departments are municipal and
83 are rural. There are a total of 742 registered ground
ambulances in the state, along with 92 registered air am-
bulances. EMS response rates vary greatly among mu-
nicipal and rural systems. Dispatch is conducted differ-
ently throughout the state depending on local protocols
and resources. There are 107 hospitals in the Arizona
Hospital Association, with 64 of these receiving patients
by ambulance.

Study Design

This was a prospective, observational cohort review
of OHCA in which resuscitation was initiated in the
field and then reported to the SHARE program between
January 1, 2005, and April 1, 2006. A standard data-
collection tool and database were developed and study
variables were defined for each incident of cardiac ar-
rest. Entry criteria, time intervals, and nodal events con-
form to the Utstein style template.

Implementation

Support for this statewide data-collection program was
obtained from the ADHS after it designated OHCA as
a public health problem. The program was then pre-
sented as a voluntary initiative to Arizona’s EMS lead-
ers through the statewide EMS Council. The ADHS
BEMSTS highlighted the benefits of participation, such
as receiving outcome data for quality improvement and
resource justification. In order to facilitate participation,
our data-collection system purposefully did not require
additional EMS personnel and it allowed for individual
system choice when it came to the method of data sub-
mission. All potential participants were assured that
the submitted data and outcomes would be kept confi-
dential.

The Arizona BEMSTS established the SHARE pro-
gram as a means to address the public health problem
of OHCA. Because OHCA has been identified as a pub-
lic health issue in Arizona and the goal of the SHARE
program is quality improvement, the data collected are
exempt from the Health Insurance Portability and Ac-
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countability Act (HIPAA). Permission to publish de-
identified SHARE program data was obtained from the
ADHS Human Subjects Review Committee as well as

the University of Arizona Institutional Review Board
(IRB).

Data Collection

For this report, the data-collection period began on Jan-
uary 1,2005, and continued through April 1,2006. EMS
agencies and fire departments were asked to query
their patient care report systems for anyone receiving
CPR, defibrillation, or epinephrine who had no vital
signs upon EMS arrival. Participants then voluntarily
forwarded (via e-mail, fax, or regular mail) copies of
their completed EMS first care reports to the full-time
SHARE Program Research and Quality Improvement
(QI) Director. Some EMS systems elected to have an ad-
ministrative assistant perform this role, whereas other
EMS systems used EMTs positioned at their headquar-
ters. While Arizona does not have a standard statewide
EMS first care report form, there is a great deal of sim-
ilarity in the forms used by different systems. To en-
sure thorough and consistent reporting, documentation
training was given at the beginning of the program and
is conducted on an ongoing basis.

Data elements included in our enhanced Utstein style
database are manually extracted case by case by the
SHARE Program Research and QI Director who has
20 years’ experience collecting cardiac arrest data. Data
are entered into a secure Microsoft Access (Microsoft
Corp., Redmond, WA) database on a continual ba-
sis. The database is coded with a data dictionary, is
password protected, and resides on the secure server
at the University of Arizona Sarver Heart Center. To
ensure accuracy, data are cross-referenced among first-
responding EMS agencies, private transporting ambu-
lance companies, and, when necessary, available hos-
pital information.

The data points collected are survival to hospital dis-
charge stratified according to location of arrest, whether
the arrest was witnessed, presence of bystander CPR,
identification of CPR performer, mean EMS response
times, initial cardiac rhythm, time from 9-1-1 dispatch
to first shock, return of spontaneous circulation, and
neurologic and functional status for patients with hos-
pital discharge. Arrests are considered “witnessed” if
a bystander saw or heard the victim collapse. Initial
ventricular rhythms are categorized as shockable (ven-
tricular fibrillation or ventricular tachycardia [VF/VT])
or nonshockable. All time intervals are calculated using
the computer-aided dispatch (CAD) system. Collapse-
to-shock time is calculated using the EMS-estimated
time of collapse and the time the shock was delivered.
Dispatch-to-shock time is calculated using the time the
first EMS vehicle was dispatched to the time the shock
was delivered.
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Cases are excluded from the analysis for the following
reasons: resuscitation was not initiated, the patient had
a do-not-resuscitate order, the etiology of the arrest was
known to be noncardiac, or the arrest was witnessed by
EMS rescuers at the scene.

The SHARE Program Research and QI Director ob-
tains outcome data from the Arizona Department of
Health Services Office of Vital Statistics. When no death
confirmation is obtained after three months, survival is
verified through the relevant base hospital manager.
Follow-up is precluded because of insufficient docu-
mentation in less than 1% of the cases. Once survival to
discharge is confirmed, a formal letter is sent to patients
by the QI Director requesting a telephone interview.
Survivors have the option to refuse follow-up contact.

The benefit of this centralized system of data collec-
tion, while tedious and time-consuming, is that it grants
us the opportunity to screen all data for accuracy and to
give feedback to providers regarding their documenta-
tion. We believe that ensuring the integrity of prehos-
pital cardiac arrest data is crucial and that this is an im-
portant first phase of any large data-collection process.

Statistical Analysis

The data were entered into Microsoft Access for
Windows (Microsoft Corp., Redmond, WA) and trans-
ported into SPSS 14.0 for Windows (SPSS, Inc., Chicago,
IL) for statistical analysis. Continuous variables are pre-
sented as mean + standard deviation. A logistic re-
gression analysis was used to determine the survival
association of 1) the witnessed cardiac arrest group
compared with the unwitnessed group and 2) patients
who received bystander CPR compared with those who
did not receive bystander CPR, while adjusting for po-
tential confounders. A base model was adjusted for age,
gender, location of arrest, VF, and entire EMS dispatch-
to-arrival time interval. The final model included only
significant covariates.

REsuULTS

Data were obtained from 30 EMS systems, representing
nine of 15 counties and approximately 67% of Arizona’s
population (Fig. 1). There were 1,484 arrests, of which
1,104 were of presumed cardiac etiology occurring prior
to EMS arrival (Fig. 2). The incidence of OHCA was
approximately 0.44 per 1,000 individuals in the pop-
ulation per year. The average age of the victim was
66.5 years (Table 1). There were more males (65.4%), and
the majority of OHCA (67.7%) occurred in private res-
idences. There were 472 (42.8%) bystander-witnessed
arrests, and 632 (57.2%) arrests were not witnessed. By-
stander CPR was performed in 426 (38.6%) of the cases.
The median time interval from EMS dispatch to arrival
was 5.5 minutes. The initial thythm was recorded as 1)
VF/VT in 30%, 2) asystole in 48%, 3) pulseless electrical
activity (PEA) in 22%, and 4) other in 0.5% of the cases.
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For the 426 cardiac arrest patients receiving bystander
CPR, 171 (40.1%) of the providers had CPR training as
part of their job descriptions. When excluding the ar-
rests that took place at extended care or medical facil-
ities, the percentage of bystander CPR providers for-
mally trained in CPR fell to 12.6%. Layperson CPR was
performed in 255 of the 1,104 arrests (23.1%).

Eighteen percent of OHCA victims died in the field,
67.4% died in the emergency department, 11.2% died in
the hospital, and 3.4% survived to hospital discharge
(Table 2). Survival was highest in the group with an
initial rhythm of VE/VT (8.6%). The survival rate was
0.4% in cardiac arrest victims with an initial rhythm of
asystole and 2.6% in those with an initial rhythm of PEA
(Table 2).

The odds ratio of survival for witnessed arrests com-
pared with unwitnessed arrests was 9.3 (95% confi-
dence interval [CI] 2.7, 31.6). The odds ratio of survival
for cardiac arrest patients who received bystander CPR
compared with cardiac arrest patients who did not re-
ceive bystander CPR was 3.0 (95% CI 1.3, 6.7).

DISCUSSION

Out-of-hospital cardiac arrest continues to present both
a challenge and an opportunity for public health offi-
cials in the United States. OHCA is challenging because
of its high prevalence and mortality rate. The opportu-
nity lies in the potential for vastly improving survival
rates through an effective EMS system.

Evidence suggests that OHCA survival rates in the
United States remain persistently low. A study from
King County, Washington, demonstrated no improve-
ment from 1977 through 2001.13 In 2005, the American
Heart Association (AHA) made several modifications
to its CPR guidelines, including changing the recom-
mended compression-to-ventilation ratio from 15:2 to
30:2.1:1 This change was made by expert consensus
rather than scientific evidence because of the paucity
of available data. One of the objectives of the SHARE
program is to establish a baseline OHCA survival rate
that will enable us to determine the impact of future
interventions. We believe the enormous human and fi-
nancial impact of OHCA mandates coordinated and
concerted effort by EMS, scientific, and public health
communities.

Although some U.S. cities have established Utstein
style OHCA databases linked to patient outcomes, no
state has previously published this type of data.”® An
informal survey distributed to all state EMS directors
revealed that only Maryland maintained a statewide
prehospital cardiac arrest and AED registry linked to
patient outcomes. While the National Association of
State EMS Directors (NASEMSD) is working with its
federal partners at the National Highway Traffic Safety
Administration (NHTSA), the Health Resources and
Services Administration (HRSA), and the Centers for
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FROM COUNTY

FIGURE 1. Map of the included counties in Arizona.

Disease Control and Prevention (CDC) to develop a
national EMS database (the National EMS Information
System, or NEMSIS), at present there is no universal
process linking disparate EMS databases to allow anal-
ysis at local, state, and national levels.

The major objectives of the SHARE program are to
establish a reproducible OHCA database using the Ut-
stein style method of data collection and to determine
the survival rate for OHCA victims in Arizona. In this
initial report we present baseline data during a time pe-
riod when the state was following the 2000 AHA Guide-
lines for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care.’® Our 3.4% overall sur-
vival rate and 8.6% survival rate in victims with initial
rhythm of VE/VT are consistent with previously re-
ported survival rates for OHCA in adults.”~%1® We did
not present the results of every secondary data point
collected because they go beyond the scope of this re-
port.
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Role of Public Health

EMS systems vary in their ability to collect and ex-
amine patient and system data. Our initial discussions
with EMS leaders across the state regarding the ques-
tion of mandatory versus voluntary reporting led us to
choose a voluntary data-reporting system. Compliance
was achieved through presenting EMS partners with
the critical value of this process. We discussed how the
quantified data could be used for quality improvement
and by organizations in need of supplemental equip-
ment and human resources. We found that providing
EMS partners with quarterly reports of their own data
and frequent updates in face-to-face meetings maxi-
mized participation.

Public health agencies must have a method of accu-
rately measuring the efficacy of OHCA-associated in-
terventions. This is not possible without initially having
a coordinated system to continually obtain OHCA data.
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Confirmed Arrests with
Attempted Resuscitation
N= 1484

Exclusion
Noncardiac Cause N= 320
Arrest after EMS arrival N= 60

Cardiac Cause
N=1104

Arrest Not Witnessed Arrest Witnessed Witnessed Unknown
N= 632 (Bystander) N= 0-
N=472
[ | | |

Initial Rhythm Initial Rhythm Initial Rhythm Initial Rhythm

Asystole VE/VT PEA Other

N=127 N=218 N=122 N=5
Bystander CPR Bystander CPR Bystander CPR Bystander CPR

Yes= 46 Yes= 111 Ye s= 46 Yes=5

No= 81 No= 107 No= 76 No=0
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Never Achieved Return of Return of Spontaneous Return of Spontaneous
Spontaneous Circulation Circulation Circulation Unknown
N=1333 N=139 N=-0-

[ [ I
| I
Efforts Ceased Admitted to ICU Outcome Unknown
a. Diedin fieldN=35 N= 126 N=8
b.  Diedin EDN=303

Died in ICU Discharged from Hospital Outcome Unknown
N=81 Alive N=12
N=33

FIGURE 2. Utstein style flow chart. CPR = cardiopulmonary resuscitation; ED = emergency department; EMS = emergency medical services;
ICU = intensive care unit; PEA = pulseless electrical activity; VF/VT = ventricular fibrillation/ventricular tachycardia.

The institution of our uniform prehospital cardiac arrest
database hasled to a cardiacarrest network among EMS
agencies in the state where best practices for training,
equipment usage, documentation, and data collection
can be shared. The database also allows for participa-
tion in research consortiums focused on cardiac arrest
interventions.

The current model of cardiac arrest treatment is predi-
cated on quaternary prevention focusing efforts on sav-
ing the patient who has already suffered an OHCA.
With this program, we plan to address risk factors such
as hypertension and diabetes, in an attempt to prevent
OHCA.

Cost-Effectiveness

Our program has been implemented with minimal cost
to the participating EMS agencies. Most individual EMS
agencies do not have the infrastructure or resources to
continually collect, maintain, and analyze OHCA data
in a HIPAA-compliant Utstein style format. Addition-
ally, most individual EMS agencies do not have access
to outcome results on which to base their patient care.
Having a centralized data-collection system such as the

SHARE program gives EMS agencies valuable informa-
tion they would not have otherwise been able to obtain.
This information can then be put to use in improving
care—resulting in better OHCA outcomes. Each partic-
ipating agency receives a quarterly report of its cardiac
arrest statistics, feedback on its activity, and access to
the most current concepts in resuscitation care through
the SHARE website.

At present, the cost of this program is that of de-
livering the first care reports to our Research and QI
Director and the cost of our director’s time, which
is paid for by the state’s BEMSTS and the Univer-
sity of Arizona. No grant or research money is re-
quired. Our statewide data-collection network was im-
plemented with minimal cost because the effort was
distributed among many individuals at different EMS
agencies who were committed to its success and who
were able to participate during their hours of usual
employment.

Limitations

Participation in the SHARE program is voluntary, so
we do not have participation from every agency in the
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TABLE 1. Demographics of the Victims of Out-of-Hospital
Cardiac Arrest

% (n)*
Age, mean (SD) 66.5 years (17.1)
Gender

Male 65.4 (722)

Female 34.6 (382)
Location of cardiac arrest

Home 67.7 (747)

Medical facility or extended care 17.1 (189)

Other 15.2 (168)
Witnessed 42.8 (472)
Bystander CPR performed 38.6 (426)

Medical personnel 40.1 (171)

Layman 59.9 (255)
EMS dispatch-to-arrival time interval, mean 5.5 (min) (2.9) (9.0)
(SD) (90th percentile)

Initial rhythm
Ventricular fibrillation/tachycardia 30.0 (331)
Asystole 48.0 (530)
PEA 21.6 (238)
Other 0.5 (5)

*Data are expressed as percentage (number) unless otherwise specified.
CPR = cardiopulmonary resuscitation; EMS = emergency medical services;
PEA = pulseless electrical activity; SD = standard deviation.

state, and new participants continually join. This might
have resulted in some selection bias, with the more
productive agencies being more prepared and will-
ing to provide their reports. Additionally, our method
of data collection may not have resulted in the cap-
ture of all of the cardiac arrests for each EMS agency.
The EMS agencies were asked to query their patient
care report systems for anyone receiving CPR, defib-
rillation, or epinephrine who had no vital signs upon
EMS arrival. Some systems had sophisticated electronic
record-keeping mechanisms, while others simply had
to review each paper report by hand. EMS first care pa-
per reports are a potential source of incomplete data. We
attempted to mitigate this issue by carefully reviewing
the required data with providers before the start of the
program and by ongoing education and notification of
deficiencies.

While this was not a randomized, controlled trial of
OHCA, an observational approach has been used ef-
fectively over the past few decades to advance resusci-

TABLE 2. Outcomes of the Victims of Out-of-Hospital
Cardiac Arrest

0/0 (I'l)

Survival to hospital discharge (total) 3.4 (37)
Survival in arrests with initial rhythm as:

Ventricular fibrillation/tachycardia 8.6 (27)

Asystole 0.4(2)

PEA 2.6 (6)
Death

Called in the field, no transport 18.0 (194)

Called in the ED 67.4 (725)

Admitted, death in hospital 11.2 (120)

ED = emergency department; PEA = pulseless electrical activity.
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tation science, and it will probably continue to be the
major contributor to future advances in resuscitation.!”

Challenges/Successes/Opportunities

Asinanynovel voluntary program, the initial challenge
was encouraging participation. Participation expanded
quickly once departments became aware of the benefits
with regard to patient care, quality improvement, and
resource justification.

One anticipated hurdle is maintaining momentum
for the program and assuring its longevity. We believe
thisis bestaddressed by presenting EMS providers with
regular performance feedback and useful data for qual-
ity improvement.

We continue to build on the success of this pro-
gram by adding EMS systems and refining the data-
collection methodology. We plan on continuing to pro-
vide ongoing feedback to participating EMS agencies.
Our data will also be used as abaseline in our evaluation
of current efforts at mass-bystander continuous chest-
compression CPR training. Lastly, we havereceived IRB
approval and are in the process of administering stan-
dard quality-of-life surveys to survivors.

[Program Update: As of May 2008, the SHARE pro-
gram has expanded to include 67 EMS agencies encom-
passing approximately 80% of Arizona’s population.
The program has evolved to include public outreach to
educate laypersons and public safety officers in contin-
uous chest compression CPR. We are also tracking the
technique (chest compression only vs. standard), inci-
dence, and quality of CPR. The latest program addition
is an effort focusing on the implementation and moni-
toring of post-cardiac arrest care and outcomes through
a statewide cardiac arrest center consortium. ]

Our hope is that this work will facilitate the efforts
of other states attempting to create and maintain a
statewide cardiac arrest network.

CONCLUSION

It is feasible for a public health agency to implement
a voluntary, statewide, prehospital cardiac arrest net-
work that uses Utstein style data reporting for deter-
mining OHCA survival. A database such as this will
aid EMS and public health agencies in improving the
quality of cardiac arrest care and ultimately in increas-
ing survival.

The authors thank Doug Leach of the Arizona Department of Health
Services Office of Vital Records, and the EMS managers of Arizona
base hospitals for valuable assistance with outcome data. The authors
are also indebted to Paula Brazil, MA, (Department of Health Ser-
vices, Bureau of Emergency Medical Services and Trauma System) for
assisting in the preparation of this manuscript. Their sincere appreci-
ation goes to all EMS providers across Arizona who dedicate them-
selves to saving lives every day, often under extreme circumstances.
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