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Out-Of-Hospital Cardiac Arrest (OHCA) Study  

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 cardiopulmonary 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.  

Reporting Period: This report summarizes 
surveillance data collected during July 1, 
2011—June 30, 2012 in Sonoma and 
Mendocino Counties. 

Description of the System: In the first few minutes following OHCA, swift 
implementation of five critical actions by bystanders or emergency medical services 
(EMS) providers comprising a framework known as the "chain of survival" (Figure 1) 
can substantially increase the chances of survival from OHCA.  These actions should be 
undertaken regardless of the cause of the OHCA and include rapid activation of EMS by 
calling 911, rapid initiation of cardiopulmonary resuscitation (CPR), prompt application 
and use of an automated external defibrillator (AED), rapid delivery of advanced life 
support by EMS providers, and early post-resuscitative care.  Despite decades of 
research, median reported rates of survival to hospital discharge are poor *(7.9%) and 
have remained virtually unchanged for 3 decades.  Moreover, survival rates vary widely 
across the United States.  The likelihood of surviving an OHCA caused by ventricular 
fibrillation varies widely (range: 2%--35%), depending on the location of the OHCA 
event.  Without a reliable method to collect data in a uniform fashion, the effectiveness 
of different EMS systems and interventions cannot be compared.  Participation in an 
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*Represents comparison to the national average: Appendix F, Center for Disease Control (CDC) ”Out-
of-Hospital Cardiac Arrest Surveillance-Cardiac Arrest Registry to Enhance Survival 
(CARES), United States, October 1, 2005--December 31, 2010” 

**Refers to Appendix D:  TABLE 1. Glasgow-Pittsburgh Outcome Categorization of Brain Injury 
  

OHCA registry enables medical providers and EMS systems to compare patient 
populations, interventions, and outcomes and identifies opportunities to improve 
quality of care and ascertain whether resuscitation is provided according to evidence-
based guidelines. 

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

 

 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.  As of July 1, 2012 Coastal 
Valleys EMS Agency was enrolled in the CARES program and all cardiac arrests with 
presumed cardiac etiology in the Coastal Valleys region are entered into the registry.  
We completed a similar study hand collecting the CARES data points for the previous 
fiscal year and have calculated the results in the same manner and form as CARES. 

Results: During July 1, 2011—June 30, 2012 a total of 261 *(40,274) OHCA records 
were reported.  After noncardiac etiology arrests were excluded from the analysis (n = 
5), 256 *(31,689) OHCA events of presumed cardiac etiology (e.g., myocardial infarction 
or arrhythmia) that received resuscitation efforts in the prehospital setting were 
analyzed.  69.5% *(61.1%) of persons who experienced OHCA were male and the mean 
age at cardiac arrest was 59 *(64.0).  According to EMS agency protocols, 37.1% 
*(21.6%) of patients were pronounced dead after resuscitation efforts were terminated 
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*Represents comparison to the national average: Appendix F, Center for Disease Control (CDC) ”Out-
of-Hospital Cardiac Arrest Surveillance-Cardiac Arrest Registry to Enhance Survival 
(CARES), United States, October 1, 2005--December 31, 2010” 

**Refers to Appendix D:  TABLE 1. Glasgow-Pittsburgh Outcome Categorization of Brain Injury 
  

in the prehospital setting.  The survival rate to hospital admission was 25% *(26.3%), 
and the overall survival rate to hospital discharge was 12.1% *(9.6%).  Approximately 
46% *(36.7%) of OHCA events were witnessed by a bystander.  Only 41.4% *(33.3%) of 
all patients received bystander CPR, and only 0.39% *(3.7%) were treated by bystanders 
with an automated external defibrillator (AED) before the arrival of EMS providers. The 
group most likely to survive an OHCA is persons who are 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 30.4%. *(30.1%). 
Discharged with good or moderate cerebral performance **(CPC 1 or 2) 8.9% *(6.9%). 

Interpretation: CARES data has 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 communities 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. 
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Recommendations 

Prevention:  

The Cardiac Care Initiative within Mendocino and Sonoma Counties recognizes the 
importance of first preventing heart disease and encouraging healthy lifestyles. It is 
recommended that the EMS Agencies public information and education efforts include the 
key talking points developed by Public Health.  

Study, Out of Hospital Cardiac Arrest: 

The EMS Agency has completed this study of out of hospital cardiac arrest victims to 
understand current resuscitation success performance percentages. This study provides the 
baseline of key performance indicators and patient outcomes. This measurement will then 
be applied to future performance following the implementation of several initiatives, 
described below, to enhance survival. 

Cardiac Arrest Registry for Enhanced Survival (CARES): 

CARES is a national database designed to capture data from each phase of an out of hospital 
cardiac arrest.  The data includes medical priority dispatch, bystander CPR/public access 
AED, first response, transport, and hospital outcomes. CVEMSA was recently selected to 
participate in the registry and we have developed implementation plans for EMS and 
hospital providers. The goal of the registry is to provide a measurement of success which will 
allow for evidence based medical decisions. As programs and treatment policies are 
implemented we will closely monitor the impact of each on improved survival.  

Save Lives Sonoma and Mendocino Public Information and Education (PIE): 

This is a public information and education campaign. 
The primary goal of Saves Lives Sonoma is to provide 
mass training in “hands only” CPR. The concept has 
gained the support of many partnered agencies, i.e. 
CVEMSA, EMS providers, hospitals, Northern 
California Medical Associates (NCMA), the American 
Heart Association, and the American Red Cross.  With 
the addition of supporting agencies also came 
integration of our Public Access AED program into the 
core mission. Save Lives Sonoma has already trained 
thousands of people in our community. We anticipate 
the program will have tremendous growth as many 
other providers in our County are becoming involved.  
Smaller public information and education initiatives 
have begun in Mendocino County. The EMS Agency 
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will continue to support the growth and advancement of the Mendocino program. 

ATRUS: 

ATRUS is a web based registry which allows our PAED providers to submit their 
information and comply with the requirement to notify the LEMSA of the AEDs existence 
and its location. The program also allows for a maintenance reminder feature that helps the 
provider ensure compliance with device inspections. CVEMSA has recently adopted ATRUS 
as our registry and efforts are underway to populate the registry with existing PAEDs.  
ATRUS has an added feature which allows the device to be automatically dispatched by 
REDCOM in the event a cardiac arrest occurs in the vicinity of the device’s location.  
Additionally ATRUS has partnered with PulsePoint, formerly known as the San Ramon 
Valley Fire project. This partnership may provide many future product enhancements as 
PulsePoint brings added technologies to the ATRUS registry.  

STEMI System: 

CVEMSA developed a comprehensive STEMI System in 2006. The system includes the 
recognition of ST-Segment Elevation Myocardial Infarction in the pre-hospital setting and 
directs transport to an approved STEMI Center or cardiac catheterization laboratory.  The 
STEMI system continues to advance as technology and science continue to evolve and now 
includes direct transport of patients that experience out of hospital cardiac arrest and have a 
return of spontaneous circulation through resuscitative efforts to a STEMI Receiving Center.  
The EMS Agency served in an advisory capacity in the development of California State 
Regulations for development, implementation, and advancement of STEMI Specialty Care 
systems.   
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Coastal Valleys Survival Report 
July 1, 2011 – June 30, 2012

 
 

      

           

             
             
             
             
             
            

             
             
             
             
            

             
             
             
             
             
             
             
             
             
             
              

         Resuscitations Attempted -261 

            Non-cardiac Etiology- 5 

       
Cardiac Etiology - 256 

 

Witnessed by 911 Responder – 16 
*see page 9 Witnessed Arrest (Bystanders) - 118 

   

        Unwitnessed Arrest- 122 
 *see page 8  

 

Initial Rhythm VF/VT - 46 
Sustained ROSC in field = 22 

 

    Expired in field  
 1 

Admitted to ED - 45 

   Expired in Hospital  
                 31 

 

Discharged Alive - 14 

 Neurological Status 
CPC  1 = 10     CPC 2 =2    CPC 3 = 1 
            CPC 4 = 1 

Initial Rhythm Asystole – 31 
Sustained ROSC in field = 2 

Expired in Field 
              14 

Admitted to ED - 17 

 Expired in Hospital 
              16 

 

Discharged Alive - 1 

               Neurological Status 
          CPC 4 = 1 

Other Initial Rhythm – 41 
Sustained ROSC in field= 18 

   Expired in field 
                 4 

Admitted to ED - 37 

  Expired in Hospital  
 29 

 

Discharged Alive - 8 

 Neurological Status 
CPC  1 = 4     CPC 2 =2    CPC 4=2 

             

 

Cardiac Etiology Survival Rates 
Overall:               12.1% (31) 
Bystander Witnessed:      19.4 %(23) 
911 Witnessed:                  12.5% (2) 
Unwitnessed:                       4.9% (6) 
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  Unwitnessed Arrest ‐ 122 

Initial Rhythm Asystole – 85 
Sustained ROSC in field=6 

Initial Rhythm VF/VT – 16 
Sustained ROSC in field=4 

Other Initial Rhythm‐ 21 
Sustained ROSC in field=7

Expired in Field 
64 

Expired in Field 
5

Expired in Field 
6 

Admitted to ED ‐ 21  Admitted to ED ‐ 11 Admitted to ED ‐ 15 

Expired in Hospital 
19 

Expired in Hospital 
9

Expired in Hospital 
13 

Discharged Alive ‐2  Discharged Alive ‐ 2
Discharged Alive ‐ 2 

Neurological Status 
CPC 3=1   CPC 4= 1 

Neurological Status 
CPC 2= 2 

Neurological Status 
CPC 1= 2 
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  Witnessed by 911 Responder ‐ 16

Initial Rhythm Asystole – 2 
Sustained ROSC in field = 0 

Initial Rhythm VF/VT – 6 
Sustained ROSC in field=4 

Other Initial Rhythm – 8 
Sustained ROSC in field= 1 

Expired in Field 
0 

Expired in Field 
0 

Expired in Field 
1

Admitted to ED ‐ 2  Admitted to ED ‐ 6 Admitted to ED ‐ 7

Expired in Hospital 
2

Expired in Hospital 
4

Expired in Hospital 
7

Discharged Alive ‐ 0  Discharged Alive ‐ 2  Discharged Alive ‐ 0 

Neurological Status 
CPC 1 = 1  CPC 4 = 1 
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Appendix D 
TABLE 1. Glasgow‐Pittsburgh Outcome Categorization of Brain Injury58 
Cerebral Performance Categories (CPC) Overall Performance Categories (OPC) 

1. Good cerebral performance: Conscious, 
alert, and able to work and lead a normal life. 
Might have minor psychological or neurological 
deficits (mild dysphasia, noncapacitating 
hemiparesis, or minor cranial nerve 
abnormalities). 

1. Good overall performance: Healthy, alert, 
and capable of leading a normal life. Good 
cerebral performance (CPC 1) plus no 
functional disability from noncerebral organ 
system abnormalities. 

2. Moderate cerebral disability: Conscious. 
Sufficient cerebral function for part-time work 
in a sheltered environment or independent 
activities of daily life (dress, travel by public 
transportation, food preparation). Such patients 
may have hemiplegia, seizures, ataxia, 
dysarthria, dysphasia, or permanent memory or 
mental changes. 

2. Moderate overall disability: Conscious. 
Moderate cerebral disability alone (CPC 2) or 
moderate disability from noncerebral organ 
system dysfunction alone or both. Performs 
independent activities of daily life (dress, 
travel by public transportation, food 
preparation) or able to work part-time in 
sheltered environment, but disabled for 
competitive work. 

3. Severe cerebral disability: Conscious; patient 
dependent on others for daily support (in an 
institution or at home with exceptional family 
effort) because of impaired brain function. Has 
at least limited cognition. This category 
includes a wide range of cerebral 
abnormalities, from patients who are 
ambulatory but have severe memory 
disturbance or dementia precluding 
independent existence, to those who are 
paralyzed and can communicate only with their 
eyes, as in the locked-in syndrome. 

3. Severe overall disability: Conscious. Severe 
cerebral disability alone (CPC 3) or severe 
disability from noncerebral organ system 
dysfunction alone, or both. Dependent on 
others for daily support. 

4. Coma/vegetative state: Not conscious, 
unaware of surroundings, no cognition. No 
verbal and/or psychological interaction with 
environment. 

4. Same as CPC 4. 

5. Brain death: Certified brain dead or dead by 
traditional criteria. 

5. Same as CPC 5. 
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Introduction 

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 and that occurs outside of a hospital setting (1,2). While an OHCA 
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can occur from multiple 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 etiology (3--6).  

In the first few minutes following OHCA, swift implementation of five critical actions by 
bystanders or emergency medical services (EMS) providers comprising a framework 
known as the "chain of survival" (Figure 1) can substantially increase the chances of 
survival from OHCA. These actions should be undertaken regardless of the cause of the 
OHCA and include 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). Moreover, survival rates vary widely across the 
United States. The likelihood of surviving an OHCA caused by ventricular fibrillation 
varies widely (range: 2%--35%), depending on the location of the OHCA event (11). 
Without a reliable method to collect data in a uniform fashion, the effectiveness of 
different EMS systems and interventions cannot be compared. Participation in an 
OHCA registry enables medical providers and EMS systems to compare patient 
populations, interventions, and outcomes and identifies opportunities to improve 
quality of care and ascertain whether resuscitation is provided according to evidence-
based guidelines (2). 

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 communities to improve 
care and compare performance across systems (7). In 2006, 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 (14). 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 increasing 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 
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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 templates. 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 
participation 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 
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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 
department, 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 population of approximately 3 million persons. This phase 
helped in understanding how to work in a complicated and multijurisdictional 
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 
regarding 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 participating. At present the 
program has grown to encompass 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 participating 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.  

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 providers. Noncardiac 
etiologies (e.g., trauma, drowning, overdose, asphyxia, electrocution, primary 
respiratory arrest, or other noncardiac etiologies) are excluded from analyses. 

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 
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Minnesota) and managed by CARES staff. The web-based system is used for data 
collection, management, and reporting. Sites can readily 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. g 

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. 

EMS Agencies  
Data elements collected from EMS providers include demographic 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 rhythm, return of spontaneous circulation [ROSC], and prehospital 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 
considered 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 
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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 
therapeutic 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 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 participation in CARES has been 
concerns about federal patient privacy laws (14,20). In an effort to alleviate this concern, 
CARES provides 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 system, an electronic query 
algorithm is used to identify a cardiac arrest by searching patient records for data fields 
most likely to 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. 
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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 medical 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 incorporated 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. 

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. 
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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 medical 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 meeting 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 tachycardia. The chi-
square statistic was used to obtain differences between categorical variables. All p values 
<0.05 were deemed statistically significant. 

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 (standard 
deviation: 18.2), and 61.1% of cases occurred in males (n = 19,360). The proportion of 
persons with an initially shockable 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 nursing home or assisted living facility. The remainder of arrests took place in public 
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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 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 categories: 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 
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 
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CARES data are used for quality improvement and surveillance 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 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 tachycardia. 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 examining 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. 

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 disparities 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). 
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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 performance 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 improvement 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). 

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 
therapeutic hypothermia as a required data field for both EMS and hospital providers to 
determine the frequency of this post resuscitation 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 participation 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 collaboration between state and local EMS providers. 
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Limitations 
The data presented in this report are subject to at least six limitations. First, although as 
part of the audit process, participating 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 reporting 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 cannot 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. 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 generated 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 hospitalization 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 
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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. If a 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.nccd.cdc.gov/NCVDSS_DTM. As statewide CARES registries 
become available, the data will be used for state-specific OHCA surveillance efforts. 

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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