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Abstract

Problem/Condition: Each year, approximately 300,000 persons in the United States experience an out-of-hospital cardiac arrest
(OHCA); approximately 92% of persons who experience an OHCA event die. An OHCA is defined as cessation of cardiac
mechanical activity that occurs outside of the hospital setting and is confirmed by the absence of signs of circulation. Whereas an
OHCA can occur from noncardiac causes (i.e., trauma, drowning, overdose, asphyxia, electrocution, primary respiratory arrests,
and other noncardiac etiologies), the majority (70%-85%) of such events have a cardiac cause.

The majority of persons who experience an OHCA event, irrespective of etiology, do not receive bystander-assisted cardiopulmo-
nary resuscitation (CPR) or other timely interventions that are known to improve the likelihood of survival to hospital discharge
(e.g., defibrillation). Because nearly half of cardiac arrest events are witnessed, efforts to increase survival rates should focus on
timely and effective delivery of interventions by bystanders and emergency medical services (EMS) personnel. This is the first
report to provide summary data from an OHCA surveillance registry in the United States.

Reporting Period: This report summarizes surveillance data collected during October 1, 2005— December 31, 2010.

Description of the System: In 2004, CDC established the Cardiac Arrest Registry to Enhance Survival (CARES) in collaboration
with the Department of Emergency Medicine at the Emory University School of Medicine. This registry evaluates only OHCA
events of presumed cardiac etiology that involve persons who received resuscitative efforts, including CPR or defibrillation.
Participating sites collect data from three sources that define the continuum of emergency cardiac care: 911 dispatch centers, EMS
providers, and receiving hospitals. OHCA is defined in CARES as a cardiac arrest that occurred in the prehospital setting, had a
presumed cardiac etiology, and involved a person who received resuscitative efforts, including CPR or defibrillation.

Results: During October 1, 2005-December 31, 2010, a total of 40,274 OHCA records were submitted to the CARES registry.
After noncardiac etiology arrests and missing hospital outcomes were excluded from the analysis (n = 8,585), 31,689 OHCA
events of presumed cardiac etiology (e.g., myocardial infarction or arrhythmia) that received resuscitation efforts in the prehospital
setting were analyzed. The mean age at cardiac arrest was 64.0 years (standard deviation [SD]: 18.2); 61.1% of persons who
experienced OHCA were male (n = 19,360). According to local EMS agency protocols, 21.6% of patients were pronounced
dead after resuscitation efforts were terminated in the prehospital setting. The survival rate to hospital admission was 26.3%, and
the overall survival rate to hospital discharge was 9.6%. Approximately 36.7% of OHCA events were witnessed by a bystander.
Only 33.3% of all patients received bystander CPR, and only
3.7% were treated by bystanders with an automated external
Corresponding author: Amy L. Valderrama, PhD, National Center defibrillator (AED) before the arrival of EMS providers. The
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witnessed to collapse by a bystander and found in a shockable rhythm (e.g., ventricular fibrillation or pulseless ventricular tachycardia).
Among this group, survival to discharge was 30.1%.

A subgroup analysis was performed among persons who experienced OHCA events that were not witnessed by EMS personnel
to evaluate rates of bystander CPR for these persons. After exclusion of 3,400 OHCA events that occurred after the arrival of
EMS providers, bystander CPR information was analyzed for 28,289 events. In this group, whites were significantly more likely
to receive CPR than blacks, Hispanics, or members of other racial/ethnic populations (p<0.001). Overall survival to hospital
discharge of patients whose events were not witnessed by EMS personnel was 8.5%. Of these, patients who received bystander
CPR had a significantly higher rate of overall survival (11.2%) than those who did not (7.0%) (p<0.001).

Interpretation: CARES data have helped identify opportunities for improvement in OHCA care. The registry is being used
continually to monitor prehospital performance and selected aspects of hospital care to improve quality of care and increase rates
of survival following OHCA. CARES data confirm that patients who receive CPR from bystanders have a greater chance of
surviving OHCA than those who do not.

Public Health Actions: Medical directors and public health professionals in participating communities use CARES data to measure
and improve the quality of prehospital care for persons experiencing OHCA. Tracking performance longitudinally allows com-
munities to better understand which elements of their care are working well and which elements need improvement. Education
of public officials and community members about the importance of increasing rates of bystander CPR and promoting the use
of early defibrillation by lay and professional rescuers is critical to increasing survival rates. Reporting at the state and local levels
can enable state and local public health and EMS agencies to coordinate their efforts to target improving emergency response for
OHCA events, regardless of etiology, which can lead to improvement in OHCA survival rates.

Introduction 1) rapid activation of EMS by calling 911, 2) rapid initiation of
cardiopulmonary resuscitation (CPR), 3) prompt application
and use of an automated external defibrillator (AED), 4) rapid
delivery of advanced life support by EMS providers, and 5)
early postresuscitative care (7,8). Despite decades of research,
median reported rates of survival to hospital discharge are poor
(7.9%) and have remained virtually unchanged for 3 decades

9,10). M , ival rat idel the United
and that occurs outside of a hospital setting (7,2). While an ,10) OFEOVEL, SUIVIVAL FATEs Vary wide y across the Lnite

: ; - States. The likelihood of surviving an OHCA caused by ven-
OHCA can occur from multiple causes (i.e., trauma, drowning, . o1 . o o )

1 hoia. el ) ) ) tricular fibrillation varies widely (range: 2%-35%), depending
ovzr O}ie’ P YXI:;, clect ri)cu‘tlon, }f) rimaty resp 181;0%7 Saor/restsf on the location of the OHCA event (/7). Without a reliable
and other noncardiac Ct.IO og'les) » the majority (70%-85%) o method to collect data in a uniform fashion, the effectiveness of
such events have a cardiac etiology (3-6). . . .

. . o different EMS systems and interventions cannot be compared.
In the first few minutes following OHCA, swift implementa- Participation i . . .
) R - . articipation in an OHCA registry enables medical providers
tion of five critical actions by bystanders or emergency medical . . .

i ) o and EMS systems to compare patient populations, interven-

services (EMS) providers comprising a framework known as . . . .. .
tions, and outcomes and identifies opportunities to improve

the “chain of survival” (Figure 1) can substantially increase ity of d i wheth . ided
the chances of survival from OHCA. These actions should be quality of care and ascertain WRETher resusciration s provide
. according to evidence-based guidelines (2).

undertaken regardless of the cause of the OHCA and include

Out-of-hospital cardiac arrest (OHCA) is a leading cause
of death among adults in the United States. Approximately
300,000 OHCA events occur each year in the United States;
approximately 92% of persons who experience an OHCA die
(1). An OHCA is defined as cessation of cardiac mechanical
activity that is confirmed by the absence of signs of circulation

FIGURE 1. Critical actions needed to improve chances of survival of an out-of-hospital cardiac arrest

| Using the chain of survival

Rapid recognition and Rapid delivery of Early post resuscitative
activation of EMS via CPR started quickly = Early use of AED »| advanced life support = care
9-1-1

\J

Abbreviations: EMS = emergency medical services; CPR = cardiopulmonary resuscitation; AED = automated external defibrillator.
Source: Adapted from Travers AH, Rea TD, Bobrow BJ, et al. Part 4: CPR overview. 2010 American Heart Association guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care. Circulation 2010;122:5676-84.

2 MMWR / July 29,2011 / Vol.60 / No.8



Surveillance Summaries

Since the mid-1990s, the need for widespread, uniform EMS
data reporting has been well understood; both the National
Highway Traffic Safety Administration (NHTSA) and the
Health Resources and Services Administration (HRSA) have
highlighted the need for EMS data as a necessary foundation
for evaluating the effectiveness of EMS care and called for
the adoption of standardized data collection strategies and
linking prehospital patient care information with outcomes
(12,13). The American Heart Association (AHA) and other
international organizations have called for integrated methods
of data collection from EMS agencies, hospitals, and communi-
ties to improve care and compare performance across systems
(7). In 20006, the Institute of Medicine (IOM) noted that the
majority of EMS agencies cannot document their impact on
the communities they serve and recommended that the EMS
community collect, analyze, and use performance improvement
data (74). In 2008, AHA renewed its call for widespread data
surveillance and for making OHCA a reportable condition (3).
Healthy People 2020 (objective no. HDS-18) called for increas-
ing the proportion of OHCA events that receive appropriate
bystander and EMS care (15). In 2004, to develop a model
national registry that could measure outcomes and progress in
the treatment of OHCA, CDC collaborated with the Emory
University School of Medicine to establish the Cardiac Arrest
Registry to Enhance Survival (CARES), which collects data
to improve the quality of care and outcomes of patients who
experience an OHCA.

CARES utilizes Utstein-style definitions and reporting tem-
plates. The Utstein guidelines were first published in 1991 and
later updated in 2004 by the International Liaison Committee
on Resuscitation (ILCOR) to provide a uniform reporting
template to describe OHCA events (2,16). The Utstein style
was adopted by researchers and clinicians as a standard to use
for research and registry databases for the purposes of tracking
cardiac arrest in both in-hospital and out-of-hospital settings.
This template has been used in many published studies of
cardiac arrest and has contributed to a greater understanding
of resuscitation science and resuscitation guidelines (2). The
Utstein template can be used within hospitals, EMS systems,
or communities and enables identification of areas that need
improvement and comparisons across systems. It consists of
29 core data elements that allow for standardized resuscitation
terminology. The Utstein template stratifies arrests by witness
status (i.e., unwitnessed, witnessed by a bystander, or witnessed
by 911 responders) and then further stratifies arrests by initial
cardiac arrest rhythm. Utstein survival refers to survival to
hospital discharge of those cardiac patients whose arrest events
were witnessed by a bystander and that involved persons who
had an initial rhythm of ventricular fibrillation or pulseless
ventricular tachycardia. These patients are the most likely to

respond to CPR or defibrillation and are thus more likely to
survive an OHCA event.

CARES is a simple but robust registry of cardiac arrest events
that allows participating sites to enter OHCA-related data,
generate summary reports, and compare local data with similar
EMS systems elsewhere. The ultimate goal of CARES is to
help local EMS administrators and medical directors identify
when and where OHCA events occur, who is affected, which
elements of the response system are functioning properly and
which are not, and what changes can be made to improve
cardiac arrest outcomes (17).

Methods

CARES is funded by CDC through a cooperative agreement
with the Association of American Medical Colleges (AAMC),
which supports the academic medical community’s participa-
tion in CDC’s efforts to promote the prevention and control of
disease, injury, and disability. Since 2004, AAMC has provided
funding for the Department of Emergency Medicine at the
Emory University School of Medicine to implement CARES.
This report, the first to present OHCA surveillance data,
summarizes CARES data for October 1, 2005—December 31,
2010 from 46 EMS agencies in 36 communities in 20 states
(Table 1; Figure 2).

Recruitment and Selection of 911 Call
Centers, EMS Agencies, and Hospitals

CARES was first implemented in October of 2005 in
Atlanta, Georgia, a city in Fulton County served by a single
advanced life-support EMS, one first-responding fire depart-
ment, a single 911 computer-aided dispatch center, and 13
hospitals. Approximately 600 cases were entered during an
initial 12-month period of pilot testing and refinement before
the program was expanded to the rest of Fulton County and
the surrounding seven counties in the metropolitan Atlanta
area, an area encompassing 2,000 square miles with a popula-
tion of approximately 3 million persons. This phase helped in
understanding how to work in a complicated and multijuris-
dictional environment.

CARES began expansion to other communities in 2006.
Initially, several communities were invited to participate on
the basis of their ability or history of collecting data regard-
ing OHCA. After these agencies joined the registry, interest
in CARES began to grow. Other medical directors learned
about the registry through word-of-mouth at conferences and
meetings and contacted program staff to request participation.
Currently, CARES has a waiting list of sites interested in par-
ticipating. At present the program has grown to encompass

MMWR / July 29,2011 / Vol.60 / No.8 3
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TABLE 1. Out-of-hospital cardiac arrest surveillance participant demographics, by state — Cardiac Arrest Registry to Enhance Survival, United
States, October 1, 2005-December 31, 2010

State Agency/Site/Community Start date Census population data*
Alaska Anchorage Fire Department 1/1/2007 286,174
California Contra Costa County EMS 1/1/2009 1,041,274
California San Diego Fire/Rescue 7/1/2009 1,306,301
California San Francisco Fire Department 5/1/2009 815,838
California Santa Barbara County 4/1/2010 407,057
California Ventura County 7/1/2008 802,983
Colorado Denver Health EMS 1/15/2009 610,345
Colorado El Paso County 1/1/2009 604,542
Connecticut Stamford EMS 10/1/2008 121,026
Delaware New Castle County EMS 4/1/2009 534,634
Georgia Metropolitan Atlanta 10/1/2005 3,062,034
Kansas Sedgwick County 1/1/2010 490,864
Massachusetts Boston EMS 12/1/2007 645,169
Massachusetts Cambridge Professional Ambulance 1/1/2009 108,780
Massachusetts Springfield 5/1/2008 155,575
Michigan Kent County 4/1/2010 608,315
Michigan Oakland/Macomb County 1/1/2007 325,000
Minnesota Hennepin County 12/1/2009 1,156,252
Missouri Kansas City 11/1/2006 482,299
Nevada Las Vegas Fire/Rescue 8/1/2008 567,641
Nevada Reno EMS-REMSA 7/1/2009 219,636
North Carolina Durham County 1/1/2009 269,706
North Carolina Mecklenburg County EMS 4/1/2010 704,422
North Carolina Wake County EMS System 6/1/2007 897,214
Ohio Cincinnati Fire Department 8/1/2007 333,013
Ohio Columbus Fire Department 9/1/2007 769,360
Pennsylvania Penn State-Hershey EMS 1/1/2008 12,963
South Carolina Town of Hilton Head Island Fire and Rescue 7/1/2010 34,429
South Dakota Sioux Falls REMSA 1/1/2007 157,935
Tennessee Nashville Fire Department 10/1/2008 605,473
Texas Austin-Travis County EMS 10/1/2006 1,026,158
Texas Baytown EMS 1/1/2008 70,871
Texas Fort Worth Medstar EMS 4/1/2010 727,577
Texas Houston Fire Department 1/1/2007 2,257,926
Texas Plano Fire-Rescue 1/1/2009 273,611
Virginia Richmond Ambulance Authority 4/1/2009 204,451
Total 22,700,848

Abbreviations: EMS = emergency medical services; REMSA = Regional EMS Authority.
* Census 2009 estimates used for Census Population Data column as of August 13, 2010.

more than 40 communities in 23 states, representing 73
EMS agencies and more than 340 hospitals. Approximately
22 million persons reside in communities that are participat-
ing in CARES.

Participation in CARES is contingent on having complete
EMS coverage of a catchment area. In communities for
which multiple EMS providers service one catchment area,
all providers must participate to ensure capture of all OHCA
events within the respective service area. Communities need to
establish contacts at their local hospitals to provide emergency
room and hospital data. Participating agencies also must ensure
through routine audits of paper or electronic records that all
of their OHCA events are being reported.

4 MMWR / July 29,2011 / Vol.60 / No.8

Case Definition

CARES includes data on persons of any age who have an
OHCA event and who receive resuscitative efforts (e.g., CPR
or defibrillation). Patients with obvious signs of death (e.g.
rigor mortis or dependent lividity) or for whom a “do not
resuscitate” (DNR) order is respected are not included. The
event must have occurred as the result of a presumed cardiac
etiology on the basis of the clinical judgment of the care provid-
ers. Noncardiac etiologies (e.g., trauma, drowning, overdose,
asphyxia, electrocution, primary respiratory arrest, or other
noncardiac etiologies) are excluded from analyses.



Surveillance Summaries

FIGURE 2. Cardiac arrest surveillance participant sites — Cardiac Arrest Registry to
Enhance Survival, United States, October 1, 2005-December 31,2010
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template (2); 2) the National EMS Information
System (NEMSIS), created by a panel of
experts in 2001(/8); and 3) the Resuscitation
Outcomes Consortium, created by a network of
National Institutes of Health—funded research
institutions in 2006 (19). Each variable was vet-
ted by CARES staff, with input from an ad hoc
panel assembled at the National Association of
EMS Physicians Annual Meeting in 2004 (17).
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Case Ascertainment

EMS providers initiate the reporting process. The catchment
area of an EMS agency is defined as the regular area of response
that is determined locally and might be consistent with a county,
township, or municipal border. Regardless of how an EMS
agency’s area of response is defined geographically, it must allow
for capture of all OHCA resuscitation events in its area.

Data Collection

Three sources of data are linked to describe each OHCA
adequately: 1) 911 call center data (to provide incident address
and dispatch and arrival times), 2) EMS data (to describe ini-
tially recorded cardiac rhythm and treatment methods), and
3) hospital data. Hospital data (emergency department and
hospital outcome, hypothermia treatment, and neurologic
status at discharge) are requested only when the data are not
available already in the EMS record. If the resuscitation ends
in the emergency department before EMS providers leave the
hospital, this is documented in the CARES EMS report, and
no additional data are needed from the hospital. This helps to
decrease the data-reporting burden required of hospitals and
promotes and sustains participation in the program because
the majority of patients transported to the hospital die in the
emergency department.

If a community uses a unique identifier number, CARES
uses that number to link 911 call center, EMS, and hospital
datasets to form a complete record for each event. When a
unique number does not exist, the files are linked by matching
the patient name and age with the event time, date, and loca-
tion. To preserve patient confidentiality, individual identifiers

Four criteria were used to determine which
data elements to include in CARES: 1) whether the variable is
necessary to characterize an OHCA event, 2) whether it can be
defined clearly, 3) whether it can be measured objectively and
reported reliably, and 4) whether it can affect or measure the
outcome. For the variable to be included in CARES, all four
criteria have to be met. This iterative process produced a core
dataset of 31 elements (Figure 3). For consistency, NEMSIS
data definitions were used wherever possible. The CARES data
dictionary is available at https://mycares.net.

CARES data are compiled by using a Health Insurance
Portability and Accountability Act (HIPAA)—compliant, web-
based system developed by Sansio, Inc (Duluth, Minnesota)
and managed by CARES staff. The web-based system is used
for data collection, management, and reporting. Sites can read-
ily access their data and compare it with aggregate output of
the entire registry. Access to the site is restricted to authorized
users, who are prohibited from viewing data from another
agency or hospital.

911 Call Centers

Data elements collected from the 911 call centers include
incident location, the time that each 911call was received, the
time of dispatch for both first responder and EMS providers,
and arrival time at the scene. The data can be entered directly
online or uploaded in batched files from a computer-aided
dispatch center (CAD). Wide variation in how response time
elements are defined in each community prevents aggregation
of response time data on a national level. Instead, these data are
used routinely for local benchmarking purposes with historic
data used for purposes of comparison.

MMWR / July 29,2011 / Vol.60 / No.8 5
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FIGURE 3. Cardiac Arrest Registry to Enhance Survival data entry form — United States, October 1, 2005-December 31,2010
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Part B : Run Information

8 - Date of Arrest
/ /

First Responding Agency Hospital Destination

11 - Destination Hospital

Arrest Information

12 - Location Type 13 - Arrest Witnessed 14 - Arrest After Arrival of 911 Responder 15 - Presumed Cardiac Arrest Etiology
E :og-elggi;fience O Recreation/Sport [ witnessed Arrest [ Yes [ Presumed Cardiac Etiology

= Stl:e;f/HvL\j,; ing [ Industrial Place O Unwitnessed Arrest I No o Trauma

[ Nursing Home o Fa.\rm a RESPI@OW

[ Residence/Institution 0O ine / Quarry a Drowmng.

[ Physician Office/Clinic L Jail O Electrocution

[ Educational Inst. O Airport O other

[ Hospital [ other

Resuscitation Information

16 - Resuscitation Attempted by 911 Responder 17 - Was an AED Used During Resuscitation 18 - Who First Applied Monitor/Defibrillator, AED

O ves O Yes O Not Applicable
O No O No O Lay Person

L] AED Present ?“t not Used O Lay Person Family Member
19 - Who Initiated CPR O AED Malfunctioned O Lay Person Medical Provider
] Not Applicable O First Responder
a Lay Person #0f AED Shocks (m} Responding EMS Personnel

] Lay Person Family Member

a Lay Person Medical Provider
O First Responder # 0f Manual Shocks ED

m] Responding EMS Personnel

First Cardiac Arrest Rhythm of Patient and ROSC Information

20 - First Arrest Rhythm of Patient 21 - ROSC 23 - Out of Hospital Disposition 24 - End of the Event
O Ventricular Fibrillation O Yes O Resuscitation not initiated at scene due to [ Dead in Field
O Ventricular Tachycardia O No obvio_us signs _of death, DN_R, reSL_lscitation O Pronounced Dead in ED
O a | considered futile, or resuscitation is not i o
systole required O ongoing Resuscitation in ED
O Idioventricular/PEA ) o )
O unknown Shockable Rhythm 22 - Sustained ROSC [m] Resgscnatlon terminated at Scene_due to
O Yes medical control order, protocol/policy
O unknown Unshockable Rhythm O No requirements completed
[0 Transported to Hospital with or without
ROSC
Hypothermia Information
25 - Was hypothermia care provided in the field 26 - When was hypothermia care initiated
O ves O buring Resuscitation
O nNo O After Resuscitation

Hospital Information

27 - Emergency Room Qutcome 28 - Hospital OQutcome 29 - Discharge From The Hospital 30 - Neurological OQutcome At

O Resuscitation terminated in ED [ Died in the hospital O Home/Residence Discharge From Hospital

[ Admitted to ICU/CCU [ Discharged alive O Rehabilitation facility O Good Cerebral Performance

[ Admitted to floor [ Transferred to another O skilled Nursing Facility/Hospice [ Moderate Cerebral Performance

O Transferred to another acute acute care hospital [0 severe Cerebral Performance
care facility from the ED [ pPatient has not been disposed [ Coma, vegetative state

31 - Was hypothermia care initiated/continued in the hospital
O Yes
O No

. SH3001 (1 of 1), Rev 3, 04/06 Copyright 2008 Sansio (Page 1) .
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EMS Agencies

Data elements collected from EMS providers include demo-
graphic information (i.e., name, age, date of birth, address
of event, sex, and race/ethnicity), arrest-specific information
(i.e., location of arrest, witnessed versus unwitnessed arrests,
and presumed etiology), and resuscitation-specific information
(i.e., whether resuscitation was attempted, bystander initiated
CPR information, who initiated defibrillation, initial cardiac
rthythm, return of spontaneous circulation [ROSC], and pre-
hospital survival status).

The initial cardiac telemetry that is documented can identify
a shockable rhythm (one that is responsive to defibrillation,
including ventricular fibrillation and pulseless ventricular
tachycardia). Such patients are more likely to survive than those
patients whose rhythm is not shockable. Because a shockable
rhythm can deteriorate over time into a nonshockable rhythm,
the time of the initially documented rhythm also can be con-
sidered as a surrogate marker for the time from collapse in
those patients who are believed to have had a cardiac etiology
event, emphasizing the importance of minimizing delay until
defibrillation.

The data can be submitted in two ways: 1) online by using
a data-entry template on the CARES website, and 2) a daily
upload of records from EMS services that use an electronic
patient-care record system. Data entry checks have been
embedded in the software to help minimize errors and enhance
the accuracy of the data collection process. Each EMS agency
also has a method to make sure that all of its resuscitation
efforts are reported, which involves either an electronic query
of its e-PCR or a manual review of its paper charts.

Hospitals

Five data elements are requested from hospitals: 1) emergency
department outcomes (i.e., admitted, died, or transferred), 2)
hospital outcome (i.e., discharged alive, died, or transferred),
3) patient disposition (i.e., discharged home or transferred to
a second hospital, a rehabilitation facility, or a skilled nursing
facility), 4) neurologic outcome at discharge (i.e., the Cerebral
Performance Categories [CPC] Scale), and 5) whether thera-
peutic hypothermia treatment was provided.

Neurologic status at discharge is determined by using the
CPC Scale (Box). This scale is provided to hospital users
who indicate the cerebral performance of the patient as good
(CPC 1), moderate (CPC 2), severe (CPC 3), or in a coma
or vegetative state (CPC 4). Obtaining neurologic outcome
is required to measure the overall clinical outcome of each
OHCA patient. Because anoxic brain injury can occur within
4-6 minutes of collapse, communities with more favorable
outcomes (CPC 1 or CPC 2) would likely be more effective

BOX. Cerebral performance categories (CPC) scale

CPC 1. Good cerebral performance. Conscious,
alert, able to work; might have mild neurologic or
psychologic deficit.

CPC 2. Moderate cerebral disability. Conscious,
sufficient cerebral function for independent activities
of daily life. Able to work in sheltered environment.

CPC 3. Severe cerebral disability. Conscious,
dependent on others for daily support because of
impaired brain function. Ranges from ambulatory
state to severe dementia or paralysis.

CPC 4. Coma or vegetative state. Any degree of
coma without the presence of all brain death criteria.
Unawareness, even if appears awake (vegetative state)
without interaction with environment; might have
spontaneous eye opening and sleep/awake cycles.
Cerebral unresponsiveness.

Source: Safar P. Resuscitation after brain ischemia. In: Grenvik A, Safar P,
eds. Brain failure and resuscitation. New York, NY: Churchill Livingston;
1981;155-84.

might their bystander CPR rates and have shorter 911 response
times given the time-sensitive nature of this condition.

If EMS providers document ongoing resuscitation in the
emergency department, the CARES software automatically
sends the respective hospital contact a reminder via e-mail
that prompts the contact to log in to the CARES website and
provide the needed outcomes to expedite the data-collection
process. A hospital contact who logs in to the secure CARES
website is able to determine the patient’s name, date of birth,
and date of admission as entered by the EMS provider. The
hospital contact is then able to review a discharge summary
or hospital emergency room log and determine quickly the
survival status and neurologic outcomes requested.

Often, the primary obstacle to obtaining hospital participa-
tion in CARES has been concerns about federal patient privacy
laws (14,20). In an effort to alleviate this concern, CARES pro-
vides documentation to hospitals about rules related to sharing
information for public health purposes (17) and emphasizes
the security of the HIPAA-compliant process used to collect
and store the data.

Completeness of Case Ascertainment and
Data Validation

For agencies that utilize an electronic patient-care record sys-
tem, an electronic query algorithm is used to identify a cardiac
arrest by searching patient records for data fields most likely to
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identify the event. The software algorithm searches for records
in which the provider impression is documented as cardiac
arrest or defibrillation, CPR, or intravenous administration
of epinephrine (cardiac dosages) on the EMS report to ensure
a sensitive method of capturing all CARES events. Records
that are identified are matched against the CARES database
to ensure that all events were captured in CARES.

All participating EMS agencies ensure that all OHCA events
are reported to CARES by responding to a routine data audit
from CARES that requests confirmation that the number of
cases reported represents all of the cases in the agency’s medi-
cal records. Within CARES, the volume of OHCA events per
month is compared with historic monthly volumes. Whenever
a substantial decrease (i.e., >50%) occurs in the number of
events compared with the prior month’s total, the local EMS
agency contact is notified to determine if the variation was real
or the result of a lag in the data-entry process. Tracking regular
volumes by EMS and hospital providers also has encouraged
compliance with the monthly schedule of data entry.

A CARES data analyst provides data validation and reviews
every record for completeness and accuracy. Logic is incorpo-
rated into the software for direct online data entry to minimize
the number of incomplete fields and implausible data entries.
When a missing case is identified or incomplete data are
discovered during the ongoing data audit process, the EMS
providers who cared for the patient are asked to complete the
record or clarify the missing data elements. The proportion
of missing data ranges from a low of 1% for patient name to
a high of 25% for patient race/ethnicity. Missing records for
race/ethnicity are a result of certain communities deciding not
to provide these data rather than a result of incomplete data
entry by field providers.

Data Security

After a record has been audited and is considered complete,
the patient-specific unique identifiers are permanently stripped
from the record. The record is stored on the Sansio Inc. server
(Duluth, Minnesota) and is accessible only to CARES staff,
EMS agency providers, and hospitals that have been granted
permission with a secure login and password. CARES uses
a restricted-access Internet database that uses secure socket
layer encryption technology in transmitting protected health
information to its servers to ensure the integrity and privacy

of the data.
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Quality Improvement

CARES data are used to help communities benchmark and
improve their performance for OHCA care. CARES allows
participating communities to view their own statistics online
confidentially and compare their performance to anonymous
aggregated data at the local, regional, or national level. CARES
automatically calculates local 911 response intervals, delivery
rates for critical interventions (e.g., bystander CPR and public
access defibrillation [PAD]), and community rates of survival
and functional status at discharge, on the basis of each patient’s
CPC Scale. An annual report is provided to all participating
communities that summarizes local results in comparison to
regional and national benchmarks.

EMS agencies have continuous access to their data and can
generate survival reports by date ranges. Aggregate de-identified
survival reports are shared with all participating sites every 2
months in advance of a regular conference call with EMS medi-
cal directors and quality-improvement providers. A confidential
report that compares 1) overall survival rates, 2) survival rates
of witnessed arrests with an initial shockable rhythm, and 3)
bystander CPR rates by community is provided to each site in
a bar chart format (Figures 4-6). Starting in 2009, cumulative
(beginning October 1, 2005) and annual (calendar year) reports
have been generated. These detailed reports include patient
demographics, arrest information, and hospital outcomes. In
addition, EMS agencies and hospitals are able to query the
database for any combination of local outcomes.

CARES convenes a regular users-group conference call to
discuss data and quality improvement efforts. Topics have
included measurement of response time, public access AED
programs, dispatcher-assisted CPR training, and geomapping
efforts to facilitate targeted community CPR training. An in-
person meeting with site medical directors and registry staff
takes place annually and corresponds with a national EMS
medical directors conference.

Analytic Methods

Analysis of all OHCA events submitted to the registry during
October 1, 2005-December 31, 2010 was conducted using
SAS version 9.2 (SAS Institute Inc., Cary, North Carolina).
The overall survival rate was calculated for all patients meet-
ing the case definition.In addition, the Utstein survival rate
was calculated for a subgroup of patients whose OHCAs were
witnessed by a bystander and who had an intial cardiac arrest
rhythm of ventricular fibrillation or pulseless ventricular tachy-
cardia. The chi-square statistic was used to obtain differences
between categorical variables. All p values <0.05 were deemed
statistically significant.
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FIGURE 4. Cumulative overall survival rates, by participating emergency medical services agency — Cardiac Arrest Registry to Enhance Survival
(CARES), United States, October 1, 2005-December 31, 2010*
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* Agencies sorted by total number of out-of-hospital cardiac arrest events in CARES (from low to high; range: 18-5,434).

FIGURE 5. Cumulative Utstein survival rates, by participating emergency medical services agency — Cardiac Arrest Registry to Enhance Survival
(CARES), United States, October 1, 2005-December 31, 2010*
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* Agencies sorted by total number of out-of-hospital cardiac arrest events in CARES (from low to high).

T Utstein survival refers to survival to hospital discharge of persons whose cardiac arrest events were witnessed by a bystander and had an initial rhythm of ventricular
fibrillation or pulseless ventricular tachycardia (range: 0-598).
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FIGURE 6. Cumulative bystander cardiopulmonary resuscitation (CPR), by participating emergency medical services agency — Cardiac Arrest
Registry to Enhance Survival (CARES), United States, October 1, 2005-December 31, 2010*
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Abbreviation: CPR = cardiopulmonary resuscitation.

Agency

* Agencies sorted by total number of out-of-hospital cardiac arrest events in CARES (from low to high; range: 18-5,434).

Results

Characteristics of Participating
Communities

For 31,689 OHCA events, patient demographics (e.g., age,
sex, and race/ethnicity) and aspects of the event (e.g., witnessed,
unwitnessed, or bystander intervention) are reported (Tables 2
and 3). The mean age at cardiac arrest was 64.0 years (stan-
dard deviation: 18.2), and 61.1% of cases occurred in males
(n=19,360). The proportion of persons with an initially shock-
able rhythm (i.e., ventricular fibrillation or pulseless ventricular
tachycardia) was 23.7%, and 47.3% of arrests were witnessed
by a bystander, a first responder, or EMS personnel.

Characteristics of event location (e.g., home, street, and
airport) are reported (Table 2). Approximately 66.4% of arrests
occurred at a home or residence, and 13.5% occurred at a nurs-
ing home or assisted living facility. The remainder of arrests
took place in public locations. Retention of incident location
allows geographic information systems (GIS) to be used to
map events, so local EMS services can examine neighborhood
characteristics as well as individual factors and system issues
that might influence the likelihood of survival following an
OHCA event. Initial cardiac arrest rhythm and neurologic
status among survivors are stratified by age group (Figures 7
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and 8). An initial shockable rhythm occurred most frequently
among persons aged 35—49 years old and those aged 50-64
years. The proportion of survivors who achieved a good CPC
scale (CPC = 1) declined progressively by age group, beginning
with those aged 18-34 years through those aged >80 years.

An Utstein survival report divides arrests into three cat-
egories: unwitnessed, witnessed by bystander, and witnessed
by EMS personnel (Figure 9). The report then stratifies the
arrest by the type of initial cardiac arrest rhythm. This allows
for interpretation of Utstein survival rate (witnessed by a
bystander with ventricular fibrillation or pulseless ventricular
tachycardia as the initial cardiac rhythm), which was 30.1%
in this dataset (Table 3).

On the basis of local EMS agency protocols, 21.6% of
patients were pronounced dead after resuscitation efforts
were terminated in the prehospital setting. The survival rate
to hospital admission was 26.3%), and the overall survival rate
to hospital discharge was 9.6%. Although 36.7% of OHCA
events were witnessed by a bystander, only 43.8% of these
arrests involved persons who received bystander CPR, and
only 3.7% of those persons were treated with an AED before
the arrival of 911.

A subgroup analysis was performed among patients with
OHCA events that were not witnessed by EMS providers
to evaluate rates of bystander CPR. After exclusion of 3,400
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TABLE 2. Number* and percentage of persons who experienced and
who survived an out-of-hospital cardiac arrest?, by selected
demographic characteristics — Cardiac Arrest Registry to Enhance
Survival (CARES) United States, October 1, 2005-December 31,2010

TABLE 3. Number* and percentage of persons who experienced and
those who survived an out-of-hospital cardiac arrestt, by clinical
characteristics — Cardiac Arrest Registry to Enhance Survival (CARES)
United States, October 1,2005-December 31,2010

Experienced Survived Experienced Survived
Characteristic No. (%) No. (%) Characteristic No. (%) No. (%)
Age group (yrs) Presenting arrest rhythm
0-17 594 (1.9) 43 (7.2) VF/VT/unknown shockable rhythm 7,507 (23.7) 2,032 (27.1)
18-34 1,164 (3.7) 122 (10.5) Unknown unshockable rhythm 3,725 (11.8) 223 (6.0)
35-49 4,154 (13.1) 508 (12.2) Asystole 14,270 (45.1) 330 (2.3)
50-64 9,547 (30.2) 1,195  (12.5) Pulseless electrical activity 6,143 (19.4) 456  (7.4)
65-79 9,092 (28.8) 847 (9.3) Total 31,6455 (100.0) 3,041 (9.6)
>80 7,058 (22.3) 322 (4.6) Arrest witness status
Total 31,6095  (100.0) 3,037 (9.6) Witnessed by 911 responder 3,367 (10.6) 625 (18.6)
Sex Witnessed by bystander 11,627 (36.7) 1,762 (15.2)
Female 12,317 (38.9) 1,016 (8.2) Unwitnessed arrest 16,689 (52.7) 654  (3.9)
Male 19,360 (61.1) 2,026 (10.5) Total 31,6837 (100.0) 3,042 (9.6)
Total 31,6777 (100.0) 3,082 (9.6) Who first initiated CPR
Race/Ethnicity Bystander 10,534 (33.3) 1,193 (11.3)
American Indian/Alaska 176 (0.6) 21 (11.9) 911 responder 21,091 (66.7) 1,828 (87)
Native Total 31,625** (100.0) 3,021 (9.6)
Asian 456 (1.4) 52 (11.4) Who first applied AED/monitor
Black/African-American 8,576 (27.1) 665 (7.8) Bystander 1,166 (3.7) 274 (23.5)
Hispanic/Latino 1,688 (5.3) 159 (9.4) 911 responder 30417 (96.3) 2,766 9.1)
Native Hawaiian/Pacific 174 (0.6) 16 (9.2) Total 31,583t (100.0) 3,041 (9.6)
Islander ROSC in field
Unknown 8,235 (26.1) 833  (10.1) Yes 10,895 (34.4) 2,860 (26.3)
White 12,301 (38.9) 1,285 (10.4) No 20,786 (65.6) 180 (0.9)
Total 31,606** (100.0) 3,031 (9.6) Total 31,6815% (100.0) 3,040 (9.6)
Location of arrest Resuscitation outcome
Home/Residence 21,039 (66.4) 1,606 (7.6) Dead in field 6,831 (21.6) 0 (0)
Nursing home/Assisted 4,270 (13.5) 160 (3.7) Ongoing resuscitation in ED 17,063 (53.8) 3,042 (17.8)
living facility Pronounced in ED 7,795 (24.6) 0 ()
Public building 1,855 (5.9) 431 (23.2) Total 31,689 (100.0) 3,042 (9.6)
Street/Highway 1,526 4.8) 273 (17.9) Utstein events
Other 859 2.7 124 (144 Witnessed by bystander and found in 4,244 (13.4) 1,278 (30.1)
Physician office/Clinic 620 (2.0) 167  (26.9) shockable rhythm
Residence/Institution 406 (1.3) 36 (8.9) Witnessed by bystander, found in 2,087 (6.6) 703 (33.7)
Recreation/Sport facility 422 (1.3) 122 (28.9) shockable rhythm, and received
Industrial place 221 0.7) 36 (16.3) some bystander intervention (CPR
Hospital 117 (0.4) 15 (12.8) by bystander and/or AED applied by
Jail 134 (0.4) 15 (11.2) bystander)
Airport 137 (0.4) 37 (27.0) Overall survival
Educational institution 79 (0.2) 20 (253) Overall survival to hospital admission 8,326 (26.3)
Farm 4 (0.01) 0 (0 Overall survival to hospital discharge 3,042 (9.6)
Total 31,689 (100.0) 3,042 (9.6) With good or moderate cerebral 2,200 (6.9)
performance
*N=31,689.

T Defined in CARES as a cardiac arrest that occurred in the prehospital setting,
had a presumed cardiac etiology, and involved a person who received resus-
citative efforts, including cardiopulmonary resuscitation and/or
defibrillation.

§ Age data were missing for 80 persons.

f Gender data were missing for 12 persons.

** Race/Ethnicity data were missing for 83 persons.

Abbreviations: VF = ventricular fibrillation; VT = pulseless ventricular
tachycardia; ED =emergency department; CPR = cardiopulmonary resuscitation;
AED = automated external defibrillator; ROSC = return of spontaneous
circulation.
*N =31,6809.
 Defined in CARES as a cardiac arrest that occurred in the prehospital setting,
had a presumed cardiac etiology, and involved a person who received re-
suscitative efforts, including cardiopulmonary resuscitation and/or
defibrillation.
§ Presenting arrest rhythm is missing for 44 persons.
9 Arrest witness status is missing for six persons.
** Data on who initiated CPR are missing for 64 persons.
t Data on who first applied AED are missing for 106 persons.
55 Data on ROSC are missing for eight persons.
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FIGURE 7. Presenting arrest rhythm of persons who experienced an out-of-hospital cardiac arrest, by age group* — Cardiac Arrest Registry to

Enhance Survival, United States, October 1, 2005-December 31, 2010
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Abbreviations: PEA = pulseless electrical activitiy; VF = ventrical fibrillation; VT = pulseless ventricular tachycardia.
*N =0-17 years: 590; 18-34 years: 1,162; 35-49 years: 4,145; 50-64 years: 9,538; 65-79 years: 9,082; and >80 years: 7,046. Initial rhythm missing for 126 patients.

OHCA events that occurred after the arrival of EMS, bystander
CPR information was analyzed for 28,289 events (Table 4).
Whites were more likely to receive bystander CPR than blacks,
Hispanics, or persons of other races/ethnicities (p<0.001).
Among whites, 40.2% received bystander CPR, compared
with 32.8% of blacks and 33.7% of Hispanics. No significant
difference was noted in receiving bystander CPR between male
and female patients (p = 0.821). Persons who had a witnessed
event were more likely than persons whose event was not
witnessed to receive bystander CPR (43.8% versus 32.1%;
p<0.001), and an event that occurred in a public location had
a higher percentage of bystander CPR than one that occurred
in a private setting (48.3% versus 34.0%; p<0.001). Overall
survival to hospital discharge of patients whose event was not
witnessed by EMS was 8.5%. Of these, patients who received
bystander CPR had a higher rate of overall survival (11.2%)
than those who did not receive CPR (7.0%).

Discussion

CARES data are used for quality improvement and surveil-
lance efforts. The overall survival to hospital discharge rate
was 9.6%. This is higher than in certain previous reports
(6.7%—-8.4%) (10). CARES is a voluntary registry, and agencies
that choose to participate might have more resources to dedicate
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to quality improvement initiatives and thus might have greater
survival rates than other agencies. However, these low survival
rates for an OHCA event are of public health concern because,
despite advances in technology and resuscitation science, these
rates have remained virtually unchanged for >3 decades (10).
The Utstein survival rate in this dataset was 30.1%. Utstein
survival is defined as the rate of survival among persons whose
arrests were witnessed by a bystander and who had an initial
rhythm of ventricular fibrillation or pulseless ventricular tachy-
cardia. These patients have the greatest survival potential and
are the most likely to respond to CPR or defibrillation. Utstein
suvival provides a better measurement tool for determining the
effectiveness of an intervention, such as increased CPR training
within a community. Since Utstein survival is determined for a
subset of the overall dataset and represents patients who are most
likely to survive, Utstein survival rates are consistently higher
than overall survival rates. For example, a recent study examin-
ing the effectiveness of active compression-decompression CPR
showed an overall survival to hospital discharge rate of 10% in
patients who received standard CPR and an Utstein survival
rate of 27% in this same group (21). Patients who received
bystander CPR had a higher rate of overall survival (11.2%)
than those who did not receive bystander CPR (7.0%; p<0.01).
Improving community bystander CPR rates is an important
step towards improving OHCA survival.
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FIGURE 8. Neurologic status* among survivors of an out-of-hospital cardiac arrest, by age groupt — Cardiac Arrest Registry to Enhance Survival,

United States, October 1, 2005-December 31,2010
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Abbreviation: CPC = cerebral performance category.
* Neurologic status missing for 353 patients.

tN=0-17 years: 33; 18-34 years: 109; 35-49 years: 455; 50-64 years: 1,059; 65-79 years: 751; and >80 years: 282.

CARES data suggest that disparities exist in the provision
of bystander CPR by race/ethnicity. Whites were more likely
to receive bystander CPR than blacks, Hispanics, or persons
of other races/ethnicities. CARES data are used to analyze
neighborhood disparities regarding incidence of cardiac arrest
and low rates of bystander CPR. An analysis of CARES data
from Fulton County, Georgia, identified 14 census tracts with
a high incidence of OHCA and low rate of bystander CPR that
had more black residents, lower household income, and lower
education levels than other census tracts in the rest of Fulton
County (22). Interventions (e.g., increased CPR training and
AED placement) targeted at neighborhoods with these dispari-
ties are critical to the reduction of socioeconomic disparities
in OHCA events. CARES data reinforce previous research
indicating increased survival benefit when bystander CPR
occurred. A systematic review and meta-analysis of predictors
of survival determined that, for bystander CPR, the number
of persons needed to receive treatment to save one life was
24 patients in communities with high baseline survival rates
and 36 in communities with low rates of survival; this study
suggested that efforts to increase survival rates from OHCA
include targeted CPR training (10,22).

Two communities (Columbus, Ohio and San Diego,
California) are using CARES data to identify local health
disparities in both the provision of bystander CPR and AED

use. Using GIS mapping techniques, neighborhoods have been
identified that have high rates of cardiac arrest and low rates of
bystander CPR. These neighborhoods are now being targeted
using culturally sensitive CPR interventions developed with the
help of citizens from within these communities (David Keseg,
MD, Jim Dunford, MD, personal communications, 2011).

Data collected during the initial phase of the CARES program
(2005-2010) have helped participating communities identify
opportunities to improve care for persons who experience an
OHCA event. The registry can be used to monitor EMS per-
formance and selected aspects of pre-hospital care to improve
treatment and increase rates of survival following an OHCA
event. CARES data confirm that patients who are helped by
bystanders and who are treated promptly by EMS providers in
the field are most likely to survive.

Tracking performance longitudinally will help communities
better understand which elements of the response system are
working well and which elements need improvement. The
2010 American Heart Association Guidelines for CPR and
Emergency Cardiovascular Care describe the quality improve-
ment elements of a resuscitation system as 1) systematic
evaluation of resuscitation care and outcome, 2) benchmarking
with stakeholder feedback, and 3) strategic efforts to address
identified deficiencies (8).
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FIGURE 9. Utstein survival report showing survival for out-of-hospital cardiac arrest, stratified by witness category — United States, October 1,
2005-December 31,2010
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Abbreviations: ROSC = return of spontaneous circulation; VF = ventricular fibrillation; VT = pulseless ventricular tachycardia; CPC = cerebral performance category;
ED = emergency department; expired = died.
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FIGURE 9. (Continued) Utstein survival report showing survival for out-of-hospital cardiac arrest, stratified by witness category — United States,
October 1, 2005-December 31,2010
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Abbreviations: ROSC = return of spontaneous circulation; VF = ventricular fibrillation; VT = pulseless ventricular tachycardia; CPC = cerebral performance category;

ED = emergency department; expired = died.
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FIGURE 9. (Continued) Utstein survival report showing survival for out-of-hospital cardiac arrest, stratified by witness category — United States,
October 1, 2005-December 31,2010
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ED = emergency department; expired = died.
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TABLE 4. Number* and percentage of persons who experienced an out-of-hospital cardiac arrest’ that was not witnessed by a 911 responder
and who received cardiopulmonary resuscitation (CPR) from a bystander, by selected demographic and clinical characteristics — Cardiac Arrest
Registry to Enhance Survival (CARES), United States, October 1, 2005-December 31,2010

Patients Bystander CPR No bystander CPR
n = 28,289 n=10,436 n=17,853
Characteristic No. (%) No. (%) No. (%)
Age group (yrs)$
0-17 574 (2.0) 199 (34.7) 375 (65.3)
18-34 1,059 (3.8) 380 (35.9) 679 (64.1)
35-49 3,726 (13.2) 1,227 (32.9) 2,499 (67.1)
50-64 8,495 (30.1) 3,020 (35.6) 5,475 (64.4)
65-79 8,082 (28.6) 3,084 (38.2) 4,998 (61.8)
>80 6,288 (22.3) 2,512 (39.9) 3,776 (60.1)
Total 28,2241 (100.0) 10,422 (36.9) 17,802 (63.1)
Sex**
Female 10,928 (38.6) 4,041 (37.0) 6,887 (63.0)
Male 17,351 (61.4) 6,393 (36.8) 10,958 (63.2)
Total 28,2791t (100.0) 10,434 (36.9) 17,845 (63.1)
Race/Ethnicity$
Black/African-American 7,588 (26.9) 2,486 (32.8) 5,102 (67.2)
Hispanic/Latino 1,494 (5.3) 504 (33.7) 990 (66.3)
White 10,989 (38.9) 4423 (40.2) 6,566 (59.8)
Other 714 (2.5) 258 (36.1) 456 (63.9)
Unknown 7,432 (26.3) 2,738 (36.8) 4,694 (63.2)
Total 28,2178 (99.9)11 10,409 (36.9) 17,808 (63.1)
Arrest witness status$
Witnessed by bystander 11,617 (41.1) 5,087 (43.8) 6,530 (56.2)
Unwitnessed arrest 16,666 (58.9) 5,348 (32.1) 11,318 (67.9)
Total 28,283%** (100.0) 10,435 (36.9) 17,848 (63.1)
Location of arrest$
Private 22,592 (79.9) 7,683 (34.0) 14,909 (66.0)
Public 5,697 (20.1) 2,753 (48.3) 2,944 (51.7)
Total 28,289 (100.0) 10,436 (36.9) 17,853 (63.1)
Presenting arrest rhythm$
VF/VT/unknown shockable rhythm 6,620 (23.4) 2,779 (42.0) 3,841 (58.0)
Unknown unshockable rhythm 3,533 (12.5) 1,447 (41.0) 2,086 (59.0)
Asystole 13,448 (47.6) 4,691 (34.9) 8,757 (65.1)
Pulseless electrical activity 4,644 (16.4) 1,515 (32.6) 3,129 (67.4)
Total 28,245%** (99.9)11 10,432 (36.9) 17,813 (63.1)
Who first applied AED/monitor$
Bystander 1,149 (4.1) 1,115 (97.0) 34 (3.0)
911 responder 27,040 (95.9) 9,293 (34.4) 17,747 (65.6)
Total 28,189558 (100.0) 10,408 (36.9) 17,781 (63.1)
Overall survival rate 2,415 (8.5) 1,169 (11.2) 1,246 (7.0)

Abbreviations: SD = standard deviation; VF = ventricular fibrillation; VT = pulseless ventricular tachycardia; AED = automated external defibrillator.
*N = 28,289; excludes noncardiac arrest etiology, missing hospital outcome and initial CPR information, and events witnessed by emergency medical services
personnel.
 Defined in CARES as a cardiac arrest that occurred in the prehospital setting, had a presumed cardiac etiology, and involved a person who received resuscitative
efforts, including cardiopulmonary resuscitation and/or defibrillation.
§p<0.001 (chi-square).
f Data on age are missing for 65 persons.
*p=0.821.
t Data on sex are missing for 10 persons.
55 Data on race/ethnicity are missing for 72 persons.
19 Percentages might not equal 100% due to rounding.
*** Data on arrest witness status are missing for 6 persons.
1t Data on presenting arrest rhythm are missing for 44 persons.
835 Data on who first applied AED are missing for 100 persons.
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CARES data can be used to evaluate new interventions and
treatments in OHCA care and can guide targeted training
efforts within communities. In 2010, CARES included thera-
peutic hypothermia as a required data field for both EMS and
hospital providers to determine the frequency of this post resusci-
tation treatment. A pilot AED registry to track device usage and
map existing locations of devices at public sites is in the planning
stage. CARES records the address of a cardiac arrest event, enabling
the use of GIS technology to identify community-level disparities
related to bystander CPR and AED usage. As communities work
to increase training in bystander CPR, improve awareness of AED
availability, and use more effective CPR techniques, CARES data
can be analyzed to evaluate the success of these interventions and
contribute to improved survival on a local, regional, statewide,
or national level.

Starting in 2011, CARES is expanding to statewide par-
ticipation in Arizona, Hawaii, Minnesota, North Carolina,
Pennsylvania, and Washington. Statewide participation allows
enrollment of additional communities of different sizes and
population densities to be included in the registry. In addition,
state-level participation allows better communication and col-
laboration between state and local EMS providers.

Limitations

The data presented in this report are subject to at least six
limitations. First, although as part of the audit process, partici-
pating agencies are asked to confirm that all cardiac arrest cases
are included in the CARES registry, some cardiac arrests in a
community might be missed, resulting in selection or report-
ing bias. EMS field providers might fail to return patient care
documentation, and records with incorrect or missing name
and date of birth information make it difficult for hospitals to
locate the patient and provide a hospital outcome. CARES can-
not capture OHCA events when 911 or EMS are not notified,
resulting in lack of detection of some OHCA events. Second,
EMS providers work in high-stress environments and are
commonly collecting information after the event. Recall bias
among EMS providers, as well as bystanders, might affect the
quality of the data. Third, CARES primarily represents larger,
urban areas. The majority of communities in CARES have a
population of >200,000 persons. This could potentially create
a selection bias for denser populations, more infrastructure,
greater resources, and more established EMS systems, limiting
generalizability of CARES results. Expansion at the state level
allows CARES to be more inclusive and include communities
of varied size and population densities. Fourth, EMS providers
might vary on their interpretation of an event. Participants are
asked to classify an arrest as having a cardiac etiology, unless it
is known or likely to have been caused by a noncardiac cause.
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This is a process of exclusion and is based on clinical opinion.
The presumption of cardiac etiology could potentially cause
misclassification of the event. Fifth, since CARES is designed
as a registry system rather than a research database, it does not
capture highly detailed information on episodes of OHCA or
detailed treatment information. CARES does not measure the
rate, depth, or influence of interruptions in chest compressions,
which would help to understand better the effectiveness and
quality of CPR. Response time by EMS providers and first
responders is measured, but aggregate reports are not gener-
ated for benchmarking purposes because of concerns regarding
variation in how these times are measured. Finally, the data-
collection process protects the confidentiality of subjects by
de-identifying records once they have been deemed accurate
and complete. This prevents researchers from identifying and
contacting survivors or the next-of-kin of those who died,
which can limit understanding of patient outcomes after hos-
pitalization or the influence of community members efforts
during an OHCA event before the arrival of 911 responders.

Despite these limitations, which reflect the fact that public
health surveillance serves different goals than clinical research,
participation in CARES is provided at no cost to participants,
and the registry is easy to adopt and maintain. Personnel costs
related to data entry must be absorbed by participating agencies;
however, data-collection activity is limited to a small number of
high-impact parameters, which decreases the data-entry burden.
In addition, the data CARES collects focuses attention on the
performance metrics that matter most to EMS medical directors,
agency directors, and quality-assurance personnel.

Conclusion

The data provided in this report indicate the need for prompt
and effective resuscitation efforts. Provision of optimal care at
the scene is essential to survival. Ifa pulse is not restored before
EMS transport, additional efforts at the receiving hospital
almost invariably fail (23).

Education of public officials and community members about
the importance of increasing rates of bystander CPR far beyond
the current 33.3% and promoting use of early defibrillation by
lay and professional rescuers are critical to improving survival of
OHCA events. CARES data can be used at the community level
to target interventions (e.g., bystander CPR training and AED
placement) and assess their effectiveness. CDC uses CARES data
for cardiovascular surveillance efforts and makes data available
to the public at http://apps.nced.cde.gov/NCVDSS_DTM. As
statewide CARES registries become available, the data will be
used for state-specific OHCA surveillance efforts.


http://apps.nccd.cdc.gov/NCVDSS_DTM
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With expansion to state-level surveillance, CARES will
enable local and state public health departments and EMS
agencies to better coordinate their efforts. Such coordination
can improve the quality of EMS care and thus increase the
proportion of persons who survive an OHCA event.
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