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he goal of the 2009 American Heart Association (AHA)
Cardiac Arrest Survival Summit was to develop consen-
sus recommendations for implementation strategies to opti-
mize the care of patients with out-of-hospital sudden cardiac
arrest (OHCA). For the purposes of this conference, imple-
mentation was broadly defined as the translation of best
practices into common practice. The scope was the entire
system of care, including recognition and response by lay-
people, emergency medical services (EMS) dispatch, EMS
care, and hospital-based care. The conference planning com-
mittee included representatives from multiple disciplines
involved in all stages of cardiac amest care. Conference
participants included stakeholders from the lay public, EMS
systems, relevant clinical specialties, health insurance provid-
ers, and federal regulatory and funding agencies. Conference
speakers were either selected by the conference planning
committee on the basis of their content expertise or nomi-
nated by the organization they represented.
Before the conference, participants provided written input by
responding to a preconference questionnaire. The content of this

questionnaire is available in the online-only Data Supplement.
The questions were developed by the conference planning
committee. All responses were free text. The responses were
collated and distributed to the writing group for review. Writing
group members drafted preliminary recommendations based on
the survey results and the existing literature. These recommen-
dations were refined through conference calls with invited
speakers and panelists before the conference. Individual sessions
focused on epidemiology, incidence and outcomes monitoring,
systems of care, and culture change.

The initial conference sessions consisted of invited speakers
who highlighted key issues and presented evidence for best
practices. These presentations were followed by panel discus-
sions with audience participation. During the panel discussions,
the preconference draft recommendations were further modified.
The fourth session consisted of multiple breakout groups that
addressed issues of culture change among lay providers, EMS
providers, in-hospital providers, policy makers, and payers.
These sessions helped integrate the results of the preconference
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survey with the input of conference participants. A final session
discussed consensus recommendations. The writing group met
immediately after the conference to further refine the recom-
mendations, Writing teams generated drafts of individual sec-
tions that were then combined into a single document that was
distributed to the entire writing group for final comments,
corrections, and revision. The final version of the manuscript
was approved by all writing group members beforc it was
submitted for publication.

Monitoring and Reporting Incidence and

Outcomes of OHCA
OHCA is a common and usually lethal health condition that
affects from 235 000 to 325 000 people in the United States
each year.! Although overall mortality from coronary heart
disease has declined nationwide over the past 40 to 50
years,>? few communities have been able to achieve sustained
reductions in mortality after OHCA. There is at least a 5-fold
regional variation in survival after OHCA among sites par-
ticipating in the Resuscitation Outcomes Consortium (ROC).!
Moreover, large interhospital variations exist in rates of
survival to hospital discharge among patients admitted after
successful resuscitation from OHCA 4-¢ Such differences in
outcome after cardiac arrest do not appear to be fully explained
by differences in patient characteristics.” Rather, the high rate of
survival observed in some communities suggests that OHCA is
a treatable condition and that outcomes may depend on the
effectiveness of the system of care. Ongoing comprehensive
surveillance of OHCA events and outcomes through hospital
discharge is necessary to identify opportunities for improvement
so that all communities can achieve higher rates of survival.® The
absence of a national surveillance system is a barrier to such an
effort, and available resources are insufficient to support it on an
ongoing basis.

National Databases

The National EMS Information System (NEMSIS) is an
ongoing effort to standardize the collection of EMS data.?
NEMSIS is funded by the National Highway Traffic Safety
Administration, the Health Resources and Services Adminis-
tration, and the Centers for Disease Control and Prevention.
To date, all states and territories have committed to adopting
NEMSIS, which includes all patient encounters regardless
of whether the patient is treated for cardiac arrest. The use of
standardized data collection terms is a major advantage of
NEMSIS. However, events submitted by a given state may
not represent all EMS events occurring within that state
because the data collected in NEMSIS are based on self-
report and the criteria used to determine the types of EMS
events submitted to the NEMSIS data set vary by state.!
Because NEMSIS lacks detailed information about hospital
care and has a high rate of missing vital status at discharge, its
ability to monitor the effectiveness of interventions through-
out the continuum of care is limited.

The National Emergency Department Sample (NEDS) is a
large stratified sample of records related to visits to US
hospital-based emergency departments (EDs).'® NEDS,
which is supported by the Agency for Healthcare Research
and Quality, includes visits that result in hospital admission
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and those that do not. One advantage of NEDS is that it uses
stratification of group EDs into relatively homogeneous sub-
groups before sampling. But such data sets require collation,
verification, and deidentification, and there may be a delay
between the time of a visit and the inclusion of that visit in the
data set. Because not all patients who are treated by EMS for
cardiac arrest are transported, NEDS does not represent a
population base. Finally, NEDS excludes data clements that
could directly or indirectly identify individuals, hospitals, or
states. Therefore, it is currently not feasible to link individual
patient data from NEDS with existing EMS databases.

Multicenter, Statewide, and Regional Registries
The ROC is a clinical research network focused on prehos-
pital care of patients with cardiopulmonary arrest and severe
traumatic injury.!' It is funded by the National Institutes of
Health, the AHA, and other agencies. As part of its research
mission, the ROC maintains an ongoing registry of all OHCA
events assessed or treated by EMS personnel in 10 participating
geographic regions. The sole data coordinating center accepts
only deidentified data and regularly monitors the incidence of
cardiac arrest in participating communities in an effort to help
identify missing episodes. An important consideration is that the
sites were selected by competition and may not represent the
cardiac arrest experience in all US communities.

The Cardiac Arrest Registry to Enhance Survival (CARES)
is a voluntary registry of OHCA of cardiac etiology that was
initially funded by the Centers for Disease Control and
Prevention. CARES provides communities with a mechanism
to identify OHCA, to measure how well EMS personnel
perform key elements of emergency cardiac care, and to
determine outcomes through hospital discharge.1?13 After all
data on a case are entered into the registry, individual
identifiers are stripped from the record. CARES gencrates
standard reports that can be used to characterize the local
epidemiology of cardiac arrest and to help managers deter-
mine how well EMS systems are delivering OHCA care. An
advantage of CARES is its finite data set specific to OHCA.
A disadvantage is that voluntary participation may not gen-
erate representative samples of the OHCA patient population.

In 2004, the Arizona Department of Health began an initiative
to improve resuscitation outcomes from sudden cardiac arrest by
implementing a statewide cardiac arrest surveillance system.
The Save Hearts in Arizona Registry and Education (SHARE)
program began by identifying OHCA as a public health prob-
lem, SHARE supports a data collection system and benchmarks
system performance. Although participation in SHARE is vol-
untary, EMS systems receive regular reports to help identify
opportunities for improvement. In 2009, 80% of the state
population was covered under SHARE. Arizona recently began
a voluntary program for hospitals to be recognized as cardiac
arrest centers. As a result, resuscitation outcomes have improved
under the SHARE program. In 2005, the overall rate of survival
from OHCA in Arizona was 4% (11% for witnessed ventricular
fibrillation). Survival has tended to increase with the continued
implementation of each link in the chain of survival, and in
2009, overall survival was 10% (30% for witnessed ventricular
fibrillation).'*1%
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Table 1. Strategies to Continuously Monitor and Report
Incidence, Process Variables, and Ouicomes at the Local,
Statewide, and National Levels

Local OHCA care systems (EMS and receiving hospitals) should continuously
monitor and report process and outcomes related to OHCA for the purpose
of quality improvement

Local OHCA care systems (EMS and receiving hospitals) should participate
in statewide, regional, and national reporting systems for benchmarking
National standards for OCHCA data collection should be developed and used
by all EMS systems and receiving hospitals and should include a
mechanism for monitoring data quality

Funding should be provided for a national OHCA data collection and
reporting system

OHCA surveillance should be integrated with other national cardiovascular
surveillance systems

OHCA indicates out-of-hospital cardiac arrest; EMS, emergency medical
services.

The state of Maryland maintains a statewide cardiac arrest
surveillance system. The system is designed to provide complete
and accurate reporting of all patients with OHCA who receive
care through the 9-1-1 system. Although outcomes include
return of spontaneous circulation on ED arrival, data on survival
to hospital discharge are lacking. Data are collated and then
periodically reported back to hospital and EMS providers. These
data are used to compare process and outcomes in Maryland
with those of other locations through the use of standardized
templates.'® Minnesota, North Carolina, Pennsylvania, and
Washington have similar statewide cardiac arrest surveillance
systerns, each with varying degrees of participation.

Local Registries

Advantages of local registries include the potential for timely
review of individual cases and continuous quality improve-
ment. Disadvantages include the lack of external comparisons
with other systems. Several ROC sites maintain local regis-
tries in addition to participating in the network registry. The
existence of such dual registries allows pooling of resources.
Examples of local registries are discussed in Effective Sys-
tems of Out-of-Hospital Cardiac Arrest Care.

Consensus Implementation Strategies

The Institute of Medicine has recognized that emergency
medicine lacks a standard set of measures to assess the
performance of the full emergency and trauma care system in
all communities, as well as the ability to benchmark that
performance against statewide and national performance
metrics.'” In this respect, cardiac arrest is similar to other
acute life-threatening illnesses.

The writing group identified several strategies that are neces-
sary to monitor and report OHCA incidence, process of care, and
outcomes (Table 1). Although many factors rclated to cardiac
resuscitation may be of interest, a sustainable system requires
adoption of a finite standardized vocabulary. Ongoing data
verification and quality assurance are likely to be necessary
because prehospital data are collected either while providers
deliver time-dependent therapy in the ficld or afterward as they
juggle multiple competing responsibilities. Successful imple-
mentation of a surveillance system is likely to require reimburse-

ment to encourage organizations to provide high-quality data in
a timely manner and to improve performance.'®

Effective Systems of OHCA Care
Organization of the system of care appears to have a larger effect
on survival than patient factors.” The creation and maintenance
of an effective system for delivering optimal emergency medical
care are complex. Examining either systems with historically
good outcomes or systems in which change has improved
outcomes provides an opportunity to identify best practices that
can be broadly implemented. Key components of some of these
systems were described during the conference. A brief summary
of this discussion is provided below.

Seattle and King County, WA

Beginning in the late 1960s, Seattle was among the first
communities to implement a well-organized EMS system.
Physicians associated with the University of Washington
School of Medicine worked with other community leaders to
create a fire department—based system to deliver care quickly
to victims of OHCA. A few years later, others created a
similar system in King County outside Seattle.

Today, fire trucks in Seattle and surrounding King County
are staffed with firefighters trained as emergency medical
technicians—basic and equipped with automated external
defibrillators (AEDs) that arrive at the victim’s side within a
few minutes of the 9-1-1 call being received. Each member of
the firefighter team has a predetermined role such as control-
ling the airway, delivering chest compressions, or deploying
an AED. These roles are practiced periodically in drills at the
fire station.

In both Seattle and the suburban King County systems, there
are =15 full-time paramedics dedicated to ftreating serious
emergency conditions for every 100 000 residents.'® As a result,
each paramedic treats an average of ~=9 cardiac arrest patients
annually, and most have =10 years of field experience.'?

A multilevel review of quality of care is also performed for
all OHCAs treated by Seattle Fire Department staff. The
recording of the 9-1-1 call is reviewed to determine if the
cardiac arrest was identified at the time of the initial call and
if cardiopulmonary resuscitation (CPR) was delivered to the
victim. An experienced nurse reviews the voice and continuous
ECG and impedance waveform recordings from the AED to
document specific time intervals and to assess the fraction of
time in which chest compressions were given during EMS care
of the OHCA victim. A physician reviews any deviations from
optimal care, and feedback is provided to help firefighters
improve their response to the next event. Similarly, the care
provided by paramedics is closely reviewed. Should opportuni-
ties for improvement be noted during the case review, paramed-
ics meet with a system medical director. Recently, receiving
hospitals have been sent reports on the profile of care that they
delivered to surviving patients to encourage best practices such
as therapeutic hypothermia.

There is also accountability to the wider community, which
fosters system excellence. For example, both the Seattle and
King County systems report OHCA process and outcomes
cach year as part of an annual report. This report, reviewed by
public officials, is part of the public record.
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Finally, among the EMS workforces, there is an expecta-
tion of good outcome based on past success. This “peer
pressure” can drive improved performance.

Rochester, MN

Rochester is a typical medium-sized city with a population
that grew from 75 000 in late 1988 to 100000 in 2008. In
1988, AEDs were added to Rochester police cars to shorten
the time interval from the 9-1-1 call to defibrillation. At that
time, although the fire department was not the first responder
for cardiac arrest paticnts, the response interval for police in
the field was short at =5 minutes. The program was imple-
mented deliberately in plan-do-check-act cycles. On the basis
of the success of the program, AEDs were added to fire
rescue vehicles in 1998,

An important component of the success of Rochester’s
program is that it has been led by the same physician since its
inception. This individual fostered a culture that paid close
attention to detail. Today, when a 9-1-1 call is received, fire,
police, and EMS personnel all respond simultaneously. For
patients with ventricular fibrillation, the time from the 9-1-1
call to first shock is short, averaging =6 minutes. During
2006 to 2008, survival to hospital discharge for bystander-
witnessed events in which victims presented with ventricular
fibrillation exceeded 50%.?°

Philadelphia, PA

One potential source of variation in survival rates among
different communities is the difference in care that survivors
of OHCA receive after they arrive at a hospital. In 2004, a
group of physicians and nurses at the Hospital of the
University of Pennsylvania sought to optimize post—cardiac
arrest care by developing a comprehensive multidisciplinary
treatment protocol for patients resuscitated from OHCA. The
team met regularly over 18 months to develop a “bundle of
care” that could be reliably implemented 24 hours a day, 7
days a week, based on initial success with implementing a
resuscitation care bundle elsewhere.?! Key components of the
treatment bundle included therapeutic hypothermia, early
percutancous coronary intervention for ST-segment—eleva-
tion myocardial infarction, and early hemodynamic optimi-
zation. Multiple strategies were used to implement the pro-
tocol, including lectures, case reviews, and distribution of
memory aids. Patients were cared for by a small dedicated
group of physicians who measured outcomes and compared
them with historical controls. Before implementation of the
protocol, 22% of OHCA survivors admitted to the hospital
with a pulse survived to discharge. After implementation of
the protocol, the survival rate more than doubled to 50%.22

Richmond, VA

The goal of the Richmond EMS system is to create a high-
performance, cost-effective EMS system using technology. As
of 2009, patient-centered technology included the use of prehos-
pital 12-lead ECGs, continnous waveform capnography, wire-
less Internet access, and therapeutic hypothermia. The quality
focus has been on EMS advanced life support interventions
followed by care in a single receiving hospital. To optimize
delivery of postarrest expertise and to improve outcomes, in
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2007, a single central hospital was designated as the only
receiving center for survivors of OHCA. A small group of
experienced attending physicians and nurses deliver therapeutic
hypothermia to =50 cardiac arrest survivors annually at that
institution. Since the system changed, the overall rate of survival
to hospital discharge for EMS-treated OHCA patients improved
from 3% in 2001 to 16% in 2009. Of patients achieving return of
spontaneous circulation in the field who were treated with
therapeutic hypothermia, 52% survived to hospital discharge in
2009 compared with 25% in 2001.232¢

Essential Elements, Potential Benchmarks, and
Quality-Improvement Goals

On the basis of presentations and published literature, con-
ference participants identified a number of key elements
commonly found in high-performing systems. Uniformly, the
system is led by a medical professional, usually a physician,
who is dedicated to improving patient outcomes by paying
close attention to the implementation details of the system.
The community also contributes by providing high rates of
bystander CPR. The professional first response is usually rapid,
with the interval from receipt of the 9-1-1 call to EMS atrival at
the vietim’s side of =5 to 6 minutes or less in the majority of
cases. High-quality CPR is delivered with defibrillation with an
AED. Therapeutic hypothermia is initiated—typically in the
hospital setting—as the standard of care after restoration of
circulation, and many survivors undergo cardiac catheterization
shortly after arrival at the hospital. Finally, a mechanism is in
place to monitor outcomes and to provide feedback to
providers. Table 2 outlines essential elements identified by
conference presenters and participants. The writing group
also developed preliminary benchmarks that could be used by
EMS systems and hospital providers to optimize the overall
system of OHCA care.

Strategies for Implementing Optimized
Systems of OHCA Care

Conference participants were asked to consider strategies for
implementing and sustaining optimized systems of care for
patients with OHCA. Overall, changing the cultural percep-
tion of professional management of cardiac arrest was
thought to be fundamental to optimized implementation;
general strategies for cultural change are discussed below. In
addition, specific implementation strategies based on the key
system components outlined in Table 3 are addressed. Some
of these core strategies are described below,

Changing the Culture

Although some reports suggest that outcomes from OHCA have
not improved over time,=232¢ others have recently reported
improvement after implementation of new methods of resusci-
tation.?”* However, research showing that a given therapy is
effective does not guarantee the use of that therapy in practice.®®
Dissemination is the transfer of research results to decision
makers to change the behavior of patients or providers to
improve health. Implementation consists of identifying barriers
to use and actively overcoming them. Dissemination and imple-
mentation interventions used to date have had mixed effects at
best in various clinical disorders,31-3
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Table 2. Essential Elements, Benchmarking, and Quality-Improvement Goals for OHCA Care Systems

System Component

Key Element

Possible Benchmarks

Quality-Improvement Goal

Medical leadership: individual or
group of individuals who are
responsible for overall system
of OHCA care

Community

9-1-1/EMS dispatch

EMS

Hospital

Monitoring and reporting of annual

incidence and outcomes
Integration of out-of-hospital and
in-hospital care

Address economic issues

Bystander CPR

Public-access defibrillation

Rapid first response

Dispatch-assisted CPR

High-quality CPR and early
defibrillation

Specialized centers for treating
post—cardiac arrest patients

Multidisciplinary post-cardiac
arrest care treatment plan

Early PCI
Therapeutic hypothermia

Early hemodynamic optimization

Reliable early prognostication of
functional outcome

AICD placement

National median for rate of survival to
hospital discharge of patients with
EMS-treated OHCA

Report overall, VF, and non-VF initial
rhythm

National median for percentage of
patients who receive bystander CPR
after witnessed cardiac arrest

National median for percentage of
patients for whom an AED is used by
bystanders after a witnessed cardiac
arrest in a public setting

National median for time from 9-1-1
call to first responder on scene of an
OHCA

National median for rate of initiating
bystander CPR only after dispatcher
instruction

National median for rate of ROSC for
EMS-assessed and treated OHCA
Report overall, VF, and non-VF initial
rhythm

National median for rate of survival to
hospital discharge after ED arrival
with spontaneous circulation

Report overall, VF, and non-VF initial
rhythm

PCI door-to-balloon time <90 min for
past-cardiac arrest STEMI

Rate of therapeutic hypothermia
provided for qualified patients

Improve survival rate within system relative
1o 3-y rolling average

Improve rate of bystander CPR within
system relative to 3-y rolling average

Improve rate of AED use within system
relative to 3-y rolling average

Reduce time from 9-1-1 call to first
responder on scene within system relative
to 3-y rolling average

Improve rate of dispatcher-assisted CPR
within system relative to 3-y rolling average

Improve rate of ROSC within system relative
to 3-y relling average

Improve survival to hospital discharge rate
relative to 3-y rolling average

OHCA indicates out-of-hospital cardiac arrest; EMS, emergency medical services; VF, ventricular fibrillation; CPR, cardiopulmonary resuscitation; AED, automated
external defibrillator; ROSC, return of spontaneous circulation; ED, emergency department; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation
myocardial infarction; and AICD, automated implantable cardioverter-defibrillator.

The writing group believes that OHCA care provider organi-
zations, including EMS agencies and hospitals, can learn from
business organizations about how to implement and maintain a
culture of change to achieve broad and sustained improvement
in outcomes, There are 4 barriers to implementing change in an
organization,®® The first barricr is lack of understanding that
change is needed. For EMS agencies and hospitals that treat
patients with cardiac arrest, this need for change is driven by the
large regional and interhospital disparity in outcomes. The
second barrier is resource limitations, which force organizations
to change resource allocations. The third barrier is a lack of
desire among individuals to make changes. The final bartier is
institutional politics.

A tipping-point approach to implementing change should
be considered.?s Initial efforts to change should focus on local
opinion leaders who have a disproportionate influence in the

organization. For EMS agencies, such a leader could be the
medical director, shift supervisor, or person responsible for
training or quality assurance. Once such an individual is
committed to change, then that person’s achievements should
be highlighted to encourage others to change also. In the
unlikely event that individuals are not committed to change,
then consideration can be given to reassigning their duties.
Lecturing on the need for change is unlikely to succeed, so
the organization should seek to continuously experience the
realitics that make change necessary. For resuscitation orga-
nizations, this includes monitoring survival to discharge after
EMS-treated cardiac arrest. Resources can be redistributed
from activities that are high effort and low yield to those that
are low effort and high yield. For resuscitation organizations,
this might include shifting away from training and equipping
providers to obtain intravenous access to training providers
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Table 3. Implementation Strategies to Optimize OHCA Care Systems

Improving Survival After Qut-of-Hospital Cardiac Arrest 2903

System Component System Parameter

Strategy

Medical leadership: Individual or group of Monitoring and reporting of annual incidence and
individuals who are responsible for outcomes
overall system of QHCA care

Community Bystander CPR

Public-access defibrillation

9-1-1/EMS dispatch Rapid first response

Dispatch-assisted CPR

EMS High-quality CPR

Improved team performance

Hospital Multidisciplinary post-cardiac arrest care treatment
plan

Early PCI

Therapeutic hypothermia
Early hemodynamic optimization
Reliable early prognostication of functional outcome

AICD placement

Engage lay leaders in community
Integrate out-of-hospital and in-hospital care

Maintain continuous quality-improvement
program

Create performance incentives

Create accountability by public reporting
system outcomes

Celebrate saves

CPR training in schools

CPR training in the workplace
Public service messages
Just-in-time smartphone training
Performance incentives

EMS dispatcher—assisted CPR

AED deployment at all public buildings where
=1 cardiac arrests occur per year

AED mapping

Cell phone localization

Training in rapidly and accurately identifying
cardiac arrest

First-responder use (police and firefighters)

Automated systems to detect unwitnessed
cardiac arrest and to activate EMS

Dispatcher training

Real-time monitoring and feedback of CPR
quality, including compression rate, depth,
relaxation, and pauses

Team structure simulation training

Case review and outcomes feedback

Established multidisciplinary diagnostic and
treatment protocols

Regionalization of postarrest care to
specialized hospitals

OHCA indicates out-of-hospital cardiac arrest; GPR, cardiopulmonary resuscitation; EMS, emergency medical services; AED, automated external defibrillator; PCI,

percutaneous coronary intervention; and AICD, automated implantable cardioverter-defibrillator,
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and the public to deliver effective chest compressions.
Each organization will have different activities that require
redistribution of resources. Finally, a resuscitation organi-
zation should appoint a mentor who is highly respected,
knowledgeable about who supports change and who resists
it, and able to devise strategies and build the coalitions
necessary for change. The mentor can advise the change
leader of what is happening at lower levels of the
organization.

Medical Leadership

Identify a Leader or Leadership Group Who Will Assume
Overall Accountability for the System
In each of the systems highlighted at the conference, =1

champions spearheaded efforts to prioritize OHCA care in the
community. Although such a champion could, in theory, be any
stakeholder in OHCA resuscitation, frequently someone in the
medical field can mobilize the talent and resources needed for
the effort. A fundamental quality of such leaders is their ability
to build alliances and coalitions. In addition, successful leaders
have fostered accountability. The medical leadership is also
responsible for integration of community response, 9-1-1 dis-
patch, EMS care, ED care, and inpatient care. In many of the
systems highlighted during the conference, there was a strong
emphasis on integrating delivery of care. In terms of developing
medical leadership, the implementation strategies described in
this document should become an integral part of EMS fellow-
ship programs and/or EMS medical director courses. It is
essential that our new leaders have a clear understanding of the
issues and be engaged in the solutions.

Define the System and Obtain Buy-In and Resources
From All Stakeholders
Every effort should be made to define the system in a way that

engages all relevant stakeholders. In most cases, the system of
care should include local government officials, community
representatives, 9-1-1/EMS dispatch, EMS providers, and hos-
pital providers. A major challenge is defining the borders of the
system. In the case of a large municipal EMS system, the borders
can be defined by the response area of the EMS system and the
hospitals to which patients are delivered. In more rural regions,
multiple small EMS systems and their corresponding hospitals
may benefit from forming coalitions.

A valuable technique for gaining cooperation from competing
hospitals and EMS systems is to use an interested but unaffili-
ated group as an honest broker. Several options have been shown
to work effectively. In Arizona, the state health department
serves as a data repository and reporting system for EMS
agencies and hospitals participating in the OHCA system of
care,’ The North Carolina chapter of the American College of
Cardiology and the Duke Clinical Research Institute host the
Reperfusion of Acute Myocardial Infarction in Carolina Emer-
gency Departments (RACE) program with financial support
from all PCI hospitals in the state and private foundations. Other
areas have used the regional EMS agency,” the county medical
society, or a regional hospital council as the honest broker.

System Integration
A well-integrated system of care is needed to identify and

resolve any barriers to communication during patient care and to

collect data describing care, processes, and outcomes. In terms
of patient care, this could be written and verbal communication
between EMS providers and the receiving ED and between the
ED and inpatient unit. This is particularly important when
time-sensitive interventions such as percutaneous coronary in-
tervention are indicated. In terms of monitoring process and
outcome variables, accurate data recording requires the use of
well-defined parameters that are uniformly interpreted by all
providers (eg, EMS and hospital staff).

Another strategy to improve communication is to integrate
participants in the training process. For example, physicians
train EMS providers in resuscitation techniques, and EMS
providers train community members. It should be emphasized
that cach person who interacts with the patient has an impact
on the patient’s outcome.

Collect, Analyze, and Report Data on Incidence,
Outcomes, and Key Process Variables
Continuous evaluation of each component of the OHCA chain

of survival®-4° is fundamental to accountability with the goal of
improving OHCA outcomes. This is best achieved by a process
of continuous data collection, analysis, and reporting. In some
communities, annual reports of OHCA care are made public to
all stakeholders. The medical leader is held accountable for
significant gaps in quality of OHCA care and serves as a point
person for partnerships, strategic alliances, and even blame when
results are poor or kudos when results are good. Funding is often
a challenge to implementing continuous monitoring and report-
ing of incidence, outcomes, and process variables for a local
system of OHCA care. The primary cost is for personnel to
collect data, to perform data quality assurance and analysis, and
to generate reports. Much of this cost could be reduced if an
EMS agency could partticipate in a regional, statewide, or
national system for monitoring and reporting incidence and
outcomes. The Health Insurance Portability and Accountability
Act (HIPAA) does not preclude sharing data between entities as
part of a quality-improvement program for a system of care.
CARES uses a series of business use agreements that spell out
how the data are used. Health departments are exempt from
HIPAA, and Arizona uses the state health department to collect
data on OHCA. However, if the data will be used for research,
then HIPAA issues must be addressed as part of the institutional
review board approval process. In contrast, the ROC registry is a
research project conducted with institutional review board approval
using waiver of documented consent under minimal risk criteria and
confidentiality agreements to maintain compliance with HIPAA.

Identify the Weakest Links in the System
Benchmarks serve as useful metrics for resuscitation systems

to identify areas of weakness and to direct efforts toward
improvement. Ideally, these would be benchmarks derived
specifically for the setting, resources, and baseline perfor-
mance of the system (Table 2). In the absence of adequate
data to gencrate such benchmarks, consensus targets should
be developed and used. If performance falls below a specific
benchmark, stakeholders should examine process variables
related to that benchmark.

Implement Strategies to Improve the Weakest Links in

the System

There may be numerous weak links in an OHCA system of
care. Although it might seem appropriate to fry to fix
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everything at once, an approach that is more likely to be
successful is to prioritize and concentrate on 1 or 2 weak links
at a time. Specifically, the feasibility and resources available
to address any one specific process variable should be taken
into consideration. For 1 community, the weakest link could
be low rates of bystander CPR. For another it could be long
delays (>>10 minutes) in delivery of initial defibrillation.
Specific implementation strategies that optimize individual
process variables are described below,

Measure and Report Impact on Process Variables

and Outcomes

System improvements are unlikely to be sustained without
evidence that outcomes are also improved. This is especially
true when financial resources are involved. The duration of
the measurement period will vary with the process variable. A
reasonable approach is periodic examination of process data
(eg, quarterly) and outcomes data (eg, annually).

During the measurement period, relevant providers should
be given timely feedback on both process variables and
outcomes. If process variables were not affected by the
intervention, efforts should be made to determine why, and
alternative approaches should be identified and implemented.
If the intervention was successful and benchmarks were
achieved, then the next weakest link should be addressed.

Economic Issues
Although few will argue that improving the care and outcomes
for OHCA is a good thing, the resources required (data mea-
surement, infrastructure, and staff) can seem daunting. Given
competing demands for limited quality-improvermnent resources
in hospitals, EMS systems, and communities, establishing a
viable economic model for improving care would provide a
template for other communities interested in improving survival
from OHCA. However, the solutions are unlikely to be the same
for different communities, counties, and states. Successful mod-
els include basing the infrastructure in a municipal fire depart-
ment (Seattle), county health department (King County), state
health department (Arizona), hospital foundation (St. Cloud,
MN), countywide EMS agency (Austin-Travis County, TX),
local or state medical society, or local nonprofit organization.
In most communities, the resources required are not large.
Typically, 1 full-time employee can manage the data and
relationships for a population of 250 000 to 500 000. In King
County, a local tax levy supports EMS service delivery. In St.
Cloud, the St. Cloud Hospital Foundation funds a coordinator
to help with data management and community outreach.
Hospital leaders support this position because it improves the
health of the community. They have also measured the
funding stream, which has shown an increase in hospital
revenue with increasing survival.4!

Key Players in Implementing Strategies to
Optimize OHCA Care

Community

Bystander CPR is the most important contribution from the
lay community to the OHCA system of care. To improve
survival after OHCA, the AHA and its affiliates have devel-
oped community programs to raise public awareness of the
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signs of cardiac arrest and the importance of bystander
CPR.#2-# However, even (rained bystanders sometimes en-
counter intellectual and volitional barriers when it comes to
performing CPR. The traditional strategy has been to train as
many community members as possible. This approach of
periodic CPR training addresses the intellectual barrier by
teaching people how to perform CPR. Volitional barriers may
reflect a lack of confidence in performing CPR for fear of
doing it incorrectly or causing harm or reluctance to provide
mouth-to-mouth ventilation.#54¢ Simplified pre-event*’ or
“just-in-time™ instruction*® is associated with good CPR
process. Interactive video instruction might also improve
dispatcher-assisted chest compressions. 950

Another barrier to CPR is that people often forget their
training. Possible solutions include strategies to simplify what
needs to be remembered and to increase frequency of practice.
For example, mandatory CPR fraining in schools and at the
workplace could be conducted like fire drills. Then CPR be-
comes instinctive (ie, “It is my job/duty to do this™) and is
practiced routinely in a less stressful way to keep lay providers
ready for an acute event. Furthermore, frequent training of large
groups can be facilitated by the use of video self-instruction.*”
The potential effectiveness and public health impact of these
measutes are likely to vary among communities because of
available resources or program incentives.

Public outreach via the media (eg, public service an-
nouncements) could be used to better educate community
members that bystander CPR is a key component in the chain
of survival and saves lives. Lay providers must understand
that they are part of a “team” aligned with EMS with hospitals
serving as their backup. To enhance outreach efforts, public
service announcements should be sought from CPR champi-
ons such as cardiac arrest survivors.

Public-access defibrillation is the second key component in
community response. Community standards should be devel-
oped for strategic placement of AEDs in public settings where
cardiac arrest is common. Other strategies include Global Posi-
tioning System—based localization of the nearest AED that can
be accessed by 9-1-1 operators or via smartphones. Global
Positioning System mapping of AED deployment within a
community enables the medical leadership to investigate ways to
optimize deployment and to maximize the rate and timeliness of
AED use for cardiac arrest in public settings.

Ultimately, the sustainability of any CPR or AED program
is contingent on resource allocation and maintenance of close
collaborations between local EMS agencies, hospitals, and
key community stakeholders.”!

9-1-1/Emergency Medical Systems Dispatch

‘When a call for unscheduled medical assistance is received at a
public safety answering point, emergency medical dispatchers
seek to identify cardiac arrest rapidly and accurately.s? Formal
dispatch protocols and an ongoing quality-improvement process,
including the use of audits and feedback, should be used to
minimize response times for EMS providers. Accurate determi-
nation of “time 0 is essential; the first record is the time that the
telephone system identifies a 9-1-1 call, called trunk seizure
time. Providing telephone instructions on delivery of chest
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compressions and AED use to the caller is also vital because,
with encouragement, most bystanders can provide chest com-
pressions and use an AED, thus decreasing the time to treatment
and thereby improving survival,”>3

Emergency Medical Systems Providers

It has long been recognized that EMS providers improve rates of
survival from OHCA by providing CPR for the majority of the
duration of the rcsuscitation attempt,> timely provision of
first-responder defibrillation,?” and timely provision of advanced
cardiovascular life support by paramedics.>> Other components
associated with greater survival rates after OHCA are greater
provider experience,’-%% ongoing quality assurance of EMS
care,” and transport to hospitals that receive a high volume of
patients resuscitated from cardiac arrest or that have particular
technical capabilities.® Moreover, prearrival notification of re-
ceiving hospitals is recommended to reduce time to reperfusion
for patients who have ST-segment elevation on a prehospital
ECG after resuscitation from cardiac arrest.

Hospital Providers

The delivery of care to patients who achieve return of sponta-
neous circulation after OHCA is dependent on well-integrated
and complementary out-of-hospital and in-hospital care. The
AHA scientific statement on post-cardiac arrest syndrome
describes the complexity of both the cardiac arrest condition and
the care required to optimize outcomes.®! Therapeutic hypother-
mia has provided the proof of concept that interventions initiated
after return of spontancous circulation can improve out-
comes.%2-%¢ However, optimized post—cardiac arrest care in-
volves much more than therapeutic hypothermia. Comprehen-
sive post—cardiac arrest care requires multidisciplinary medical
teams that include providers from emergency medicine, cardi-
ology, critical care, neurology, and rehabilitation. It also requires
a multiprofessional approach involving physicians, nurses,
emergency medical technicians, respiratory therapists, pharma-
cists, and rehabilitation therapists. These organizational chal-
lenges contribute to the limited translation of advances in
post—cardiac arrest care to routine clinical practice.

To successfully undertake cultural change to improve post—
cardiac arrest carec among hospital providers, we can learn from
the experiences of other groups.6>%7 For OHCA, it requires
investment in and organization of in-hospital resources (equip-
ment, personnel, and triage systems) to care for survivors and a
change in culture to allow such programs to develop and
complement existing care for what are most often medically
complicated individuals. Tables 2 and 3 outline proposed key
elements and strategies for improving care and changing the
culture at the level of in-hospital care for OHCA survivors.

Efforts must also be made to integrate in-hospital care of
patients with OHCA. This involves ensuring that patients are
considered, when appropriate, for cardiac catheterization and
coronary reperfusion, therapeutic hypothermia, and hemody-
namic optimization. In some centers, post—cardiac arrest care is
provided by resuscitation or post—cardiac arrest teams, which are
composed of a select group of experienced medical and nursing
staff skilled in the management of post—cardiac arrest survivors.
For many hospitals, however, such a program is either not

feasible or not cost-effective because the number of post—
cardiac arrest patients treated is limited. A potential
solution supported by the AHA is the identification and
certification of specialized cardiac resuscitation centers to
treat patients who achieve return of spontaneous circula-
tion after OHCA.'® Conference participants also proposed
that The Joint Commission or another independent body
certify such centers rather than permit them to designate
themselves as specialized cardiac resuscitation centers.

Summary and Next Steps

Overall, optimizing implementation is the action most likely
to result in widespread improvement in survival after OHCA.
The communities discussed in this statement have succeeded
in improving OHCA survival rates because they were able to
change systems of care. Without exception, this has required
a dedicated champion who has marshaled human and finan-
cial resources and deftly built alliances among stakeholders.
Each community has found ways of integrating processes of
care in resuscitation management, as well as EMS and
hospital staff, to improve efficiencies in delivery of care.
Widespread expansion of these efforts will be limited unless
significant barriers are removed. The most important barrier
is the absence of a national system to continuously monitor
and report OHCA incidence, process variables, and out-
comes. Such a system would provide a mechanism to bench-
mark process variables and outcomes and to evaluate the
effectiveness of quality-improvement measures. This infor-
mation is also essential to foster accountability and to drive
change among the medical leadership, community, EMS
providers, and hospital providers. One solution proposed by
the AHA is to make OHCA a reportable disease.®

The second major barrier is greater involvement of the lay
public in the chain of survival. Culture change and novel training
strategies are needed so that it becomes unacceptable for a
patient with a witnessed cardiac arrest not to receive bystander
CPR. For EMS providers, modification of training to prioritize
the most effective interventions and case-by-case feedback on
process and outcome variables are likely to be most effective.
Finally, optimization of post—cardiac arrest care will require the
commitment of hospital providers to develop and implement
comprehensive multidisciplinary treatment protocols that can be
executed 24 hours a day, 7 days a week, Optimized post—cardiac
arrest care is resource intensive and not feasible in every hospital
that receives EMS patients. A solution proposed by the AHA is
the development and certification of specialized cardiac resus-
citation centers.'®

A number of questions remain. The model systems cited in
this statement Jargely reflect the experiences of urban centers. It
is unclear whether this paradigm also applies to rural areas. Half
of all OHCAs are unwitnessed, and this number may be higher
in rural communities, which would compound the difficulties in
demonstrating improvements in OHCA survival in these re-
gions. There also may be reporting bias; that is, we have learned
much from communities that have improved OHCA survival
rates, but we know little about those that failed. A nationwide
system for monitoring and reporting incidence and outcomes
would allow investigators to identify high- and low-performing
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communities and to perform more systematic studies of factors
that distinguish high from low performance.
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Participants in the 2009 American Heart Association Cardiac Arrest
Survival Summit were Dianne L. Atkins, Janice M. Barnhart, Robert
R. Bass, Lance Becker, Sean M. Berenholtz, Robert A. Berg, Jill
Birnbaum, T.J. Bishop, Bentley J. Bobrow, Brendan G. Carr, Paul S.
Chan, Chris Chiames, Ted Delbridge, Anne Elixhauser, John Freese,

Improving Survival After Out-of-Hospital Cardiac Arrest

2907

David F. Gaieski, Romergryko G. Geocadin, Louis Gonzales, Darryl
Gray, Colleen C. Halverson, Michael T. Handrigan, Yuling Hong, Jerod
Loeb, Russell V. Luepker, Keith Lurie, Mary E. Mancini, Clay Mann,
Alice Mascette, Susan D. McHenry, Bryan McNally, Greg Mears, Venu
Menon, Robert K. Merritt, Vinay M. Nadkarni, Robert W. Neumar, L.
Kristin Newby, Mary Newman, Graham Nichol, James E. Niskanen,
Robert A. Niskanen, Robert E. O'Connor, Joseph P. Ornato, Brett
Patterson, Jeffrey Ranous, Thomas Rea, Eddie Rinehart, David L.
Rodgers, Joe Sabato, Marcel E. Salive, Michael R. Sayre, George
Sopko, Larry Starr, Richard Summers, and Roger D. White.

Disclosures
Writing Group Disclosures
Qther Consultant/
Writing Group Research Speakers' Ownership Advisory
Member Employment Research Grant Support Bureau/Honoraria Interest Board Other
Robert W. University of Pennsylvania None None None None None None
Neumar Associate Professor of
Emergency Medicine
Janice M. Albert Einstein College of None None None None None None
Barnhart Medicine, medical doctor
Robert A, Children’s Hospital of None None None None None None
Berg Philadelphia/University of
Pennsylvania
Professor and Division
Chief of Critical Care
Medicine
Paul S. Chan St. Luke’s Mid-America None None None None Prescription None
Heart Institute; Assistant Solutions—advise
Professor UHC on formulary
drugst
Romergryko G.  Johns Hopkins University None None Academic Grand None None Expert witness*
Geocadin School of Medicine, Rounds Speaker*;
Associate Professor continuing medical
of Neurology, education programs*
Anesthesiology—Critical
Care Medicine and
Neurosurgery Director,
Johns Hopkins
Neurosciences Critical
Care Unit
Russell V. University of Minnesota, None None None None None None
Luepker Professor
L. Kristin Duke University Schering Plough (now Merck; None None None Shionogi* None
Newby Medical Center; EARLY ACS multicenter
Academic Medical clinical trial and follow-up
Center; Associate publications; to institution);
Professor of MURDOCK study (to
Medicine institution; gift from David H
Murdock foundation)t;
GlaxoSmithKline
(SOLSTICE multicenter
clinical trial; to institution)t;
CardioDx (to institution)*;
BG Medicine (to institution)*;
Medicure {to institution)*;
Adolor (to institution)*;
AstraZeneca (to institution)*;
Amgen (to Stanford, then
disbursed to author for
CEC work)*; Eli Lilly
(to institution)*; Regado
(to institution)*
(Continued)

Downloaded from http:/circ.ahajournals.org/ at Kaiser Permanente--Oakland- on May 15, 2013



2908 Circulation June 21, 2011

Writing Group Disclosures, Continued

Other Consultant/
Writing Group Research Speakers’ Ownership Advisory
Member Employment Research Grant Support Bureau/Honoraria Interest Board Other
Graham Nichal  University of Washington, Evaluation of video None None None None Research
Professor of Medicine; self-instruction in Collaborator, Gambro
Director, UW-HMC CPEC; compressions-only CPR Renal Inc, Lakewood,
Medical Director, UW-CTC (Asmund S. Laerdal CO*; Sotera Wireless,
Foundation for Acute San Diego, CA*,
Medicing) 2007-2010 (P)T; Lifebridge
Randomized Field Trial of Medizintechnik AG,
Cold Saline IV After Ampfing, Germany*;
Resuscitation From Cardiac Chair, AHA Executive
Arrest (NHLBI RO1 Database Steering
HLOB9554-03) 20072012 Committee*; Chair,
(Co-)t; Novel Methods of Mission; Lifeline EMS
Measuring Health Disparities Task Force®;
(1RC2HL101759-01) Co-Chair, AHA
2008-2011 (co-)t; Cascade Resuscitation Science
Cardiac Resuscitation System Symposium Planning
(Medtronic Foundation) Committee*; member,
2010-2015 (Pt AHA Advanced
Cardiovascular Life
Support
Subcommittee*;
member, AHA
Epidemiology and
Statistics Committee*;
member, Pacific
Mountain Affiliate
Board of Directors,
AHA*; travel
reimbursement, AHA*
Michael R. Ohio State University, Medtronic Foundation: None None None None Expert witness*
Sayre Associate Professor Steering Committee Chair for

the HeartRescue multistate
programt

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported
on the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant”
if (a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more
of the voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it
is less than “significant” under the preceding definition. There are no significant relationships of multiple members with the same company in category C.

*Modest.
tSignificant.

Reviewer Disclosures

QOther Speakers’ Consultant/
Research Bureau/ Expert Ownership Advisory
Reviewer Employment Research Grant Support Honoraria Witness Interest Board Other
Ben J. Bobrow Arizona Department AHAT; Medtronict None None None None None None
of Health Services
Bryan McNally Emory University Centers for Disease None None None None None None
Control and
Prevention, PI for
Cardiac Arrest
Registry to
Enhance Survival
Program (CARES)t
Robert E. 0°Connor University of Virginia None None None None None None None
Tom Rea University of Washington Medtronic Foundationt None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the persen receives
$10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share
of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under

the preceding definition.
1Significant.

Downloaded from http:/circ.ahajournals.org/ at Kaiser Permanente--Oakland- on May 15, 2013



10.

11.

12.

13.

14,

15.

Neumar et al

References

. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide TP,

Rea T, Lowe R, Brown T, Dreyer J, Davis D, Idris A, Stiell I; Resuscitation
Qutcomes Consortium Investigators. Regional variation in out-of-hospital
cardiac arrest incidence and outcome. JAMA. 2008;300:1423-1431.

. Sytkowski PA, Kannel WB, D’Agostino RB. Changes in risk factors and

the decline in mortality from cardiovascular disease: the Framingham
Heart Study. N Engl J Med. 1990;322:1635-1641.

. Sytkowski PA, D’Agostino RB, Belanger AJ, Kannel WB. Secular trends

in long-term sustained hypertension, long-term treatment, and cardiovas-
cular mortality: the Framingham Heart Study 1950 to 1990, Circulation.
1996,93:697-703.

. Herlitz J, Engdahl J, Svensson L, Angquist KA, Silfverstolpe J, Holmberg

S. Major differences in 1-month survival between hospitals in Sweden
among initial survivors of out-of-hospital cardiac arrest. Resuscitation.
2006;70:404-409.

. Liu JM, Yang Q, Pirrallo RG, Klein JP, Aufderheide TP. Hospital vari-

ability of out-of-hospital cardiac arrest survival. Prehosp Emerg Care.
2008;12:339-346.

. Carr BG, Kahn JM, Merchant RM, Kramer AA, Neumar RW. Inter-

hospital variability in post-cardiac arrest mortality. Resuscitation. 2009;
80:30-34.

. Rea TD, Cook AJ, Stiell IG, Powell J, Bigham B, Callaway CW, Chugh

S, Aufderheide TP, Morrison L, Terndrup TE, Beaudoin T, Wittwer L,
Davis D, Idris A, Nichol G; Resuscitation Qutcomes Consortium Inves-
tigators. Predicting survival after out-of-hospital cardiac arrest: role of the
Utstein data elements. Ann Emerg Med. 2010;55:249-257.

. Nichol G, Rumsfeld J, Eigel B, Abella BS, Labarthe D, Hong Y, O'Connor

RE, Mosesso VN, Berg RA, Leeper BB, Weisfeldt ML. Essential features of
designating out-of-hospital cardiac arrest as a reportable event: a scientific
statement from the American Heart Association Emergency Cardiovascular
Care Committee; Council on Cardiopulmonary, Perioperative, and Critical
Care; Council on Cardiovascular Nursing; Council on Clinical Cardiology;
and Quality of Care and Outcomes Research Interdisciplinary Working
Group. Circulation. 2008;117:2299-2308.

. National EMS Information System (NEMSIS) Technical Assistance

Center Web site. hitp://www.nemsis.org. Accessed January 25, 201 1.
Healthcare Cost and Ulilization Project. Overview of the Nationwide
Emergency Department Sample (NEDS) Web site. http://www.hcup-us.
ahrg.gov/nedsoverview.jsp. Accessed January 25, 2011.

Resuscitation Outcomes Consortium Web site. https://roc.uwcte.org.
Accessed Januvary 25, 2011,

Cardiac Arrest Registry to Enhance Survival (CARES). https:mycares.net.
Accessed January 25, 2011,

McNally B, Stokes A, Crouch A, Kellermann AL; CARES Surveillance
Group. CARES: Cardiac Arrest Registry to Enhance Survival. Ann Emerg
Med. 2009;54:674.¢2-683.¢2.

Bobrow BJ, Clark LL, Ewy GA, Chikani V, Sanders AB, Berg RA,
Richman PB, Kern KB. Minimally interrupted cardiac resuscitation by
emergency medical services for out-of-hospital cardiac arrest, JAMA.
2008;299:1158-1165.

Bobrow BJ, Spaite DW, Berg RA, Stolz U, Sanders AB, Kern KB,
Vadeboncoeur TF, Clark LL, Gallagher JV, Stapczynski IS, LoVecchio
F, Mullins TJ, Humble WO, Ewy GA. Chest compression-only CPR by
lay rescuers and survival from out-of-hospital cardiac arrest. JAMA.
2010;304:1447-1454.

. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P,

Coovadia A, D’Este K, Finn J, Halperin H, Handley A, Herlitz J, Hickey R,
Tdris A, Kloeck W, Larkin GL, Mancini ME, Mason P, Mears G, Monsieurs
K, Montgomery W, Morley P, Nichol G, Nolan J, Okada K, Perlman J,
Shuster M, Steen PA, Sterz F, Tibballs J, Timerman S, Truitt T, Zideman D;
International Liaison Committee on Resuscilation; American Heart Asso-
ciation; European Resuscitation Council; Australian Resuscitation Council;
New Zealand Resuscitation Council; Heart and Stroke Foundation of
Canada; InterAmerican Heart Foundation; Resuscitation Councils of
Southern Africa; ILCOR Task Force on Cardiac Arrest and Cardiopulmonary
Resuscitation Qutcomes. Cardiac arrest and cardiopulmonary resuscitation
oulcome reports: update and simplification of the Utstein templates for
resuscitation registries: a statement for healthcare professionals from a task
force of the International Liaison Committee on Resuscitation (American
Heart Association, Buropean Resuscitation Council, Australian Resuscitation
Council, New Zealand Resuscitation Council, Heart and Stroke Foundation
of Canada, InterAmerican Heart Foundation, Resuscitation Councils of
Southern Africa). Circnlation. 2004;110;3385-3397.

Improving Survival After Out-of-Hospital Cardiac Arrest

17.

1%

20.

21,

22,

23.
24.
25.
26.

27.

28.

29.

30.

3L

32.

33.

34
35.

36.

2909

Cominittee on the Future of Emergency Care in the United States Health
System, Board on Health Care Services, Institute of Medicine of the
National Academies. Emergency Medical Services at the Crossroads.
Washington, DC: National Academies Press; 2006.

. Nichol G, Aufderheide TP, Eigel B, Neumar RW, Lurie KG, Bufalino VI,

Callaway CW, Menon V, Bass RR, Abella BS, Sayre M, Dougherty CM,
Racht EM, Kleinman ME, O’Connor RE, Reilly JP, Ossmann EW, Peterson
E; on behalf of the American Heart Association Emergency Cardiovascular
Care Committee; Council on Arteriosclerosis, Thrombosis, and Vascular
Biology; Council on Cardiopulmonary, Critical Care, Perioperative and
Resuscitation; Council on Cardiovascular Nursing; Council on Clinical Car-
diology; Advocacy Committee; Council on Quality of Care and Outcomes
Research. Regional systems of care for out-of-hospital cardiac arrest: a policy
statement from the American Heart Association. Circulation. 2010;121:
709-729.

Gold LS, Eisenberg MS. The effect of paramedic experience on survival
from cardiac arrest. Prehosp Emerg Care. 2009;13:341-344.

Agarwal DA, Hess EP, Atkinson EJ, White RD. Ventricular fibrillation in
Rochester, Minnesota: experience over 18 years. Resuscitation. 2009;80:
1253-1258.

Sunde K, Pytte M, Jacobsen D, Mangschau A, Jensen LP, Smedsrud C,
Draegni T, Steen PA. Implementation of a standardised (reatment
protocol for post resuscitation care after out-of-hospital cardiac arrest.
Resuscitation. 2007;73:29-39.

Gaieski DF, Band RA, Abella BS, Neumar RW, Fuchs BD, Kolansky
DM, Merchant RM, Carr BG, Becker LB, Maguire C, Klair A, Hylton J,
Goyal M. Early goal-directed hemodynamic optimization combined with
therapeutic hypothermia in comatose survivors of out-of-hospital cardiac
arrest, Resuscitation, 2009;80:418-424,

Ornato JP. Paper presented at: 2009 American Heart Association Cardiac
Arrest Survival Summit; June 12, 2009; Washington, DC.

Ong ME, Ornato JP, Edwards DP, Dhindsa HS, Best AM, Ines CS,
Hickey S, Clark B, Williams DC, Powell RG, Overton JL, Peberdy MA,
Use of an automated, load-distributing band chest compression device for
out-of-hospital cardiac arrest resuscitation. JAMA. 2006;295:2629-2637.
Rea TD, Crouthamel M, Eisenberg MS, Becker L], Lima AR. Temporal
patterns in long-term survival after resuscitation from out-of-hospital
cardiac arrest. Circulation. 2003;108:1196-1201.

Sasson C, Kellermann AL, McNally BF. Termination of cardiopulmonary
resuscitation for out-of-hospital cardiac arrest [comment]. JAMA. 2009;
301:722.

Rea TD, Helbock M, Perry S, Garcia M, Cloyd D, Becker L, Eisenberg
M. Increasing use of cardiopulmonary resuscitation during out-of-hospital
ventricular fibrillation arrest: survival implications of guideline changes.
Cirenlation. 2006;114:2760-2765.

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

Kellum MI, Kennedy KW, Barney R, Keilhauer FA, Bellino M, Zuercher
M, Ewy GA. Cardiocerebral resuscitation improves neurologically intact
survival of patients with out-of-hospital cardiac arrest, Ann Emerg Med.
2008;52:244-252.

Siegel D. The gap between knowledge and practice in the treatment and
prevention of cardiovascular disease. Prev Cardiol. 2000;3:167-171.
Forsetlund L, Bjorndal A, Rashidian A, Jamtvedt G, O'Brien MA, Wolf
I, Davis D, Odgaard-Jensen J, Oxman AD. Continuing education
meetings and workshops: effects on professional practice and health care
outcomes. Cochrane Database Syst Rev. 2009:CD003030.

Zwarenstein M, Goldman J, Reeves S. Interprofessional collaboration:
effects of practice-based interventions on professional practice and
healthcare outcomes. Cochrane Database Syst Rev. 2009:CD000072.
Baker R, Camosso-Stefinovic J, Gillies C, Shaw EI, Cheater F, Flottorp
S, Robertson N. Tailored interventions to overcome identified barriers to
change: effects on professional practice and health care outcomes.
Cochrane Database Syst Rev. 2010:CD005470.

Doumit G, Gattellari M, Grimshaw I, O’Brien MA. Local opinion lead-
ers: effects on professional practice and health care outcomes. Cochrane
Database Syst Rev. 2007:CD000125,

Kim W, Mauborgne R. Blue Qcean Strategy: How to Create Uncontested
Market Space and Make the Competition Irrelevant. Boston, MA:
Harvard Business School Press; 2005.

Jollis JG, Mehta RH, Roettig ML, Berger PB, Babb JD, Granger CB.
Reperfusion of acute myocardial infarction in North Carolina emergency
departments (RACE): study design. Am Heart J. 2006;152:851.e1-851.el1.

Downloaded from http://circ.ahajournals.org/ at Kaiser Permanente--Oakland- on May 15, 2013



2910 Circulation June 21, 2011

3T

38.

39.

40,

41.

42,

43,

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

Gonzales L, Langlois J, Parker C, Yost D. Combined interventions may
improve success when treating sudden cardiac arrest. Prehosp Emerg
Care. 2010;14:222-228.

Jacobs I, Callanan V, Nichol G, Valenzuela T, Mason P, Jaffe AS,
Landau W, Vetter N; American Heart Association; International Liaison
Committee on Resuscitation. The chain of survival. Anmn Emerg Med.
2001;37(suppl):S5-S16.

Iwami T, Nichol G, Hiraide A, Hayashi Y, Nishiuchi T, Kajino K, Morita
H, Yukioka H, lkeuchi H, Sugimoto H, Nonogi H, Kawamura T. Con-
tinuous improvements in “chain of survival” increased survival after
out-of-hospital cardiac arrests: a large-scale population-based study.
Circulation. 2009;119:728-734.

ECC Committee, Subcommittees and Task Forces of the American Heart
Association. 2005 American Heart Association Guidelines for Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care, part 4: adult
basic life support. Cireulation. 2005;112(suppl IV):IV-19-1V-34,

Lick CJ, Aufderheide TP, Niskanen RA, Steinkamp JE, Davis SP,
Nygaard SD, Bemenderfer KK, Gonzales L, Kalla JA, Wald SK, Gillquist
DL, Sayre MR, Oski Holm SY, Oakes DA, Provo TA, Racht EM, Olsen
JD, Yannopoulos D, Luric KG. Take Heart America: a comprehensive,
community-wide, systems-based approach to the treatment of cardiac
arrest. Crit Care Med. 2011;39:26-33,

Hazinski MF, Idris AH, Kerber RE, Epstein A, Atkins D, Tang W, Lurie
K. Lay rescuer automated cxternal defibrillator (“public access defibril-
lation™) programs: lessons learned from an international multicenter trial:
advisory statement from the American Heart Association Emergency
Cardiovascular Committee; the Council on Cardiopulmonary, Periopera-
tive, and Critical Care; and the Council on Clinical Cardiology. Circu-
lation. 2005;111:3336-3340.

Richardson LD, Gunnels MD, Groh WJ, Peberdy MA, Pennington S,
Wilets I, Campbell V, Van Ottingham L, McBurnie MA; PAD Trial
Investigators. Implementation of community-based public access defibril-
lation in the PAD trial. Acad Emerg Med. 2005;12:688-697,

Abella BS, Aufderheide TP, Eigel B, Hickey RW, Longstreth WT Jr,
Nadkarni V, Nichol G, Sayre MR, Sommargren CE, Hazinski MF.
Reducing barriers for implementation of bystander-initiated cardiopulmo-
nary resuscitation: a scientific statement from the American Heart Asso-
ciation for healthcare providers, policymakers, and community leaders
regarding the effectiveness of cardiopulmonary resuscitation. Circulation.
2008;117:704-709.

Barnhart JM, Cohen O, Kramer HM, Wilkins CM, Wylie-Rosett J.
Awareness of heart attack symptoms and lifesaving actions among New
York City area residents. J Urban Health. 2005;82:2071-215.

Berg RA. Role of mouth-to-mouth rescue breathing in bystander cardio-
pulmonary resuscitation for asphyxial cardiac arrest. Crit Care Med.
2000;28(suppl):N193-N195,

Lynch B, Einspruch EL, Nichol G, Becker LB, Aufderheide TP, Idris A.
Effectiveness of a 30-min CPR self-instruction program for lay respond-
ers: a controlled randomized study. Resuscitation. 2005;67:31-43.
Merchant RM, Abella BS, Abotsi El, Smith TM, Long JA, Trudeau ME,
Leary M, Groeneveld PW, Becker LB, Asch DA, Cell phone cardiopul-
monary resuscitation: audio instructions when needed by lay rescuers: a
randomized, controlled trial. Ann Emerg Med. 2010;55:538.e1-543.el.
Bolle SR, Scholl J, Gilbert M. Can video mobile phones improve CPR
quality when used for dispatcher assistance during simulated cardiac
arrest? Acta Anaesthesiol Scand. 2009;53:116-120.

Yang CW, Wang HC, Chiang WC, Hsu CW, Chang WT, Yen ZS, Ko PC,
Ma MH, Chen SC, Chang SC. Interactive video instruction improves the
quality of dispatcher-assisted chest compression-only cardiopulmonary
resuscitation in simulated cardiac arrests. Crit Care Med. 2009;37:490—495,
Nichol G, Huszti E, Bimbaum A, Mahoney B, Weisfeldt M, Travers A,
Christenson J, Kuntz K. Cost-effectiveness of lay responder defibrillation
for out-of-hospital cardiac arrest. Ann Emerg Med. 2009:;54:
226.e2-235.e2.

NAEMSP. Emergency medical dispatch. Prefiosp Emerg Care. 2008;
12:217.

Svensson L, Bohm K, Castren M, Pettersson H, Engerstrom L, Herlitz J,
Rosenqvist M. Compression-only CPR or standard CPR in out-of-hospital
cardiac arrest. N Engl J Med. 2010;363:434-442.

54. Christenson J, Andrusiek D, Everson-Stewart S, Kudenchuk P, Hostler D,
Powell J, Callaway CW, Bishop D, Vaillancourt C, Davis D, Aufderheide
TP, Idris A, Stouffer JA, Stiell I, Berg R; Resuscitation Outcomes Con-
sortium Investigators. Chest compression fraction determines survival in
patients with out-of-hospital ventricular fibrillation. Cirenlation. 2009;120:
1241-1247.

55. Markel DT, Gold LS, Fahrenbruch CE, Eisenberg MS. Prompt advanced
life support improves survival from ventricular fibrillation. Prehosp
Emerg Care. 2009;13:329-334.

56. Soo LH, Gray D, Young T, Skene A, Hampton JR. Influence of
ambulance crew’s length of experience on the outcome of out-of-hospital
cardiac arrest, Eur Heart J. 1999;20:535-540.

57. Martin-Gill C, Guyette F, Rittenberger J. Effect of crew size on objective
measures of resuscitation for out-of-hospital cardiac arrest. Prehosp
Emerg Care. 2010;14:229-234,

58. Eschmann NM, Pirrallo RG, Aufderheide TP, Lerner EB. The association
between emergency medical services staffing patterns and out-of-hospital
cardiac arrest survival. Prehosp Emerg Care. 2010;14:71-77.

59. Callaway CW, Schmicker R, Kampmeyer M, Powell J, Rea TD, Daya
MR, Aufderheide TP, Davis DP, Rittenberger JC, Idris AH, Nichol G;
Resuscitation Outcomes Consortium (ROC) Investigators. Receiving
hospital characteristics associated with survival after out-of-hospital
cardiac arrest. Resuscitation. 2010;81:524-529.

60. Ting HH, Krumholz HM, Bradley EH, Cone DC, Curtis JP, Drew BJ,
Field JM, French WJ, Gibler WB, Goff DC, Jacobs AK, Nallamothu BK,
O’Connor RE, Schuur JD. Implementation and integration of prehospital
ECGs into systems of care for acute coronary syndrome: a scientific
statement from the American Heart Association Interdisciplinary Council
on Quality of Care and Outcomes Research, Emergency Cardiovascular
Care Committee, Council on Cardiovascular Nursing, and Council on
Clinical Cardiology. Circulation. 2008;118:1066—-1079.

61, Neumar RW, Nolan JP, Adric C, Aibiki M, Berg RA, Bottiger BW,
Callaway C, Clark RS, Geocadin RG, Jauch EC, Kem KB, Laurent I,
Longstreth WT Jr, Merchant RM, Morley P, Morrison LJ, Nadkarni V,
Peberdy MA, Rivers EP, Rodriguez-Nunez A, Scllke FW, Spaulding
C, Sunde K, Vanden Hoek T. Post-cardiac arrest syndrome: epidemiology,
pathophysiology, treatment, and prognostication: a consensus statement from
the International Liaison Committee on Resuscitation (American Heart Asso-
ciation, Australian and New Zealand Council on Resuscitation, European
Resuscitation Council, Heart and Stroke Foundation of Canada, Inter-
American Heart Foundation, Resuscitation Council of Asia, and the Resus-
citation Council of Southern Africa); the American Heart Association
Emergency Cardiovascular Care Committee; the Council on Cardiovascular
Surgery and Anesthesia; the Council on Cardiopulmonary, Perioperative, and
Critical Care; the Council on Clinical Cardiology: and the Stroke Council.
Circulation, 2008;118:2452-2483.

62. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic hypo-
thermia to improve the neurologic outcome after cardiac arrest [ published
correction appears in N Engl J Med. 2002;346:1756]. N Engl J Med.
2002;346:549-556.

63. Bernard S, Gray T, Buist M, Jones B, Silvester W, Gutteridge G, Smith
K. Treatment of comatose survivors of out-of-hospital cardiac arrest with
induced hypothermia. N Engl J Med. 2002;346:557-563.

64. Nolan JP, Morley PT, Vanden Hoek TL, Hickey RW. Therapeutic hypo-
thermia after cardiac arrest: an advisory statement by the Advanced Life
Support Task Force of the International Liaison Committee on Resusci-
tation. Circulation. 2003;108:118-121.

65. Pronovost P, Berenholtz S, Needham D. Translating evidence into practice:
a model for large scale knowledge translation. BMJ. 2008;337:a1714.

66. Pronovost PI, Berenholtz SM, Needham DM. A framework for health
care organizations to develop and evaluate a safety scorecard, JAMA.
2007;298:2063-2065.

67. Pronovost P. Interventions to decrease catheter-related bloodstream
infections in the ICU: the Keystone Intensive Care Unit Project. Am J
Infect Control. 2008;36:8171.e1-S171.¢5.

Key Worps: AHA Scientific Statements B cardiopulmonary resuscitation l
death, sudden M heart arrest M registries B resuscitation B survival

Downloaded from http://circ.ahajournals.org/ at Kaiser Permanente--Oakland- on May 15, 2013



Notes




