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1 Highlights
The 2015 Guidelines Update provides stakeholders with a new perspective on systems of care, differentiating inhospital cardiac arrests (IHCAs) from out-of-hospital cardiac arrests (OHCAs). Major highlights include
A universal taxonomy of systems of care
Separation of the AHA adult Chain of Survival into 2 chains: one for in-hospital and one for out-of-hospital
systems of care
Review of best evidence on how these cardiac arrest systems of care are reviewed, with a focus on
cardiac arrest, ST-segment elevation myocardial infarction (STEMI), and stroke
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Figure 1: Taxonomy of systems of care

Components of a System of Care
2015 (New): Universal elements of a system of care have been identified to provide stakeholders with a
common framework with which to assemble an integrated resuscitation system (Figure 1).
Why: Healthcare delivery requires structure (eg, people, equipment, education) and process (eg, policies,
protocols, procedures) that, when integrated, produce a system (e.g., programs, organizations, cultures) that
leads to optimal outcomes (eg, patient survival and safety, quality, satisfaction). An effective system of care
comprises all of these elements—structure, process, system, and patient outcomes—in a framework of
continuous quality improvement.
Chains of Survival
2015 (New): Separate Chains of Survival (Figure 2) have been recommended that identify the different
pathways of care for patients who experience cardiac arrest in the hospital as distinct from out-of-hospital
settings.
Why: The care for all post–cardiac arrest patients, regardless of where their arrests occur, converges in the
hospital, generally in an intensive care unit where post–cardiac arrest care is provided. The elements of structure
and process that are required before that convergence are very different for the 2 settings. Patients who have an
OHCA depend on their community for support. Lay rescuers must recognize the arrest, call for help, and initiate
CPR and provide defibrillation (ie, public-access defibrillation [PAD]) until a team of professionally trained
emergency medical service (EMS) providers assumes responsibility and then transports the patient to an
emergency department and/or cardiac catheterization lab. The patient is ultimately transferred to a critical care
unit for continued care. In contrast, patients who have an IHCA depend on a system of appropriate surveillance
(eg, rapid response or early warning system) to prevent cardiac arrest. If cardiac arrest occurs, patients depend
on the smooth interaction of the institution’s various departments and services and on a multidisciplinary team of
professional providers, including physicians, nurses, respiratory therapists, and others.
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Figure 2: System-specific Chains of Survival

Use of Social Media to Summon Rescuers
2015 (New): It may be reasonable for communities to incorporate social media technologies that summon
rescuers who are in close proximity to a victim of suspected OHCA and are willing and able to perform CPR.
Why: There is limited evidence to support the use of social media by dispatchers to notify potential rescuers of
a possible cardiac arrest nearby, and activation of social media has not been shown to improve survival from
OHCA. However, in a recent study in Sweden, there was a significant increase in the rate of bystander-initiated
CPR when a mobile-phone dispatch system was used. Given the low harm and the potential benefit, as well as
the ubiquitous presence of digital devices, municipalities could consider incorporating these technologies into
their OHCA systems of care.
Team Resuscitation: Early Warning Sign Systems, Rapid Response Teams, and Medical Emergency
Team Systems
2015 (Updated): For adult patients, rapid response team (RRT) or medical emergency team (MET) systems
can be effective in reducing the incidence of cardiac arrest, particularly in the general care wards. Pediatric
MET/RRT systems may be considered in facilities where children with high-risk illnesses are cared for in general
in-patient units. The use of early warning sign systems may be considered for adults and children.
2010 (Old): Although conflicting evidence exists, expert consensus recommended the systematic identification
of patients at risk of cardiac arrest, an organized response to such patients, and an evaluation of outcomes to
foster continuous quality improvement.
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Why: RRTs or METs were established to provide early intervention for patients with clinical deterioration, with
the goal of preventing IHCA. Teams can be composed of varying combinations of physicians, nurses, and
respiratory therapists. These teams are usually summoned to a patient bedside when acute deterioration is
identified by hospital staff. The team typically brings emergency monitoring and resuscitation equipment and
drugs. Although the evidence is still evolving, there is face validity in the concept of having teams trained in the
complex choreography of resuscitation.
Continuous Quality Improvement for Resuscitation Programs
2015 (Reaffirmation of 2010): Resuscitation systems should establish ongoing assessment and improvement
of systems of care.
Why: There is evidence of considerable regional variation in the reported incidence and outcome of cardiac
arrest in the United States. This variation underscores the need for communities and systems to accurately
identify each occurrence of treated cardiac arrest and to record outcomes. There are likely to be opportunities to
improve survival rates in many communities.
Community- and hospital-based resuscitation programs should systematically monitor cardiac arrests, the level
of resuscitation care provided, and outcome. Continuous quality improvement includes systematic evaluation
and feedback, measurement or benchmarking, and analysis. Continuous efforts are needed to optimize
resuscitation care so that the gaps between ideal and actual resuscitation performance can be narrowed.
Regionalization of Care
2015 (Reaffirmation of 2010): A regionalized approach to OHCA resuscitation that includes the use of cardiac
resuscitation centers may be considered.
Why: A cardiac resuscitation center is a hospital that provides evidence-based care in resuscitation and
post–cardiac arrest care, including 24-hour, 7-day percutaneous coronary intervention (PCI) capability, TTM with
an adequate annual volume of cases, and commitment to ongoing performance improvement that includes
measurement, benchmarking, and both feedback and process change. It is hoped that resuscitation systems of
care will achieve the improved survival rates that followed establishment of other systems of care, such as
trauma.
2 Introduction
These Web-based Integrated Guidelines incorporate the relevant recommendations from 2010 and the new or
updated recommendations from 2015.
The science and recommendations discussed in the other Parts of the 2015 American Heart Association (AHA)
Guidelines Update for Cardiopulmonary Resuscitation (CPR) and Emergency Cardiovascular Care (ECC) form
the backbone of resuscitation. They answer the “why”, “what,” and “when” of performing resuscitation steps. In a
perfectly controlled and predictable environment, such as a laboratory setting, those answers often suffice, but
the “how” of actual implementation depends on knowing the “who” and “where” as well. The ideal work flow to
accomplish resuscitation successfully is highly dependent on the system of care as a whole.
Healthcare delivery requires structure (eg, people, equipment, education, prospective registry data collection)
and process (eg, policies, protocols, procedures), which, when integrated, produce a system (eg, programs,
organizations, cultures) leading to outcomes (eg, patient safety, quality, satisfaction). An effective system of care
(Figure 1) comprises all of these elements—structure, process, system, and patient outcomes—in a framework of
continuous quality improvement (CQI).
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Figure 1: Taxonomy of systems of care

In this Part, we will focus on 2 distinct systems of care: the system for patients who arrest inside the hospital and
the one for those who arrest outside it. We will set into context the building blocks for a system of care for
cardiac arrest, with consideration of the setting, team, and available resources, as well as CQI from the moment
the patient becomes unstable until after the patient is discharged.
The chain of survival metaphor, first used almost 25 years ago, 1 is still very relevant. However, it may be helpful
to create 2 separate chains (Figure 2) to reflect the differences in the steps needed for response to cardiac arrest
in the hospital (in-hospital cardiac arrest [IHCA]) and out of the hospital (out of hospital cardiac arrest [OHCA]).
Regardless of where an arrest occurs, the care following resuscitation converges in the hospital, generally in an
emergency department (ED) or intensive care unit (ICU). This post?cardiac arrest care is depicted as the final
link in both chains, symbolized by a hospital bed with a monitor and thermometer, which represent advanced
monitoring and targeted temperature management. As noted above, the structure and process elements before
the convergence of the 2 chains, however, vary significantly.
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Figure 2: System-specific Chains of Survival

Patients with OHCA depend on elements within the community for support. Lay rescuers must recognize the
patient’s arrest, call for help, and initiate CPR and early defibrillation (public-access defibrillation [PAD]) until a
team of professionally trained emergency medical services (EMS) providers assumes responsibility and then
transports the patient to an ED and/or cardiac catheterization lab, and then on to an ICU for post?cardiac arrest
care. Ideally, all victims of OHCA receive bystander CPR and defibrillation; if not, CPR and defibrillation won’t
occur until EMS personnel arrive, and the victim’s chance of survival is then much lower.
In contrast, patients with IHCA depend on a system of appropriate surveillance and prevention of cardiac arrest,
which is represented by a magnifying glass in the first link. When cardiac arrest occurs, prompt notification and
response to a cardiac arrest should result in the smooth interaction of a multidisciplinary team of professional
providers, including physicians, nurses, respiratory therapists, and others. This team provides high-quality CPR,
prompt defibrillation, and advanced cardiovascular life support when appropriate. The chain metaphor endures:
in any resuscitation, the chain is no stronger than its weakest link.
The level of complexity is high for both in-hospital and out-of-hospital systems. The challenges encountered,
however, are different. Teamwork and coordination among responders is a critical determinant of patient
outcomes. An in-hospital multidisciplinary team has immediate access to additional personnel as well as all the
resources of the ED, ICU, and laboratories, whereas in out-of-hospital settings, 2 paramedics may find
themselves alone with no resources except those they brought with them. Factors such as crowd control, family
presence, space constraints, transportation, and device failures can be common to both settings. In both
settings, systems must be in place to address expected and unexpected challenges and must be continually
monitored and re-examined to address their flaws and failures.
The classic resuscitation Chain of Survival concept linked the community to EMS and EMS to hospitals, with
hospital care as the destination. 1 But patients with a cardiac emergency may enter the system of care at one of
many different points (Figure 3).
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Figure 3: Patient’s point of entry

A cardiac arrest can present anywhere, any time—on the street or at home, but also in the hospital’s ED,
inpatient bed, ICU, operating suite, catheterization suite, or imaging department. The system of care must be
able to manage cardiac emergencies wherever they occur.
The concept of a system of care has been applied previously in emergency care, including regional systems of
care for trauma, stroke, and ST-segment elevation myocardial infarction (STEMI). This Part addresses the idea
that IHCA has similarities to, but is very different from,
OHCA. It also considers how the elements of a system of care apply to the comprehensive management of
cardiac arrest.

3 In-Hospital Cardiac Arrest
3.1 Epidemiology
IHCA is a major patient safety and public health concern. Approximately 209 000 adults 2 and more than 6000
children 3 receive CPR for IHCAs in the United States annually. In contrast to adult OHCAs, which are mostly
due to presumed cardiac etiologies and occur unexpectedly, most IHCAs are secondary to presumed acute
respiratory compromise and/ or circulatory shock, with predictable progressive deterioration before the event. 4 - 6
Although CPR training programs have tended to focus on out-of-hospital CPR, professional in-hospital CPR is
provided to similar numbers of adults and children each year as professional out-of-hospital CPR, and the patient
characteristics, rescuers, and systems of care are quite different.
Outcomes from in-hospital CPR have improved over the past 10 to 15 years within hospitals participating in the
AHA’s Get With The Guidelines®-Resuscitation program. For adults, there has been improvement, with riskadjusted rates of survival to discharge increased by 4% per year, from 13.7% in 2000 to 22.3% in 2009. 5
Importantly, more than 80% of these adult IHCA survivors had relatively favorable neurologic outcomes, with
Cerebral Performance Category (CPC) scores of 1 or 2 at hospital discharge.5 For children, risk-adjusted rates
of survival to discharge increased by 8% per year from 2000 to 2009, with unadjusted survival rates increasing
from 14.3% to 39.4%. 6
Notably, case-mix–adjusted IHCA incidence rates and survival rates vary considerably across hospitals. For
example, case-mix–adjusted incidence of adult cardiac arrest was twice as high in the bottom quartile of Get
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With The GuidelinesResuscitation hospitals compared with the top quartile (1.3/1000 bed-days versus 0.7/1000
bed-days). 7 Conversely, the case-mix–adjusted rates of survival to discharge were nearly double in the top
decile of Get With The GuidelinesResuscitation hospitals compared with the bottom decile (22.7% versus 12.4%).
8 These data also showed a 42% greater likelihood of patients with identical covariates surviving to hospital
discharge at one randomly selected Get With The Guidelines-Resuscitation hospital compared with another.8
Similarly, the range of risk-standardized survival rates for pediatric cardiac arrest varied from 29% to 48%. 9
These variabilities in incidences and outcomes suggest that more cardiac arrests can be prevented and that
survival rates can be improved through effective quality improvement strategies.
Other IHCA data raise concerns about potential deficiencies in our systems for treatment of IHCAs in the United
States. As with other medical issues, survival rates from IHCAs are substantially lower on nights and weekends
compared with weekdays, 10 which suggests differential quality within hospitals by both time and day. In addition,
lower-income patients and African-American patients have lower survival rates after an IHCA. 7,11 After
controlling for the hospital site where the cardiac arrest occurred, the disparity was essentially ameliorated,
which suggests differential quality across hospitals. 11
Because most IHCAs are secondary to respiratory failure and/or circulatory shock, quality improvement efforts
with rapid response teams and medical emergency teams have focused on early recognition of respiratory
failure, shock, and neurologic deterioration of patients at risk, with targeted interventions and transfers to highly
monitored intensive care settings. Perhaps as a result of such efforts, cardiac arrests and CPR on general wards
are much less common than cardiac arrests and CPR in ICUs and other highly monitored units, such as the ED,
operating suites, and cardiac catheterization suites. Only 5% of pediatric in-hospital CPR occurred on general
wards in Get With The Guidelines-Resuscitation hospitals from 2000 to 2010, compared with 74% in ICUs, 10%
in the ED, 5% in the operating suite, and 6% in a procedural suite, such as interventional radiology or cardiac
catheterization suites. In addition, the relative frequency of ward CPR decreased substantially over that decade.
12 Similarly, 19% of adult CPR was provided on unmonitored wards, 16% in telemetry, 48% in ICUs units, and
18% in EDs or operating or procedural suites. 13 These data suggest that most in-hospital CPR is provided in
ICUs, EDs, operating rooms, and other procedural units where teams and systems can be optimized to provide
the highest level of care.
3.2 Prearrest Rapid Response Systems
3.2.1 Recognition EIT 638

PEDS 818

The wide variability in incidence and location of cardiac arrest in the hospital suggests potential areas for
standardization of quality and prevention of at least some cardiac arrests. More than half of cardiac arrests in the
hospital are the result of respiratory failure or hypovolemic shock, and the majority of these events are
foreshadowed by changes in physiology, such as tachypnea, tachycardia, and hypotension. As such, cardiac
arrest in the hospital often represents the progression of physiologic instability and a failure to identify and
stabilize the patient in a timely manner. This scenario is more common on the general wards, outside of critical
care and procedural areas, where patient-to-nurse ratios are higher and monitoring of patients less intense. In
this setting, intermittent manual vital sign monitoring with less frequent direct observation by clinicians may
increase the likelihood of delayed recognition. An observational study of both surgical and medical wards
reported that approximately 1 in 5 patients developed abnormal vital signs, and more than 50% of these events
went unnoticed by nursing staff. Patients with abnormal vital signs had a threefold higher 30-day mortality rate. 14
Strategies to combat delayed recognition of patient deterioration include increased electronic monitoring of highrisk patients in the form of traditional electrocardiogram (ECG)-based telemetry, newer heart and respiratory rate
sensors, or increased clinician surveillance. In addition, composite risk scores, such as the Modified Early
Warning Score (MEWS) and more complex, statistically derived algorithms, which can include laboratory data,
increase the discrimination for detection compared with single-parameter criteria.
3.2.2 Early Warning Sign Systems, Rapid Response Teams, and Medical Emergency Team Systems Updated
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Rapid response teams (RRTs) or medical emergency teams (METs) were established for early intervention in
patients whose conditions were deteriorating, with the goal of preventing IHCA. 15,16 They can be composed of
varying combinations of physicians, nurses, and respiratory therapists. These teams are usually summoned to
patient bedsides when an acute deterioration is recognized by other hospital staff. Monitoring and resuscitation
equipment and drug therapies often accompany the team. The 2015 ILCOR systematic review addressed the
use of early warning sign systems (EWSS), RRTs, and METs in children and adults.
The evidence for EWSS was demonstrated in 1 before-after study by using an aggregated weighted scoring
system (MEWS), which reported significantly higher cardiac arrest rates in MEWS bands 3 and 4 after
intervention but not in MEWS bands 0 through 2 or 5 through 15; however, overall cardiac arrest rate
significance was not reported. 17 The evidence for RRTs or METs in adults consists of a wardrandomized trial 18
and numerous observational studies. The introduction of a MET system was associated with a significant
improvement in hospital survival 19 - 33 and a decrease in the incidence of IHCA. 19 - 29, 31,33 - 40 A clusterrandomized trial and several other observational studies failed to confirm those results. 17, 34,36,39, 41 - 51
The evidence for RRTs or METs and the usefulness of a Pediatric Early Warning System (PEWS) in children is
observational but contradictory, and it is not as consistent in showing a decrease in either the incidence of
cardiac and/or respiratory arrest outside of the ICU setting 52 - 54 or hospital mortality 53,55 - 59 for either PEWS or
a MET. However, in a single observational study, PEWS use was associated with a reduction in cardiac arrest
rate when used in a single hospital with an established MET system. 60
3.2.3 2015 Recommendations - Modified
For adult patients, RRT or MET systems can be effective in reducing the incidence of cardiac arrest,
particularly in general care wards. (Class IIa, LOE C-LD)

Pediatric MET/RRT systems may be considered in facilities where children with high-risk illnesses are
cared for on general in-patient units. (Class IIb, LOE C-LD)

The use of EWSS may be considered for adults and children. (Class IIb, LOE C-LD)
3.2.4 Continuous Assessment
Once patients with acute decompensation or gradual deterioration are recognized and cared for by RRTs, these
patients require continuous assessments until stabilized. Patients who are recognized to be at high risk of IHCA
or who are refractory to early interventions are generally transferred to high-acuity hospital units (eg, ICUs). With
more personnel and resources available (eg, technology, drug therapies), these high-acuity units enable
improved monitoring and treatments. Further, there is increasing data indicating that delays in transfer to an ICU
are associated with increased mortality. In 1 study, every hour of delay was associated with a 1.5% increase in
hospital mortality. 61 Interestingly, the pediatric community of providers has had remarkable success in nearly
eradicating cardiac arrest on the general wards and could serve as a model for the adult community. The focus
on prevention has been emphasized for pediatrics, as evidenced by the 1998 departure from the traditional
Chain of Survival to one that included prevention as a first link in the chain. Pediatric resuscitation experts also
led this change in hospitals, and pediatric arrests that occur on general care wards are becoming a thing of the
past.
3.2.5 Do Not Attempt Resuscitation and Palliative Care
One of the unintended consequences of the success in developing and promoting modern resuscitation is that,
currently, many people who are in the natural process of dying receive CPR at the end of life. Resuscitation has
become the default expectation for everyone and, unless specifically noted to the contrary as with an advanced
directive or a Do Not Attempt Resuscitation (DNAR) order, is likely to be performed, at least for witnessed
deaths. As such, another proposed mechanism for the decrease in cardiac arrest rates associated with RRTs is
increased use of palliative care services and DNAR orders for patients who are dying and for whom resuscitation
attempts are likely to be futile or inconsistent with their goals of care. Once a patient has a cardiac arrest,
institution of a DNAR order to prevent further resuscitation attempts is frequently entertained. However, many of
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these patients may have been appropriate for consideration of such an order before the arrest, and failure to
properly consider it could result in an unwanted aggressive end to life and a waste of considerable resources. As
such, it is consistent with a system of care to seek patient or family preferences regarding aggressive
resuscitation measures, such as CPR and mechanical ventilation, in patients with advanced age or terminal
condition and short life expectancy who are admitted to a hospital, and to issue a DNAR order based on patient
or family preference as well as expectation of outcome, taking into account the clinical judgment of experienced
providers.
3.3 Cardiac Arrest
Even in high-risk, in-hospital environments, cardiac arrests and CPR are relatively uncommon, and the members
of the resuscitation teams may be different with each cardiac arrest. Therefore, optimal performance depends on
rigorous preevent interdisciplinary collaborative planning and practice. Excellent outcomes can occur after wellchoreographed, highquality CPR with effective chest compressions, ventilation and early defibrillation. 62 Hospital
leaders have the opportunity to optimize outcomes with rigorous resuscitation programs that include the cycle of
quality improvement: measurement of performance and outcomes, comparison, interventions to improve
outcomes, and continuous measurement of performance and outcomes after interventions.
3.4 Activating the IHCA System of Care
Once IHCA is recognized, hospitals are expected to have a standardized method for promptly notifying and
activating a team that specializes in treating cardiac arrest. A survey of hospitals revealed that 93% used a
hospital-wide public address system, 53% paged or called team members, and 11% used a local alarm. 63
3.5 Crisis Resource Management Principles for Resuscitation Teams
The quality of bedside resuscitation team leadership affects team performance. 64 - 68 Crisis resource
management principles suggest that resuscitation teams will function best when the team knows who is leading
the resuscitation efforts, what their individual roles are, and how to communicate and work together most
effectively. 69, 70 Crisis resource management techniques that have been incorporated for use during inhospital
CPR efforts include training to be an advanced life support team leader, using checklists for leadership activities,
standardizing communication, and performing cross-checks for safety of team members before defibrillation (eg,
“all clear”). 70 - 74
3.6 Resuscitation Team
Crisis resource management principles suggest that preparation for cardiac arrests and resuscitations include a
designated, dedicated resuscitation team available 24 hours a day, 7 days a week, with adequate experience,
expertise, and training and retraining to maintain skills, minimize errors, and optimize outcomes. 71,75 - 77
Although 77% of hospitals from a survey of US hospitals have a predesignated resuscitation team, nearly one
quarter do not. Such teams usually consist of varying combinations of physicians, nurses, respiratory therapists,
and pharmacists. 63 Some centers include security personnel, clergy, social workers, and others. Furthermore,
just-in-time, just-in-place training is an excellent manner for the team members to practice so that they can be
prepared to use the equipment and work with their colleagues in their own practice setting. 75 Just-in-time or justin-place training ranges from activities as simple as training on a manikin in basic life support and the use of a
defibrillator 78 - 80 to interdisciplinary advanced life support at a simulation room embedded in the clinical unit.
Hospitals with training programs may require that resuscitation teams include an attending physician with
resuscitation experience and expertise to supervise the physician in training on the resuscitation team during the
resuscitation.
3.7 Training
Few studies have evaluated training programs that improve the early identification of prearrest patients. A
longitudinal, multicenter study of the Acute Life-Threatening Events Recognition and Treatment (ALERT) course
suggested an increase in prearrest calls, a reduction in the number of IHCAs, and an improved survival-todischarge rate after IHCA. 81 After the initial training, interval training updates are necessary to maintain these
important skills. Recognition of patient deterioration is an element of an IHCA system of care, with physicians,
nurses, and staff being able to recognize that deterioration.
Standard advanced cardiovascular life support or pediatric advanced life support courses may not adequately
train providers with specific processes unique to individual hospitals. Hospital-specific resuscitation training can
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be contextualized for the individual wards and hospital settings to increase familiarity and effectiveness of the
resuscitation team and responses to cardiac arrest.
3.8 Debriefing - Updated EIT 645
Acute debriefing for either an individual or the team immediately after the resuscitation event (“hot debriefing”)
has been a time-honored approach to improve care and has been previously recommended in AHA Guidelines
for CPR and ECC. 75 However, finding the time to do this properly in the highly intense and sometimes chaotic
postarrest setting is problematic when practitioners are focused on postarrest care and/or communicating timesensitive and emotionally sensitive information to families and staff. These acute postarrest debriefings may
address several domains, including psychomotor skill issues, cognitive issues, team issues, family emotional
issues, and professional staff emotional issues.
Another approach to debriefing an individual or the team is to communicate about the various domains at a later
time (“cold debriefing”). The advantages of cold debriefing are adequate time for the debriefing personnel to
prepare for optimal communication, availability of experienced debriefing personnel, and adequate time for the
debriefing communication session to meet and discuss the resuscitation. However, it is often difficult to
reconvene the same resuscitation team members at a later meeting.
Alternatively, cold debriefing can include both the resuscitation team that was present at the event and the
broader multidisciplinary team of the entire unit so that all can learn from both their own and others’ experiences.
This allows many more unit members to profit from the experience, and it can result in quality improvement in the
unit-wide resuscitation culture. The 2015 ILCOR systematic review examined the utility of briefing and/or
debriefing to determine if there was an impact on outcome.
3.8.1 2015 Evidence Review
Data from 2 in-hospital observational before-after studies, 1 in adults 82 and 1 in pediatrics 83 that involved a total
318 patients and 2494 epochs of chest compressions, demonstrated improved outcomes (eg, favorable
neurologic outcome at discharge and compression depth, compression rate within target range) after
implementation of a data-driven, performance-focused debriefing program for resuscitation team members using
CPR-quality defibrillator transcripts.
3.8.2 2015 Treatment Recommendation - Updated
It is reasonable for in-hospital systems of care to implement performance-focused debriefing of rescuers
after IHCA in both adults and children. (Class IIa, LOE C-LD)
3.9 Post–Cardiac Arrest
Patients who achieve return of spontaneous circulation (ROSC) after cardiac arrest in any setting have a
complex combination of pathophysiologic processes described as post–cardiac arrest syndrome, which includes
postarrest brain injury, postarrest myocardial dysfunction, systemic ischemia/ reperfusion response, and
persistent acute and chronic pathology that may have precipitated the cardiac arrest. 84 Post–cardiac arrest
syndrome plays a significant role in patient mortality. Survival rates in IHCA patients who achieve ROSC range
from 32% to 54%. 85 Higher-volume hospitals and teaching hospitals have the highest survival rate, with an
average survival of 38% for patients who have an arrest outside the ICU and 32% for patients who have an
arrest in the ICU. 4
Comprehensive post–cardiac arrest care requires optimization of hemodynamics, treatment and reversal of
precipitating factors, and targeted temperature management and is discussed fully in “Part 8: Post–Cardiac
Arrest Care.” Routine implementation of existing post–cardiac arrest protocols and order sets helps maintain
consistent and optimal care to attenuate the detrimental effects of post–cardiac arrest syndrome. These patients
also require access to a collaborative and multidisciplinary team of providers, including cardiologists,
interventional cardiologists, cardiac electrophysiologists, intensivists, neurologists, nurses, respiratory therapists,
and social workers. If these services are not readily available within the hospital, an effective system of care
would include appropriate structures and processes for interhospital transfer to ensure access to these
collaborative resources.
4 Out-of-Hospital Cardiac Arrest
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4.1 Introduction
OHCA affects approximately 326 000 victims annually in the United States. 2 Given that OHCA has an annual
incidence of 132/100 000 population, communities of all sizes should prepare a system of care for the eventual
OHCA event. 2 Organized community programs that prepare the lay public to provide bystander CPR and early
defibrillation offer the best opportunity for successful resuscitation in the initial minutes after OHCA and represent
the community link in the OHCA Chain of Survival. This preparation begins with a surveillance system to
measure the incidence and outcomes of OHCA. The AHA Scientific Statement “Essential Features of
Designating Out-of-Hospital Cardiac Arrest as a Reportable Event” 86 makes recommendations to achieve the
measurement of this public health burden as well as capture the data points needed to address quality
improvements for continuous improvement in outcomes from OHCA.
4.2 Community
Bystander CPR is a potentially lifesaving procedure that can be performed by community members without
equipment or professional credentials. Although bystander CPR plus early defibrillation can more than double
the rate of survival from OHCA, 87 the number of OHCA victims who receive bystander CPR remains between
10% and 65%. 2 Recent evidence suggests that chest compression–only CPR is no less effective than traditional
CPR when performed by bystanders for adult victims of cardiac arrest in the out-of-hospital setting. 87 CPR
training can be accomplished via traditional classes or brief self-instruction media, public policy initiatives such
as CPR training as a high school graduation requirement, training of likely rescuers (primarily family members
and caregivers of populations at high risk for cardiac arrest), or mass community CPR training in large public
venues. CPR training programs can help build a culture of expectation for chest compressions to be performed
in whatever setting cardiac arrest occurs.
Further opportunities to provide community CPR training can coincide with the implementation of PAD initiatives.
PAD programs provide bystanders with automatic electronic defibrillators (AEDs) that can be used by the lay
public to deliver shocks to victims of ventricular fibrillation OHCA.
4.3 Public-Access Defibrillation - Updated

BLS 347

The 2015 ILCOR systematic review compared the implementation of a PAD program with traditional EMS
response to determine if there was an impact on outcome from OHCA.
4.3.1 2015 Evidence Review
The ILCOR Basic Life Support Task Force reviewed the evidence involving PAD and its effect on outcome from
OHCA. This evidence is derived from many observational studies and 1 randomized controlled trial 88 with
associated variations in rates of witnessed arrests, EMS programs, and recommended practice of bystander
CPR. 89,90 Evidence from 3 observational studies 91 - 93 that enrolled 182 119 patients demonstrated improved
survival to 30 days with favorable neurologic outcome with PAD compared with no community program.
Improved clinical outcomes favoring PAD programs were seen consistently across the studies. 89,90 Some
studies included in the ILCOR 2015 International Consensus on CPR and ECC Science With Treatment
Recommendations 90,89 may involve repeat analysis and reporting of the same cardiac arrest population, which
limits the ability to provide a summative effect measure in the reported analyses.
4.3.2 2015 Recommendation - Modified
It is recommended that PAD programs for patients with OHCA be implemented in communities with
individuals at risk for OHCA. (Class I, LOE C-LD)
A system-of-care approach for OHCA might include public policy that encourages reporting of public AED
locations to public service access points (PSAPs; PSAPs have replaced the less-precise term “EMS dispatch
centers”). Such a policy would enable PSAPs to direct bystanders to retrieve nearby AEDs and assist in their use
when OHCA occurs.
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Many municipalities as well as the US federal government have enacted legislation to place AEDs in municipal
buildings, large public venues, airports, casinos, and schools. For the 20% of OHCAs that occur in public, these
community programs represent an important link in the Chain of Survival between recognition and activation of
the emergency response system.
Victims of OHCAs that occur in private residences are much less likely to receive chest compressions than are
victims who experience cardiac arrest in public settings. Real-time instructions provided by emergency
dispatchers may help push in-home callers past the stress or fear that may be inhibiting their willingness to act.
These improved outcomes can be achieved by having robust community CPR training programs for cardiac
arrest in place in conjunction with effec- tive, prearrival dispatch protocols.
4.4 Emergency Medical Services

BLS 740

BLS 359

PSAPs are the interface between EMS and the communities they serve. While individuals may be unsure of
what to do in the setting of a cardiac arrest, the general population knows to call 9-1-1. Herein lies the
opportunity to leverage the call for help into strategies for the initiation of early treatment as part of a larger
system of care. Communities are best served by PSAPs that are designed to quickly recognize the occurrence of
cardiac arrest, dispatch the nearest appropriate resources, and help bystanders provide immediate care before
the arrival of EMS.
The link between the call for help to the PSAP and arrival of first medical care is the emergency dispatcher. In
disease states that are time dependent, such as cardiac arrest, acute coronary syndrome (ACS), stroke, and
trauma, recognition of symptoms and initiation of intervention can result in improved outcomes. In cardiac arrest,
dispatcher-guided CPR has been extensively described. 94, 95 In these descriptive studies, dispatcher-guided
CPR has been shown to reduce time to first compression.
4.5 Dispatcher Recognition of Cardiac Arrest - Updated
The 2015 ILCOR systematic review addressed whether there are descriptions of any specific symptoms among
adults and children who are in cardiac arrest outside a hospital compared with no description that helped
emergency dispatchers identify cardiac arrest. Appropriate recognition of a patient in cardiac arrest is an
important component of the discussion between a dispatcher and the bystanders with a cardiac arrest victim.
This identification can lead to initiation of dispatcher-guided CPR and provide valuable information to EMS
providers.
4.5.1 2015 Evidence Review
Evidence is derived from observational investigations that involve more than 17 000 patients from 27 different
studies. In 2 studies that evaluated emergency dispatcher recognition alone, the sensitivity of recognition ranged
from 18% to 83%. 96,97 In systems that currently have protocols to aid dispatchers in the recognition of cardiac
arrest, the sensitivity when using protocols ranged from 38% to 96.9%, with a specificity exceeding 99%. Use of
these scripted protocols has been shown to increase the rate of dispatcher-guided CPR. 98 - 100 The identification
of abnormal breathing or agonal gasps is particularly important in the recognition of cardiac arrest by emergency
dispatchers. This abnormal pattern is described by a wide range of heterogeneous words and phrases: difficulty
breathing, poorly breathing, impaired breathing, occasional breathing, barely/hardly breathing, heavy breathing,
labored breathing, sighing, and strange breathing. 96, 101 The presence of agonal gasps is a factor that negatively
affects the identification of cardiac arrest. One study reported agonal gasps were present in 50% of cardiac
arrests that were not identified. 99 Training of emergency dispatchers in the recognition of agonal gasps has been
associated with increased dispatcher-guided CPR. 102,103
4.5.2 2015 Recommendations - Updated
It is recommended that emergency dispatchers determine if a patient is unconscious with abnormal
breathing after acquiring the requisite information to determine the location of the event.
(Class I, LOE C-LD)

Part 4: Systems of Care and Continuous Quality Improvement

14

If the patient is unconscious with abnormal or absent breathing, it is reasonable for the emergency
dispatcher to assume that the patient is in cardiac arrest. (Class IIa, LOE C-LD)

Dispatchers should be educated to identify unconsciousness with abnormal and agonal gasps across a
range of clinical presentations and descriptions. (Class I, LOE C-LD)
There are limited data regarding the use of emergency dispatchers to appropriately identify patients with
myocardial infarction. Using a protocol-driven approach, emergency dispatchers have been able to instruct
patients with symptoms to self-administer aspirin, but there has not been a study that showed this improved
outcomes. 104 However, in a system of care, identification by emergency dispatchers of symptoms that suggest a
myocardial infarction may assist in the triage of these patients by EMS personnel and result in rapid transport to
hospitals with adequate resources. In stroke patients, there is also evidence for reduced time from scene to
hospital, 105 and identification of stroke symptoms by emergency dispatchers and prehospital providers is
consistent with a system of care for the appropriate triage of stroke patients within that system of care.
4.6 Dispatcher Instruction in CPR - Updated
It has been hypothesized that dispatcher-initiated CPR instruction will improve outcomes, and the ILCOR
systematic review sought to identify evidence of improved outcomes. Dispatcher-initiated CPR instruction has
become integrated into many systems of care and viewed as an important link between the community and the
EMS system.
4.6.1 2015 Evidence Review - Updated
Evidence related to this question was assessed in several studies (1 meta-analysis, 3 randomized clinical trials,
and 11 observational studies). There was no statistical benefit in survival with favorable neurologic outcome at
the time of hospital discharge to 1 year. 103 ,106 - 108 A meta-analysis showed an absolute survival benefit of 2.4%
(95% confidence interval, 0.1%–4.9%) with the use of dispatcher instructions for continuous compressions over
traditional CPR. 109 There is no evidence, however, to show that dispatcher instructions were associated with
ROSC. 99, 106 When the use of dispatcher instructions on CPR parameters was evaluated, dispatcher-guided
CPR with bystander CPR initiation increased performance of chest compressions and ventilation. 107, 110 There
is no evidence that dispatcher-guided CPR decreases time to commence CPR. 98,100,103,111,112
4.6.2 2015 Recommendation - Updated
We recommend that dispatchers should provide chest compression-only CPR instructions to callers for
adults with suspected OHCA. (Class I, LOE C-LD)
4.7 Use of Social Media to Summon Rescuers - Updated EIT 878
Summoning rescuers to the scene of an OHCA may lead to initiation of CPR or defibrillation before the arrival of
dispatched EMS providers. In a few localities, a system of care has been evaluated that includes emergency
dispatcher activation of social media to summon nearby willing rescuers to provide bystander CPR until EMS
providers arrive. The 2015 ILCOR systematic review addressed whether EMS dispatchers summoning rescuers
with the use of technology or other social media improves patient outcomes.
4.7.1 2015 Evidence Review
Two case series examined the use of computer-generated phone calls and text messages sent to lay responders
within 500 or 1000 meters of patients with suspected cardiac arrest. In one study, lay responders arrived first in
44.6% of episodes, 113 while in the second study, time to first shock was improved. 114 In a randomized trial,
social media was used by dispatchers to notify nearby potential rescuers of a possible cardiac arrest. Although
few patients ultimately received CPR from volunteers dispatched by the notification system, there was a higher
rate of bystander-initiated CPR (62% vs 48% in control group). 115
4.7.2 2015 Recommendation - New
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Given the low risk of harm and the potential benefit of such notifications, it may be reasonable for
communities to incorporate, where available, social media technologies that summon rescuers who are
willing and able to perform CPR and are in close proximity to a suspected victim of OHCA.
(Class IIb, LOE B-R)
4.8 EMS and Transition to the Hospital
High-performance EMS is a key component of the OHCA system of care. An EMS culture of excellence
reinforces itself through CQI, whereby successful OHCA resuscitations are considered the norm rather than the
exception. Focused CQI review, supported by comprehensive data collection, seeks to evaluate what went right
and what went wrong during the resuscitation and apply lessons learned to future resuscitation efforts.
4.9 OHCA Quality Metrics
Continuous efforts to improve resuscitation outcomes are impossible without data capture. The collection of
resuscitation process measures is the underpinning of a system of care’s quality improvement efforts. The
ILCOR Consensus Statement “Cardiac Arrest and Cardiopulmonary Resuscitation Outcome Reports: Update of
the Utstein Resuscitation Registry Templates for Out-of-Hospital Cardiac Arrest” 116 includes recommendations
for cardiac arrest data collection based on updated and simplified Utstein templates. The core Utstein data set
capture is recommended as the minimum data required for CQI. These data form the data set for CPR registries
at all levels. In addition, supplementary data are essential for further resuscitation research. Examples of
supplementary data would be 12-lead ECG and CPR quality measurement—interventions available in some
prehospital settings but not all.
High-performance EMS responders understand that high-quality CPR is the foundation on which all of their
resuscitation efforts depend. Furthermore, when CPR quality is measured, responders strive to perform the
highest quality of CPR. Actual CPR performance improves when providers know that their performance is being
measured–the well-known Hawthorne effect. Chest compression fraction (the percent of total resuscitation time
spent compressing the chest), chest compression quality (rate, depth, and chest recoil), and ventilation rate are
fundamental metrics defining high-quality CPR. CPR quality measurement is needed to provide timely feedback
to the responding providers.
Advanced life support (ALS) bridges the transition from OHCA care to the receiving facility. ALS can provide the
OHCA patient with advanced cardiac monitoring, 12-lead ECG, additional defibrillation and cardioversion
interventions, vascular access, appropriate pharmacologic interventions, and advanced airway care. This same
broad scope of practice for ALS providers can be further leveraged to provide comprehensive postresuscitation
care (eg, hemodynamic optimization, oxygen- and volume-limiting ventilation) once ROSC is achieved.
4.10 ACS and STEMI Systems of Care
A systems-of-care approach to STEMI encompasses a well-organized approach with system-wide integration
that includes primary prevention and recognition, EMS, ED, in-hospital, specialty cardiac center, rehabilitation,
and secondary prevention community resources. This approach has all of the required elements and
characteristics of a system of care. The STEMI system of care starts with rapid identification by EMS providers in
the field. The goal for the EMS system is early identification, initial management, and transport to an appropriate
facility for definitive care.
The system begins with the community recognizing the signs of a potential ACS and calling 9-1-1 early.
Approximately 40% to 60% of STEMI patients call 9-1-1, and the remaining patients present directly to the
hospital. 117, 118 Given the risk of sudden cardiac arrest in these patients, improving the rate of calling 9-1-1 is a
clear goal. The dispatchers may provide prearrival advice (eg, early aspirin administration). On scene, the
paramedics will assess quickly; perform a prehospital 12-lead ECG; and administer aspirin, nitrates, and other
medications. Prompt identification of STEMI is the key that allows consideration of the method of reperfusion:
prehospital fibrinolysis, notification of the hospital for early in-hospital fibrinolysis, and/or specific hospital
destination with notification of the catheterization team for primary percutaneous coronary intervention (PPCI).
Interpretation of the prehospital ECG is critical to the process. The methods to interpret that ECG, which are
consistent with a system of care, are reviewed in “Part 9: Acute Coronary Syndromes.”
Prehospital fibrinolysis requires a system including provider expertise, well-established protocols, comprehensive
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training programs, medical oversight, and quality assurance. Not all systems may be able to support such a
program. Similarly, PPCI requires an infrastructure of high-volume local or regional cardiac catheterization
facilities and experienced providers. Thus, the decision regarding prehospital fibrinolysis, in-hospital fibrinolysis,
or transport directly to a PPCI center is determined by the local system’s resources.
The cardiac arrest and STEMI systems of care are linked in that a disproportionally high number of patients with
ACS and STEMI also have sudden cardiac arrest. A key part of the postarrest management is consideration of
patient evaluation in the catheterization laboratory. To achieve prompt recognition and treatment of ACS, the 2
systems of care—out of hospital care and in-hospital care—must be integrated.
4.11 Transport to Specialized Cardiac Arrest Centers

EIT 624

The 2015 ILCOR systematic review addressed whether transport of OHCA patients by EMS directly to a
specialist cardiac arrest center improves outcomes.
A cardiac resuscitation center is a hospital that provides evidence-based practice in resuscitation and
post?cardiac arrest care, including 24-hour, 7-day PCI capability; targeted temperature management,
cardiorespiratory and systems support with an adequate annual volume of cases; and commitment to ongoing
performance improvement that includes measurement, benchmarking, and both feedback and process change.
4.11.1 2015 Evidence Review - Updated
Only 1 prospective study 119 compared survival outcomes in OHCA patients who were transported to a critical
care medical center with those who were transported to a noncritical care hospital, while 20 observational
studies performed comparisons of patient destination based on differences in hospital characteristics, 85,120 - 127
transport times, 128 - 132 or before-and-after implementation of regionalized systems of care. 133 - 138 These
studies, reporting on more than 120 000 patients surviving to hospital discharge, suggest an association
between improved survival (or neurologically intact survival when reported) and patient transport to specialist
cardiac arrest centers.
4.11.2 2015 Recommendation
A regionalized approach to OHCA resuscitation that includes the use of cardiac resuscitation centers
may be considered. (Class IIb, LOE C-LD)
5 Continuous Quality Improvement
Over the past 15 years, we have seen considerable improvements in the number of survivors from both IHCA
and OHCA. These improvements have been associated with increased focus and attention in areas such as
increasing bystander CPR, improving CPR quality, early defibrillation and optimizing rapid response systems and
post?cardiac arrest care. The wide variability in survival that remains across systems, however, highlights the
success that individual high-performing systems have accomplished and pushes the envelope on what is
possible.
Certain qualities of a system of care make it effective and lead to desired outcomes. Whether it spans
organizations or is located within 1 unit, systems benefit from conscious pursuit of clarity, focus, discipline, and
engagement. 139 Successful systems of care in both the in-hospital and out-of-hospital settings engage in CQI.
There are numerous approaches to quality improvement that have been used across industries, but all of them
share several key concepts, including goal setting, a process-centric focus, measurement, and accountability.
5.1 Goal Setting
It is difficult to be successful without first defining what success is. And the definition of success, or the goal, has
to be defined specifically enough that a person and/or system can be held accountable to it. For most quality
improvement goals, that means specifying both the quantity of change expected and the date by which that
change is to be completed. For example, the AHA ECC 2020 Impact Goals include doubling survival from
cardiac arrests between 2010 and 2020 from 19% to 38% in hospitalized adults and from 7.9% to 15% for all outof hospital arrests. The goals also set a target of doubling bystander CPR rates from 31% to 62% and increasing
survival from cardiac arrests from 35% to 50% in hospitalized children. 140 These highly specific goals enable
evaluation of the current survival and bystander CPR rates in the context of both the progress made and work
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needed to achieve the stated goals by 2020.
Individual systems of care need to define their own goals based on their assessment of what the most important
outcomes are. In their book, The 4 Disciplines of Execution (4DX), McChesney and colleagues termed these the
“wildly important goals,” or WIGs, and cautioned against focusing on more than 1 or 2 at a time to ensure
success. 141 Subsystems can, in turn, focus on 1 to 2 WIGs in pursuit of system-wide WIGs. An example of a
WIG is the ECC Systems of Care Subcommittee’s including doubling of the number of states with CPR/AED
training as a high school graduation requirement, a metric the advocacy committee has been working hard to
achieve. Individual EMS systems may target the percentage of 9-1-1 calls for cardiac arrest with dispatcher
instructions, enabling the caller to start CPR within 1 minute. Hospitals, in pursuit of the ultimate goal of
decreasing cardiac arrest on the general wards, might target the number of RRT calls made for patients with
physiologic evidence of deterioration. The key is that these process-oriented measures, or lead measures, as
they are referred to in 4DX language, are in a system’s control to modify and are the ones most expected to
move the needle on the outcome metric of interest. The 4DX principle is to focus on the “wildly important” (but
lagging) goals while acting on the leading measures.
5.2 Effecting Change
Those responsible for improving a resuscitation system can choose from a number of scientific problem-solving
models to achieve continuous improvement (eg, Lean, Six Sigma, Total Quality Management, Plan-Do-CheckAct or Adjust, Plan-Do-Study-Act). While each has its own language and approach (eg, Lean, the continuous
transformation of waste into customer value by workers; Six Sigma, the continuous decrease of variation; and
PDCA, the iterative process of continuous small improvements; (Figure 4), each uses data to drive the process
improvement.
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Figure 4: The Plan-Do-Check-Act cycle

The framework used is not as important as an agreed-upon method and language and an established process
whereby improvements are made after direct observation and analysis of root causes, with changes piloted as
experiments, ideally by the workers who propose them. This drive—to improve continually a complex system’s
performance to meet its goal—characterizes the best systems, sometimes described as complex adaptive
systems. The individuals and leaders in the system continually assess processes, form hypotheses, design
possible improvements, run experiments, check results, and reflect—and then start again. 142
5.2.1 Measurement
Goal setting and effecting change are data-driven processes. As such, they are dependent on regular and
accurate measurement of the process and outcome variables. Candidate measures have been defined in Utstein
guidelines and AHA consensus statements for the benefit of generalizability and to enable comparisons across
systems, but they are not consistently used. Registries such as Get With The Guidelines-Resuscitation and the
Cardiac Arrest Registry to Enhance Survival exist for this purpose as well, but they currently represent only a
small fraction of existing hospitals and EMS systems. 143 - 145 Significant improvement in arrest outcomes
depends on collection, analysis, feedback, and interventions based on data and observations. This includes
measuring structure, process, and outcomes of the steps involved in the resuscitation system of care. Only once
these data are routinely collected will it be possible to continuously evaluate and improve what is done.
5.2.2 Accountability
For data to be useful, it has to be fed back to the team and used to assess progress toward the goal. That
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requires people to be accountable to that data for making the next round of changes. In the OHCA system of
care, such stakeholders should come equally from the community, the EMS and the hospital systems of care. In
the hospital, candidates for accountability include resuscitation team members; CPR committee members; and
senior executives, including the chief quality, nursing, or medical officer. In the United Kingdom, every hospital is
required to have a resuscitation officer for oversight of the IHCA program at that facility. The resuscitation
officer’s responsibilities include ensuring appropriate and timely recognition of cardiac arrest, effective and timely
interventions, and the necessary processes and training to optimize outcome. Strong leadership is considered a
necessary component for a highly performing enterprise. In light of the number of IHCAs, the variability of IHCA
incidences and outcomes, and the potential to save more lives, perhaps it is time for US hospitals to have
resuscitation officers with appropriate authority, responsibility, resources, and accountability to lead hospital
resuscitation programs.
6 Conclusion
Using a systems-of-care approach as well as a rigorous process for CQI that is based on data can lead to
improvements in the process for managing patients with cardiac arrest and improving their outcomes. We have
learned a lot from high-performing systems and have made considerable progress over the past decade. But the
current variability in survival from cardiac arrest shows that both IHCA and OHCA systems have the potential for
substantial improvement. Continued improvement in the processes of managing patients before, during, and
after cardiac arrest will require intense focus on consistent, clear goals aimed at decreasing incidence of and
improving survival from cardiac arrest. Change will depend on engaged team members willing to be accountable
for seeing those goals to fruition while actively working on improving process. And all of these aspects will
demand high-quality data measurement, feedback, and comparison.
7 Authorship and Disclosures
7.1 2015 Writing Team
Steven L. Kronick, Chair; Michael C. Kurz; Steve Lin; Dana P. Edelson; Robert A. Berg; John E. Billi; Jose G.
Cabanas; David C. Cone; Deborah B. Diercks; James K. Foster; Reylon A. Meeks; Andrew H. Travers; Michelle
Welsford
Table 1: 2015 - Part 4: Systems of Care and Continuous Quality Improvement: 2015 Guidelines Update
Writing Group Disclosures
Open table in a new window

Part 4: Systems of Care and Continuous Quality Improvement: 2015 Guidelines Update Writing Group
Disclosures
Writing
Group
Member

Employment

Research
Grant

Other
Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Consultant/Advisory
Other
Interest
Board

Steven L.
Kronick

University
of
Michigan

None

None

None

None

None

None

None

Robert A.
Berg

Children’s
Hospital of
Philadelphia

None

None

None

None

None

None

None

Part 4: Systems of Care and Continuous Quality Improvement

Writing
Group
Member

20

Research
Grant

Other
Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

The
University
of
Michigan
Medical
School

None

None

None

None

None

None

None

Jose G.
Cabanas

City of
Austin

None

None

None

None

None

None

None

David C.
Cone

Yale
University
School of
Medicine

None

None

None

None

None

None

None

Deborah
B. Diercks

University
of
California
Davis
Medical
Center

Astra
Zeneca*;
PCORI*

University
of Chicago

American
Heart
Association/Laerdal
None
Medical†;
NIH†

John E.
Billi

Dana P.
Edelson

Employment

James
(Jim)
Foster

University
of Alaska

Michael C.
Kurz

University
NIH†;
of
RPS*
Alabama
at
Birmingham

None

None

None

None

None

None

None

None

None

None

Zoll
Medical
Corporation*

None

Ownership
Consultant/Advisory
Other
Interest
Board

None

QuantHC†;
Patent
Pending
ARCD.
P0535US.P2†

None

Society of
Cardiovascular
Patient
Care*

None

None

None

None

None

None

None

None

Part 4: Systems of Care and Continuous Quality Improvement

Writing
Group
Member
Steve Lin

Employment

Li Ka
Shing
Knowledge
Institute of
St.
Michael’s
Hospital

Research
Grant

Canadian
Institutes
None of
Health
Research†;
Academic
Health
Sciences
Centre
(AHSC)
Alternative
Funding
Plan
Innovation
Fund†;
Physicians’
Services
Incorporated
(PSI)
Foundation†;
Canadian
Association
of
Emergency
Physicians*

21

Other
Research
Support

Speakers’
Bureau/
Honoraria

Expert
Witness

None

None

None

None

None

None

Ownership
Consultant/Advisory
Other
Interest
Board

Reylon A.
Meeks

Blank
Children’s
Hospital

None

None

None

None

None

None

None

Michelle
Welsford

Centre for
Paramedic
Education
and
Research,
Hamilton
Health
Sciences
Centre

None

None

None

None

None

None

None

Consultant
Andrew H.
Travers

Emergency
Health
Services,
Nova
Scotia

None

None

None

None

None

American
Heart
Association†

None

Part 4: Systems of Care and Continuous Quality Improvement

Writing
Group
Member

Employment

Research
Grant

Other
Research
Support

22

Speakers’
Bureau/
Honoraria

Expert
Witness

Ownership
Consultant/Advisory
Other
Interest
Board

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. *Modest. †Significant.

8 Footnotes
The American Heart Association requests that this document be cited as follows:
American Heart Association. Web-based Integrated Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care – Part 4: Systems of Care and Continuous Quality Improvement.
ECCguidelines.heart.org.
© Copyright 2015 American Heart Association, Inc.

References

1. Ringh M, Rosenqvist M, Hollenberg J, et al. Mobile-phone dispatch of laypersons for CPR in out-of-hospital cardiac arrest. N Engl J
Med. 2015;372(24):2316-2325.
2. Cummins RO, Ornato JP, Thies WH, Pepe PE. Improving survival from sudden cardiac arrest: the “chain of survival” concept. A
statement for health professionals from the Advanced Cardiac Life Support Subcommittee and the Emergency Cardiac Care
Committee, American Heart Association. Circulation. 1991;83:1832–1847.
3. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman
MD, Judd SE, Kissela BM, Lackland DT, Lichtman JH, Lisabeth LD, Liu S, Mackey RH, Matchar DB, McGuire DK, Mohler ER 3rd, Moy
CS, Muntner P, Mussolino ME, Nasir K, Neumar RW, Nichol G, Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ, Sorlie PD,
Stein J, Towfighi A, Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner MB; on behalf of the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Heart disease and stroke statistics—2015 update: a report from the American Heart
Association. Circulation. 2015;131:e29–e322. doi: 10.1161/CIR.0000000000000152.
4. Knudson JD, Neish SR, Cabrera AG, Lowry AW, Shamszad P, Morales DL, Graves DE, Williams EA, Rossano JW. Prevalence and
outcomes of pediatric in-hospital cardiopulmonary resuscitation in the United States: an analysis of the Kids’ Inpatient Database. Crit
Care Med. 2012;40: 2940–2944. doi: 10.1097/CCM.0b013e31825feb3f.
5. Nadkarni VM, Larkin GL, Peberdy MA, Carey SM, Kaye W, Mancini ME, Nichol G, Lane-Truitt T, Potts J, Ornato JP, Berg RA; National
Registry of Cardiopulmonary Resuscitation Investigators. First documented rhythm and clinical outcome from in-hospital cardiac arrest
among children and adults. JAMA. 2006;295:50–57. doi: 10.1001/jama.295.1.50.
6. Girotra S, Nallamothu BK, Spertus JA, Li Y, Krumholz HM, Chan PS; American Heart Association Get with the
Guidelines–Resuscitation Investigators. Trends in survival after in-hospital cardiac arrest. N Engl J Med. 2012;367:1912–1920. doi:
10.1056/NEJMoa1109148.
7. Girotra S, Spertus JA, Li Y, Berg RA, Nadkarni VM, Chan PS; American Heart Association Get With The Guidelines–Resuscitation
Investigators. Survival trends in pediatric in-hospital cardiac arrests: an analysis from Get With The Guidelines-Resuscitation. Circ
Cardiovasc Qual Outcomes. 2013;6:42–49. doi: 10.1161/CIRCOUTCOMES.112.967968.
8. Merchant RM, Yang L, Becker LB, Berg RA, Nadkarni V, Nichol G, Carr BG, Mitra N, Bradley SM, Abella BS, Groeneveld PW;
American Heart Association Get With the Guideline-Resuscitation Investigators. Variability in case-mix adjusted in-hospital cardiac
arrest rates. Med Care. 2012;50:124–130. doi: 10.1097/MLR.0b013e31822d5d17.
9. Merchant FM, Jones P, Wehrenberg S, Lloyd MS, Saxon LA. Incidence of defibrillator shocks after elective generator exchange
following uneventful first battery life. J Am Heart Assoc. 2014;3:e001289. doi: 10.1161/ JAHA.114.001289.

Part 4: Systems of Care and Continuous Quality Improvement

23

10. Jayaram N, Spertus JA, Nadkarni V, Berg RA, Tang F, Raymond T, Guerguerian AM, Chan PS; American Heart Association’s Get with
the Guidelines-Resuscitation Investigators. Hospital variation in survival after pediatric in-hospital cardiac arrest. Circ Cardiovasc Qual
Outcomes. 2014;7:517–523. doi: 10.1161/CIRCOUTCOMES.113.000691.
11. Peberdy MA, Ornato JP, Larkin GL, Braithwaite RS, Kashner TM, Carey SM, Meaney PA, Cen L, Nadkarni VM, Praestgaard AH, Berg
RA; National Registry of Cardiopulmonary Resuscitation Investigators. Survival from in-hospital cardiac arrest during nights and
weekends. JAMA. 2008;299:785–792. doi: 10.1001/jama.299.7.785.
12. Chan PS, Nichol G, Krumholz HM, Spertus JA, Jones PG, Peterson ED, Rathore SS, Nallamothu BK; American Heart Association
National Registry of Cardiopulmonary Resuscitation (NRCPR) Investigators. Racial differences in survival after in-hospital cardiac
arrest. JAMA. 2009;302:1195–1201. doi: 10.1001/jama.2009.1340.
13. Berg RA, Sutton RM, Holubkov R, Nicholson CE, Dean JM, Harrison R, Heidemann S, Meert K, Newth C, Moler F, Pollack M, Dalton H,
Doctor A, Wessel D, Berger J, Shanley T, Carcillo J, Nadkarni VM; Eunice Kennedy Shriver National Institute of Child Health and
Human Development Collaborative Pediatric Critical Care Research Network and for the American Heart Association’s Get With The
Guidelines- Resuscitation (formerly the National Registry of Cardiopulmonary Resuscitation) Investigators. Ratio of PICU versus ward
cardiopulmonary resuscitation events is increasing. Crit Care Med. 2013;41:2292–2297. doi: 10.1097/CCM.0b013e31828cf0c0.
14. Girotra S, Cram P, Spertus JA, Nallamothu BK, Li Y, Jones PG, Chan PS; American Heart Association’s Get With the Guidelines®Resuscitation Investigators. Hospital variation in survival trends for in- hospital cardiac arrest. J Am Heart Assoc. 2014;3:e000871. doi:
10.1161/ JAHA.114.000871.
15. Fuhrmann L, Lippert A, Perner A, Østergaard D. Incidence, staff awareness and mortality of patients at risk on general wards.
Resuscitation. 2008;77:325–330. doi: 10.1016/j.resuscitation.2008.01.009.
16. Peberdy MA, Cretikos M, Abella BS, DeVita M, Goldhill D, Kloeck W, Kronick SL, Morrison LJ, Nadkarni VM, Nichol G, Nolan JP, Parr
M, Tibballs J, van der Jagt EW, Young L. Recommended guidelines for monitoring, reporting, and conducting research on medical
emergency team, outreach, and rapid response systems: an Utstein-style scientific statement: a scientific statement from the
International Liaison Committee on Resuscitation (American Heart Association, Australian Resuscitation Council, European
Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern
Africa, and the New Zealand Resuscitation Council); the American Heart Association Emergency Cardiovascular Care Committee; the
Council on Cardiopulmonary, Perioperative, and Critical Care; and the Interdisciplinary Working Group on Quality of Care and
Outcomes Research. Circulation. 2007;116:2481–2500. doi: 10.1161/ CIRCULATIONAHA.107.186227.
17. Devita MA, Bellomo R, Hillman K, Kellum J, Rotondi A, Teres D, Auerbach A, Chen WJ, Duncan K, Kenward G, Bell M, Buist M, Chen
J, Bion J, Kirby A, Lighthall G, Ovreveit J, Braithwaite RS, Gosbee J, Milbrandt E, Peberdy M, Savitz L, Young L, Harvey M, Galhotra S.
Findings of the first consensus conference on medical emergency teams. Crit Care Med. 2006;34:2463–2478. doi:
10.1097/01.CCM.0000235743.38172.6E.
18. Subbe CP, Davies RG, Williams E, Rutherford P, Gemmell L. Effect of introducing the Modified Early Warning score on clinical
outcomes, cardio-pulmonary arrests and intensive care utilisation in acute medical admissions. Anaesthesia. 2003;58:797–802.
19. Priestley G, Watson W, Rashidian A, Mozley C, Russell D, Wilson J, Cope J, Hart D, Kay D, Cowley K, Pateraki J. Introducing Critical
Care Outreach: a ward-randomised trial of phased introduction in a gen- eral hospital. Intensive Care Med. 2004;30:1398–1404. doi:
10.1007/ s00134-004-2268-7.
20. Al-Qahtani S, Al-Dorzi HM, Tamim HM, Hussain S, Fong L, Taher S, Al-Knawy BA, Arabi Y. Impact of an intensivist-led multidisciplinary
extended rapid response team on hospital-wide cardiopulmonary arrests and mortality. Crit Care Med. 2013;41:506–517. doi: 10.1097/
CCM.0b013e318271440b.
21. Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart GK, Opdam H, Silvester W, Doolan L, Gutteridge G. A prospective before-andafter trial of a medical emergency team. Med J Aust. 2003;179:283–287.
22. Buist MD, Moore GE, Bernard SA, Waxman BP, Anderson JN, Nguyen TV. Effects of a medical emergency team on reduction of
incidence of and mortality from unexpected cardiac arrests in hospital: preliminary study. BMJ. 2002;324:387–390.
23. Laurens N, Dwyer T. The impact of medical emergency teams on ICU admission rates, cardiopulmonary arrests and mortality in a
regional hospital. Resuscitation. 2011;82:707–712. doi: 10.1016/j. resuscitation.2010.11.031.
24. Moon A, Cosgrove JF, Lea D, Fairs A, Cressey DM. An eight year audit before and after the introduction of modified early warning
score (MEWS) charts, of patients admitted to a tertiary referral intensive care unit after CPR. Resuscitation. 2011;82:150–154. doi:
10.1016/j.resuscitation.2010.09.480.
25. Sabahi M, Fanaei SA, Ziaee SA, Falsafi FS. Efficacy of a rapid response team on reducing the incidence and mortality of unexpected
cardiac arrests. Trauma Mon. 2012;17:270–274. doi: 10.5812/traumamon.4170.
26. Dacey MJ, Mirza ER, Wilcox V, Doherty M, Mello J, Boyer A, Gates J, Brothers T, Baute R. The effect of a rapid response team on
major clinical outcome measures in a community hospital. Crit Care Med. 2007;35:2076–2082.
27. Sarani B, Palilonis E, Sonnad S, Bergey M, Sims C, Pascual JL, Schweickert W. Clinical emergencies and outcomes in patients
admitted to a surgical versus medical service. Resuscitation. 2011;82:415–418. doi: 10.1016/j.resuscitation.2010.12.005.

Part 4: Systems of Care and Continuous Quality Improvement

24

28. Beitler JR, Link N, Bails DB, Hurdle K, Chong DH. Reduction in hospital-wide mortality after implementation of a rapid response team: a
long- term cohort study. Crit Care. 2011;15:R269. doi: 10.1186/cc10547.
29. Konrad D, Jäderling G, Bell M, Granath F, Ekbom A, Martling CR. Reducing in-hospital cardiac arrests and hospital mortality by
introducing a medical emergency team. Intensive Care Med. 2010;36:100–106. doi: 10.1007/s00134-009-1634-x.
30. Chan PS, Khalid A, Longmore LS, Berg RA, Kosiborod M, Spertus JA. Hospital-wide code rates and mortality before and after
implementation of a rapid response team. JAMA. 2008;300:2506–2513. doi: 10.1001/ jama.2008.715.
31. Bristow PJ, Hillman KM, Chey T, Daffurn K, Jacques TC, Norman SL, Bishop GF, Simmons EG. Rates of in-hospital arrests, deaths
and intensive care admissions: the effect of a medical emergency team. Med J Aust. 2000;173:236–240.
32. Lighthall GK, Parast LM, Rapoport L, Wagner TH. Introduction of a rapid response system at a United States veterans affairs hospital
reduced cardiac arrests. Anesth Analg. 2010;111:679–686. doi: 10.1213/ ANE.0b013e3181e9c3f3.
33. Howell MD, Ngo L, Folcarelli P, Yang J, Mottley L, Marcantonio ER, Sands KE, Moorman D, Aronson MD. Sustained effectiveness of a
primary-team-based rapid response system. Crit Care Med. 2012;40:2562– 2568. doi: 10.1097/CCM.0b013e318259007b.
34. Santamaria J, Tobin A, Holmes J. Changing cardiac arrest and hospital mortality rates through a medical emergency team takes time
and constant review. Crit Care Med. 2010;38:445–450. doi: 10.1097/ CCM.0b013e3181cb0ff1.
35. Baxter AD, Cardinal P, Hooper J, Patel R. Medical emergency teams at The Ottawa Hospital: the first two years. Can J Anaesth.
2008;55:223– 231. doi: 10.1007/BF03021506.
36. Benson L, Mitchell C, Link M, Carlson G, Fisher J. Using an advanced practice nursing model for a rapid response team. Jt Comm J
Qual Patient Saf. 2008;34:743–747.
37. Campello G, Granja C, Carvalho F, Dias C, Azevedo LF, Costa-Pereira A. Immediate and long-term impact of medical emergency
teams on cardiac arrest prevalence and mortality: a plea for periodic basic life-support training programs. Crit Care Med.
2009;37:3054–3061. doi: 10.1097/ CCM.0b013e3181b02183.
38. Offner PJ, Heit J, Roberts R. Implementation of a rapid response team decreases cardiac arrest outside of the intensive care unit. J
Trauma. 2007;62:1223–1227; discussion 1227. doi: 10.1097/ TA.0b013e31804d4968.
39. Moldenhauer K, Sabel A, Chu ES, Mehler PS. Clinical triggers: an alternative to a rapid response team. Jt Comm J Qual Patient Saf.
2009;35:164–174.
40. Rothberg MB, Belforti R, Fitzgerald J, Friderici J, Keyes M. Four years’ experience with a hospitalist-led medical emergency team: an
interrupted time series. J Hosp Med. 2012;7:98–103. doi: 10.1002/jhm.953.
41. DeVita MA, Braithwaite RS, Mahidhara R, Stuart S, Foraida M, Simmons RL; Medical Emergency Response Improvement Team
(MERIT). Use of medical emergency team responses to reduce hospital cardiopulmonary arrests. Qual Saf Health Care.
2004;13:251–254. doi: 10.1136/ qhc.13.4.251.
42. Hayani O, Al-Beihany A, Zarychanski R, Chou A, Kharaba A, Baxter A, Patel R, Allan DS. Impact of critical care outreach on
hematopoietic stem cell transplant recipients: a cohort study. Bone Marrow Transplant. 2011;46:1138–1144. doi: 10.1038/bmt.2010.248.
43. Jones S, Mullally M, Ingleby S, Buist M, Bailey M, Eddleston JM. Bedside electronic capture of clinical observations and automated
clinical alerts to improve compliance with an Early Warning Score protocol. Crit Care Resusc. 2011;13:83–88.
44. Kenward G, Castle N, Hodgetts T, Shaikh L. Evaluation of a medical emergency team one year after implementation. Resuscitation.
2004;61: 257–263. doi: 10.1016/j.resuscitation.2004.01.021.
45. Lim SY, Park SY, Park HK, Kim M, Park HY, Lee B, Lee JH, Jung EJ, Jeon K, Park CM, Ko MG, Park MR, Nam JM, Won SY, Jung JH,
Cho SH, Suh GY. Early impact of medical emergency team implementation in a country with limited medical resources: a before-andafter study. J Crit Care. 2011;26:373–378. doi: 10.1016/j.jcrc.2010.08.019.
46. Patel MS, Jones MA, Jiggins M, Williams SC. Does the use of a “track and trigger” warning system reduce mortality in trauma patients?
Injury. 2011;42:1455–1459. doi: 10.1016/j.injury.2011.05.030.
47. Scherr K, Wilson DM, Wagner J, Haughian M. Evaluating a new rapid response team: NP-led versus intensivist-led comparisons.
AACN Adv Crit Care. 2012;23:32–42. doi: 10.1097/NCI.0b013e318240e2f9.
48. Shah SK, Cardenas VJ Jr, Kuo YF, Sharma G. Rapid response team in an academic institution: does it make a difference? Chest.
2011;139: 1361–1367. doi: 10.1378/chest.10-0556.
49. Simmes FM, Schoonhoven L, Mintjes J, Fikkers BG, van der Hoeven JG. Incidence of cardiac arrests and unexpected deaths in
surgical patients before and after implementation of a rapid response system. Ann Intensive Care. 2012;2:20. doi: 10.1186/2110-58202-20.
50. Snyder CW, Patel RD, Roberson EP, Hawn MT. Unplanned intubation after surgery: risk factors, prognosis, and medical emergency
team effects. Am Surg. 2009;75:834–838.

Part 4: Systems of Care and Continuous Quality Improvement

25

51. Vazquez R, Gheorghe C, Grigoriyan A, Palvinskaya T, Amoateng- Adjepong Y, Manthous CA. Enhanced end-of-life care associated
with deploying a rapid response team: a pilot study. J Hosp Med. 2009;4:449– 452. doi: 10.1002/jhm.451.
52. Rothschild JM, Woolf S, Finn KM, Friedberg MW, Lemay C, Furbush KA, Williams DH, Bates DW. A controlled trial of a rapid response
system in an academic medical center. Jt Comm J Qual Patient Saf. 2008;34: 417–425, 365.
53. Hunt EA, Zimmer KP, Rinke ML, Shilkofski NA, Matlin C, Garger C, Dickson C, Miller MR. Transition from a traditional code team to a
medical emergency team and categorization of cardiopulmonary arrests in a children’s center. Arch Pediatr Adolesc Med.
2008;162:117–122. doi: 10.1001/archpediatrics.2007.33.
54. Sharek PJ, Parast LM, Leong K, Coombs J, Earnest K, Sullivan J, Frankel LR, Roth SJ. Effect of a rapid response team on hospitalwide mortality and code rates outside the ICU in a Children’s Hospital. JAMA. 2007;298:2267–2274. doi: 10.1001/jama.298.19.2267.
55. Anwar-ul-Haque, Saleem AF, Zaidi S, Haider SR. Experience of pediatric rapid response team in a tertiary care hospital in Pakistan.
Indian J Pediatr. 2010;77:273–276. doi: 10.1007/s12098-010-0032-2.
56. Kotsakis A, Lobos AT, Parshuram C, Gilleland J, Gaiteiro R, Mohseni- Bod H, Singh R, Bohn D; Ontario Pediatric Critical Care
Response Team Collaborative. Implementation of a multicenter rapid response system in pediatric academic hospitals is effective.
Pediatrics. 2011;128:72–78. doi: 10.1542/peds.2010-0756.
57. Hanson CC, Randolph GD, Erickson JA, Mayer CM, Bruckel JT, Harris BD, Willis TS. A reduction in cardiac arrests and duration of
clinical instability after implementation of a paediatric rapid response system. Postgrad Med J. 2010;86:314–318. doi:
10.1136/qshc.2007.026054.
58. Zenker P, Schlesinger A, Hauck M, Spencer S, Hellmich T, Finkelstein M, Thygeson MV, Billman G. Implementation and impact of a
rapid response team in a children’s hospital. Jt Comm J Qual Patient Saf. 2007;33:418–425.
59. Brilli RJ, Gibson R, Luria JW, Wheeler TA, Shaw J, Linam M, Kheir J, McLain P, Lingsch T, Hall-Haering A, McBride M. Implementation
of a medical emergency team in a large pediatric teaching hospital prevents respiratory and cardiopulmonary arrests outside the
intensive care unit. Pediatr Crit Care Med. 2007;8:236–246; quiz 247. doi: 10.1097/01. PCC.0000262947.72442.EA.
60. Tibballs J, Kinney S. Reduction of hospital mortality and of preventable cardiac arrest and death on introduction of a pediatric medical
emergency team. Pediatr Crit Care Med. 2009;10:306–312. doi: 10.1097/ PCC.0b013e318198b02c.
61. Randhawa S, Roberts-Turner R, Woronick K, DuVal J. Implementing and sustaining evidence-based nursing practice to reduce
pediatric cardiopulmonary arrest. West J Nurs Res. 2011;33:443–456. doi: 10.1177/0193945910379585.
62. Cardoso LT, Grion CM, Matsuo T, Anami EH, Kauss IA, Seko L, Bonametti AM. Impact of delayed admission to intensive care units on
mortality of critically ill patients: a cohort study. Crit Care. 2011;15:R28. doi: 10.1186/cc9975.
63. Meaney PA, Bobrow BJ, Mancini ME, Christenson J, de Caen AR, Bhanji F, Abella BS, Kleinman ME, Edelson DP, Berg RA,
Aufderheide TP, Menon V, Leary M; CPR Quality Summit Investigators, the American Heart Association Emergency Cardiovascular
Care Committee, and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Cardiopulmonary resuscitation
quality: [corrected] improving cardiac resuscitation outcomes both inside and outside the hospital: a consensus statement from the
American Heart Association. Circulation. 2013;128:417–435. doi: 10.1161/ CIR.0b013e31829d8654.
64. Edelson DP, Yuen TC, Mancini ME, Davis DP, Hunt EA, Miller JA, Abella BS. Hospital cardiac arrest resuscitation practice in the United
States: a nationally representative survey. J Hosp Med. 2014;9:353–357. doi: 10.1002/jhm.2174.
65. Mancini ME, Soar J, Bhanji F, Billi JE, Dennett J, Finn J, Ma MH, Perkins GD, Rodgers DL, Hazinski MF, Jacobs I, Morley PT; on
behalf of the Education, Implementation, and Teams Chapter Collaborators. Part 12: education, implementation, and teams: 2010
International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment
Recommendations. Circulation. 2010;122(suppl 2):S539–S581. doi: 10.1161/CIRCULATIONAHA.110.971143.
66. Soar J, Mancini ME, Bhanji F, Billi JE, Dennett J, Finn J, Ma MH, Perkins GD, Rodgers DL, Hazinski MF, Jacobs I, Morley PT;
Education, Implementation, and Teams Chapter Collaborators. Part 12: education, implementation, and teams: 2010 International
Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations.
Resuscitation. 2010;81 suppl 1:e288–e330. doi: 10.1016/j.resuscitation.2010.08.030.
67. Hunziker S, Johansson AC, Tschan F, Semmer NK, Rock L, Howell MD, Marsch S. Teamwork and leadership in cardiopulmonary
resuscitation. J Am Coll Cardiol. 2011;57:2381–2388. doi: 10.1016/j. jacc.2011.03.017.
68. Hunziker S, Bühlmann C, Tschan F, Balestra G, Legeret C, Schumacher C, Semmer NK, Hunziker P, Marsch S. Brief leadership
instructions improve cardiopulmonary resuscitation in a high-fidelity simulation: a randomized controlled trial. Crit Care Med.
2010;38:1086–1091. doi: 10.1097/CCM.0b013e3181cf7383.
69. Ten Eyck RP, Tews M, Ballester JM, Hamilton GC. Improved fourth-year medical student clinical decision-making performance as a
resuscitation team leader after a simulation-based curriculum. Simul Healthc. 2010;5:139–145. doi: 10.1097/SIH.0b013e3181cca544.
70. Fernandez Castelao E, Russo SG, Cremer S, Strack M, Kaminski L, Eich C, Timmermann A, Boos M. Positive impact of crisis resource
management training on no-flow time and team member verbalisations during simulated cardiopulmonary resuscitation: a randomised
controlled trial. Resuscitation. 2011;82:1338–1343. doi: 10.1016/j. resuscitation.2011.05.009.

Part 4: Systems of Care and Continuous Quality Improvement

71. Ornato JP, Peberdy MA. Applying lessons from commercial aviation safety and operations to resuscitation. Resuscitation.
2014;85:173–176. doi: 10.1016/j.resuscitation.2013.10.029.
72. Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M, Callaway CW, Kudenchuk PJ, Ornato JP, McNally B, Silvers SM, Passman
RS, White RD, Hess EP, Tang W, Davis D, Sinz E, Morrison LJ. Part 8: adult advanced cardiovascular life support: 2010 American
Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. 2010;122(suppl
3):S729–S767. doi: 10.1161/CIRCULATIONAHA.110.970988.
73. Kleinman ME, Chameides L, Schexnayder SM, Samson RA, Hazinski MF, Atkins DL, Berg MD, de Caen AR, Fink EL, Freid EB, Hickey
RW, Marino BS, Nadkarni VM, Proctor LT, Qureshi FA, Sartorelli K, Topjian A, van der Jagt EW, Zaritsky AL. Part 14: pediatric
advanced life support: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation. 2010;122(suppl 3):S876–S908. doi: 10.1161/ CIRCULATIONAHA.110.971101.
74. Cooper S. Developing leaders for advanced life support: evaluation of a training programme. Resuscitation. 2001;49:33–38.
75. DePriest J, Fee-Mulhearn AL, Teleron A. A novel ACLS team leader checklist implemented to improve resuscitation efforts.
Resuscitation. 2013;84:e115. doi: 10.1016/j.resuscitation.2013.03.002.
76. Bhanji F, Mancini ME, Sinz E, Rodgers DL, McNeil MA, Hoadley TA, Meeks RA, Hamilton MF, Meaney PA, Hunt EA, Nadkarni VM,
Hazinski MF. Part 16: education, implementation, and teams: 2010 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation. 2010;122(suppl 3): S920–S933. doi:
10.1161/CIRCULATIONAHA.110.971135.
77. Weidman EK, Bell G, Walsh D, Small S, Edelson DP. Assessing the impact of immersive simulation on clinical performance during
actual in-hospital cardiac arrest with CPR-sensing technology: a randomized feasibility study. Resuscitation. 2010;81:1556–1561. doi:
10.1016/j. resuscitation.2010.05.021.
78. Yeung J, Meeks R, Edelson D, Gao F, Soar J, Perkins GD. The use of CPR feedback/prompt devices during training and CPR
performance: A systematic review. Resuscitation. 2009;80:743–751. doi: 10.1016/j. resuscitation.2009.04.012.
79. Niles D, Sutton RM, Donoghue A, Kalsi MS, Roberts K, Boyle L, Nishisaki A, Arbogast KB, Helfaer M, Nadkarni V. “Rolling Refreshers”:
a novel approach to maintain CPR psychomotor skill competence. Resuscitation. 2009;80:909–912. doi:
10.1016/j.resuscitation.2009.04.021.
80. Sutton RM, Niles D, Meaney PA, Aplenc R, French B, Abella BS, Lengetti EL, Berg RA, Helfaer MA, Nadkarni V. Low-dose, highfrequency CPR training improves skill retention of in-hospital pediatric providers. Pediatrics. 2011;128:e145–e151. doi:
10.1542/peds.2010-2105.
81. Wolfe H, Maltese MR, Niles DE, Fischman E, Legkobitova V, Leffelman J, Berg RA, Nadkarni VM, Sutton RM. Blood pressure directed
booster trainings improve intensive care unit provider retention of excellent cardiopulmonary resuscitation skills. Pediatr Emerg Care.
2015:Epub ahead of print.
82. Spearpoint KG, Gruber PC, Brett SJ. Impact of the Immediate Life Support course on the incidence and outcome of in-hospital cardiac
arrest calls: an observational study over 6 years. Resuscitation. 2009;80:638–643. doi: 10.1016/j.resuscitation.2009.03.002.
83. Edelson DP, Litzinger B, Arora V, Walsh D, Kim S, Lauderdale DS, Vanden Hoek TL, Becker LB, Abella BS. Improving in-hospital
cardiac arrest process and outcomes with performance debriefing. Arch Intern Med. 2008;168:1063–1069. doi:
10.1001/archinte.168.10.1063.
84. Wolfe H, Zebuhr C, Topjian AA, Nishisaki A, Niles DE, Meaney PA, Boyle L, Giordano RT, Davis D, Priestley M, Apkon M, Berg RA,
Nadkarni VM, Sutton RM. Interdisciplinary ICU cardiac arrest debriefing improves survival outcomes. Crit Care Med.
2014;42:1688–1695. doi: 10.1097/CCM.0000000000000327.
85. NeumarRW,NolanJP,AdrieC,AibikiM,BergRA,BöttigerBW,CallawayC, Clark RS, Geocadin RG, Jauch EC, Kern KB, Laurent I,
Longstreth WT Jr, Merchant RM, Morley P, Morrison LJ, Nadkarni V, Peberdy MA, Rivers EP, Rodriguez-Nunez A, Sellke 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 Association, Australian and New
Zealand Council on Resuscitation, European Resuscitation Council, Heart and Stroke Foundation of Canada, InterAmerican Heart
Foundation, Resuscitation Council of Asia, and the Resuscitation 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. doi:
10.1161/CIRCULATIONAHA.108.190652.
86. Carr BG, Kahn JM, Merchant RM, Kramer AA, Neumar RW. Inter-hospital variability in post-cardiac arrest mortality. Resuscitation.
2009;80:30–34. doi: 10.1016/j.resuscitation.2008.09.001.
87. 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. doi: 10.1161/CIRCULATIONAHA.107.189472.

26

Part 4: Systems of Care and Continuous Quality Improvement

88. Sayre MR, Berg RA, Cave DM, Page RL, Potts J, White RD; American Heart Association Emergency Cardiovascular Care Committee.
Hands-only (compression-only) cardiopulmonary resuscitation: a call to action for bystander response to adults who experience out- ofhospital sudden cardiac arrest: a science advisory for the public from the American Heart Association Emergency Cardiovascular Care
Committee. Circulation. 2008;117:2162–2167. doi: 10.1161/ CIRCULATIONAHA.107.189380.
89. Hallstrom AP, Ornato JP, Weisfeldt M, Travers A, Christenson J, McBurnie MA, Zalenski R, Becker LB, Schron EB, Proschan M; Public
Access Defibrillation Trial Investigators. Public-access defibrillation and survival after out-of-hospital cardiac arrest. N Engl J Med.
2004;351:637–646. doi: 10.1056/NEJMoa040566.
90. Perkins GD, Travers AH, Berg RA, Castren M, Considine J, Escalante R, Gazmuri RJ, Koster RW, Lim SH, Nation KJ, Olasveengen
TM, Sakamoto T, Sayre MR, Sierra A, Smyth MA, Stanton D, Vaillancourt C; Part 3: adult basic life support and automated external
defibrillation: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With
Treatment Recommendations. Resuscitation. 2015. In press.
91. Travers AH, Perkins GD, Berg RA, Castren M, Considine J, Escalante R, Gazmuri RJ, Koster RW, Lim SH, Nation KJ, Olasveengen
TM, Sakamoto T, Sayre MR, Sierra A, Smyth MA, Stanton D, Vaillancourt C; on behalf of the Basic Life Support Chapter Collaborators.
Part 3: adult basic life support and automated external defibrillation: 2015 International Consensus on Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care Science With Treatment Recommendations. Circulation. 2015;132(suppl 1):S51–S83. doi:
10.1161/CIR.0000000000000272.
92. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A; Implementation Working Group for the All-Japan Utstein Registry of
the Fire and Disaster Management Agency. Nationwide public-access defibrillation in Japan. N Engl J Med. 2010;362:994–1004. doi:
10.1056/ NEJMoa0906644.
93. Kitamura T, Iwami T, Kawamura T, Nitta M, Nagao K, Nonogi H, Yonemoto N, Kimura T; Japanese Circulation Society Resuscitation
Science Study Group. Nationwide improvements in survival from out- of-hospital cardiac arrest in Japan. Circulation.
2012;126:2834–2843. doi: 10.1161/CIRCULATIONAHA.112.109496.
94. Mitani Y, Ohta K, Yodoya N, Otsuki S, Ohashi H, Sawada H, Nagashima M, Sumitomo N, Komada Y. Public access defibrillation
improved the outcome after out-of-hospital cardiac arrest in school-age children: a nationwide, population-based, Utstein registry study
in Japan. Europace. 2013;15:1259–1266. doi: 10.1093/europace/eut053.
95. Van Vleet LM, Hubble MW. Time to first compression using Medical Priority Dispatch System compression-first dispatcher-assisted
cardiopulmonary resuscitation protocols. Prehosp Emerg Care. 2012;16:242– 250. doi: 10.3109/10903127.2011.616259.
96. Fujie K, Nakata Y, Yasuda S, Mizutani T, Hashimoto K. Do dispatcher instructions facilitate bystander-initiated cardiopulmonary
resuscitation and improve outcomes in patients with out-of-hospital cardiac arrest? A comparison of family and non-family bystanders.
Resuscitation. 2014;85:315–319. doi: 10.1016/j.resuscitation.2013.11.013.
97. Bång A, Herlitz J, Martinell S. Interaction between emergency medical dispatcher and caller in suspected out-of-hospital cardiac arrest
calls with focus on agonal breathing. A review of 100 tape recordings of true cardiac arrest cases. Resuscitation. 2003;56:25–34.
98. Nurmi J, Pettilä V, Biber B, Kuisma M, Komulainen R, Castrén M. Effect of protocol compliance to cardiac arrest identification by
emergency medical dispatchers. Resuscitation. 2006;70:463–469. doi: 10.1016/j. resuscitation.2006.01.016.
99. Eisenberg MS, Hallstrom AP, Carter WB, Cummins RO, Bergner L, Pierce J. Emergency CPR instruction via telephone. Am J Public
Health. 1985;75:47–50.
100. Vaillancourt C, Verma A, Trickett J, Crete D, Beaudoin T, Nesbitt L, Wells GA, Stiell IG. Evaluating the effectiveness of dispatchassisted cardiopulmonary resuscitation instructions. Acad Emerg Med. 2007;14:877–883. doi: 10.1197/j.aem.2007.06.021.
101. Stipulante S, Tubes R, El Fassi M, Donneau AF, Van Troyen B, Hartstein G, D’Orio V, Ghuysen A. Implementation of the ALERT
algorithm, a new dispatcher-assisted telephone cardiopulmonary resuscitation protocol, in non-Advanced Medical Priority Dispatch
System (AMPDS) Emergency Medical Services centres. Resuscitation. 2014;85:177–181. doi: 10.1016/j.resuscitation.2013.10.005.
102. Berdowski J, Beekhuis F, Zwinderman AH, Tijssen JG, Koster RW. Importance of the first link: description and recognition of an out-ofhospital cardiac arrest in an emergency call. Circulation. 2009;119:2096– 2102. doi: 10.1161/CIRCULATIONAHA.108.768325.
103. Roppolo LP, Westfall A, Pepe PE, Nobel LL, Cowan J, Kay JJ, Idris AH. Dispatcher assessments for agonal breathing improve
detection of cardiac arrest. Resuscitation. 2009;80:769–772. doi: 10.1016/j. resuscitation.2009.04.013.
104. Tanaka Y, Taniguchi J, Wato Y, Yoshida Y, Inaba H. The continuous quality improvement project for telephone-assisted instruction of
cardiopulmonary resuscitation increased the incidence of bystander CPR and improved the outcomes of out-of-hospital cardiac arrests.
Resuscitation. 2012;83:1235–1241. doi: 10.1016/j.resuscitation.2012.02.013.
105. Barron T, Clawson J, Scott G, Patterson B, Shiner R, Robinson D, Wrigley F, Gummett J, Olola CH. Aspirin administration by
emergency medical dispatchers using a protocol-driven aspirin diagnostic and instruction tool. Emerg Med J. 2013;30:572–578. doi:
10.1136/ emermed-2012-201339.
106. Caceres JA, Adil MM, Jadhav V, Chaudhry SA, Pawar S, Rodriguez GJ, Suri MF, Qureshi AI. Diagnosis of stroke by emergency
medical dispatchers and its impact on the prehospital care of patients. J Stroke Cerebrovasc Dis. 2013;22:e610–e614. doi:
10.1016/j.jstrokecerebrovasdis.2013.07.039.

27

Part 4: Systems of Care and Continuous Quality Improvement

107. Rea TD, Fahrenbruch C, Culley L, Donohoe RT, Hambly C, Innes J, Bloomingdale M, Subido C, Romines S, Eisenberg MS. CPR with
chest compression alone or with rescue breathing. N Engl J Med. 2010;363:423–433. doi: 10.1056/NEJMoa0908993.
108. Akahane M, Ogawa T, Tanabe S, Koike S, Horiguchi H, Yasunaga H, Imamura T. Impact of telephone dispatcher assistance on the
outcomes of pediatric out-of-hospital cardiac arrest. Crit Care Med. 2012;40:1410– 1416. doi: 10.1097/CCM.0b013e31823e99ae.
109. Hallstrom AP. Dispatcher-assisted “phone” cardiopulmonary resuscitation by chest compression alone or with mouth-to-mouth
ventilation. Crit Care Med. 2000;28(11 suppl):N190–N192.
110. Hüpfl M, Selig HF, Nagele P. Chest-compression-only versus standard cardiopulmonary resuscitation: a meta-analysis. Lancet.
2010;376:1552–1557. doi: 10.1016/S0140-6736(10)61454-7.
111. Bray JE, Deasy C, Walsh J, Bacon A, Currell A, Smith K. Changing EMS dispatcher CPR instructions to 400 compressions before
mouth- to-mouth improved bystander CPR rates. Resuscitation. 2011;82:1393– 1398. doi: 10.1016/j.resuscitation.2011.06.018.
112. Culley LL, Clark JJ, Eisenberg MS, Larsen MP. Dispatcher-assisted telephone CPR: common delays and time standards for delivery.
Ann Emerg Med. 1991;20:362–366.
113. Rea TD, Eisenberg MS, Culley LL, Becker L. Dispatcher-assisted cardiopulmonary resuscitation and survival in cardiac arrest.
Circulation. 2001;104:2513–2516.
114. Ringh M, Fredman D, Nordberg P, Stark T, Hollenberg J. Mobile phone technology identifies and recruits trained citizens to perform
CPR on out-of-hospital cardiac arrest victims prior to ambulance arrival. Resuscitation. 2011;82:1514–1518. doi: 10.1016/j.
resuscitation.2011.07.033.
115. Zijlstra JA, Stieglis R, Riedijk F, Smeekes M, van der Worp WE, Koster RW. Local lay rescuers with AEDs, alerted by text messages,
contribute to early defibrillation in a Dutch out-of-hospital cardiac arrest dispatch system. Resuscitation. 2014;85:1444–1449. doi:
10.1016/j. resuscitation.2014.07.020.
116. Ringh M, Rosenqvist M, Hollenberg J, Jonsson M, Fredman D, Nordberg P, Järnbert-Pettersson H, Hasselqvist-Ax I, Riva G, Svensson
L. Mobile- phone dispatch of laypersons for CPR in out-of-hospital cardiac arrest. N Engl J Med. 2015;24:2316–2325. doi:
10.1056/NEJMoa1406038.
117. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, Bossaert LL, Brett SJ, Chamberlain D, de Caen AR, Deakin CD,
Finn JC, Gräsner J-T, Hazinski MF, Iwami T, Koster RW, Lim SH, Huei-Ming Ma M, McNally BF, Morley PT, Morrison LJ, Monsieurs
KG, Montgomery W, Nichol G, Okada K, Eng Hock Ong M, Ong M, Travers AH, Nolan JP; for the Utstein Collaborators. Cardiac arrest
and cardiopulmonary resuscitation outcome reports: update of the Utstein Resuscitation Registry Templates for Out-of-Hospital Cardiac
Arrest: a statement for healthcare professionals from a task force of the International Liaison Committee on Resuscitation (American
Heart Association, European Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and Stroke
Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern Africa, Resuscitation Council of Asia); and
the American Heart Association Emergency Cardiovascular Care Committee and the Council on Cardiopulmonary, Critical Care,
Perioperative and Resuscitation. Circulation. 2015;132:•••–•••. doi: 10.1161/CIR.0000000000000144.
118. Le May MR, So DY, Dionne R, Glover CA, Froeschl MP, Wells GA, Davies RF, Sherrard HL, Maloney J, Marquis JF, O’Brien ER,
Trickett J, Poirier P, Ryan SC, Ha A, Joseph PG, Labinaz M. A citywide proto- col for primary PCI in ST-segment elevation myocardial
infarction. N Engl J Med. 2008;358:231–240. doi: 10.1056/NEJMoa073102.
119. Mercuri M, Velianou JL, Welsford M, Gauthier L, Natarajan MK. Improving the timeliness of care for patients with acute ST-elevation
myocardial infarction: implications of “self-transport” versus use of EMS. Healthc Q. 2010;13:105–109.
120. Kajino K, Iwami T, Daya M, Nishiuchi T, Hayashi Y, Kitamura T, Irisawa T, Sakai T, Kuwagata Y, Hiraide A, Kishi M, Yamayoshi S.
Impact of transport to critical care medical centers on outcomes after out-of-hospital cardiac arrest. Resuscitation. 2010;81:549–554.
doi: 10.1016/j.resuscitation.2010.02.008.
121. 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-ofhospital cardiac arrest. Resuscitation. 2010;81:524–529. doi: 10.1016/j. resuscitation.2009.12.006.
122. Carr BG, Goyal M, Band RA, Gaieski DF, Abella BS, Merchant RM, Branas CC, Becker LB, Neumar RW. A national analysis of the
relation- ship between hospital factors and post-cardiac arrest mortality. Intensive Care Med. 2009;35:505–511. doi: 10.1007/s00134008-1335-x.
123. Cudnik MT, Sasson C, Rea TD, Sayre MR, Zhang J, Bobrow BJ, Spaite DW, McNally B, Denninghoff K, Stolz U. Increasing hospital
volume is not associated with improved survival in out of hospital cardiac arrest of cardiac etiology. Resuscitation. 2012;83:862–868.
doi: 10.1016/j. resuscitation.2012.02.006.
124. Engdahl J, Abrahamsson P, Bång A, Lindqvist J, Karlsson T, Herlitz J. Is hospital care of major importance for outcome after out-ofhospital cardiac arrest? Experience acquired from patients with out-of-hospital cardiac arrest resuscitated by the same Emergency
Medical Service and admitted to one of two hospitals over a 16-year period in the municipal- ity of Göteborg. Resuscitation.
2000;43:201–211.
125.

28

Part 4: Systems of Care and Continuous Quality Improvement

29

Hansen M, Fleischman R, Meckler G, Newgard CD. The association between hospital type and mortality among critically ill children in
US EDs. Resuscitation. 2013;84:488–491. doi: 10.1016/j. resuscitation.2012.07.032.
126. 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. doi: 10.1016/j.
resuscitation.2006.01.014.
127. Kjaergaard J, Bro-Jeppesen J, Rasmussen LS, Nielsen SL, Folke F, Lippert F, Wanscher MC, Hassager C. [Differences between
hospitals in prognosis after resuscitated out-of-hospital cardiac arrest patients]. Ugeskr Laeger. 2009;171:2169–2173.
128. Stub D, Smith K, Bray JE, Bernard S, Duffy SJ, Kaye DM. Hospital characteristics are associated with patient outcomes following outof-hospital cardiac arrest. Heart. 2011;97:1489–1494. doi: 10.1136/ hrt.2011.226431.
129. Davis DP, Fisher R, Aguilar S, Metz M, Ochs G, McCallum-Brown L, Ramanujam P, Buono C, Vilke GM, Chan TC, Dunford JV. The
fea- sibility of a regional cardiac arrest receiving system. Resuscitation. 2007;74:44–51. doi: 10.1016/j.resuscitation.2006.11.009.
130. Heffner AC, Pearson DA, Nussbaum ML, Jones AE. Regionalization of post-cardiac arrest care: implementation of a cardiac
resuscitation center. Am Heart J. 2012;164:493–501.e2. doi: 10.1016/j. ahj.2012.06.014.
131. Mooney MR, Unger BT, Boland LL, Burke MN, Kebed KY, Graham KJ, Henry TD, Katsiyiannis WT, Satterlee PA, Sendelbach S,
Hodges JS, Parham WM. Therapeutic hypothermia after out-of-hospital cardiac arrest: evaluation of a regional system to increase
access to cooling. Circulation. 2011;124:206–214. doi: 10.1161/ CIRCULATIONAHA.110.986257.
132. Spaite DW, Bobrow BJ, Vadeboncoeur TF, Chikani V, Clark L, Mullins T, Sanders AB. The impact of prehospital transport interval on
survival in out-of-hospital cardiac arrest: implications for regionalization of post-resuscitation care. Resuscitation. 2008;79:61–66. doi:
10.1016/j. resuscitation.2008.05.006.
133. Spaite DW, Stiell IG, Bobrow BJ, de Boer M, Maloney J, Denninghoff K, Vadeboncoeur TF, Dreyer J, Wells GA. Effect of transport
interval on out-of-hospital cardiac arrest survival in the OPALS study: implications for triaging patients to specialized cardiac arrest
centers. Ann Emerg Med. 2009;54:248–255. doi: 10.1016/j. annemergmed.2008.11.020.
134. Bosson N, Kaji AH, Niemann JT, Eckstein M, Rashi P, Tadeo R, Gorospe D, Sung G, French WJ, Shavelle D, Thomas JL, Koenig W.
Survival and neurologic outcome after out-of-hospital cardiac arrest: results one year after regionalization of post-cardiac arrest care in
a large metropolitan area. Prehosp Emerg Care. 2014;18:217–223. doi: 10.3109/10903127.2013.856507.
135. Fothergill RT, Watson LR, Virdi GK, Moore FP, Whitbread M. Survival of resuscitated cardiac arrest patients with ST-elevation
myocardial infarction (STEMI) conveyed directly to a Heart Attack Centre by ambulance clinicians. Resuscitation. 2014;85:96–98. doi:
10.1016/j. resuscitation.2013.09.010.
136. Lick CJ, Aufderheide TP, Niskanen RA, Steinkamp JE, Davis SP, Nygaard SD, Bemenderfer KK, Gonzales L, Kalla JA, Wald SK,
Gillquist DL, Sayre MR, Osaki Holm SY, Oski Holm SY, Oakes DA, Provo TA, Racht EM, Olsen JD, Yannopoulos D, Lurie KG. Take
Heart America: A comprehensive, community-wide, systems-based approach to the treatment of cardiac arrest. Crit Care Med.
2011;39:26–33. doi: 10.1097/CCM.0b013e3181fa7ce4.
137. Lund-Kordahl I, Olasveengen TM, Lorem T, Samdal M, Wik L, Sunde K. Improving outcome after out-of-hospital cardiac arrest by
strengthen- ing weak links of the local Chain of Survival; quality of advanced life support and post-resuscitation care. Resuscitation.
2010;81:422–426. doi: 10.1016/j.resuscitation.2009.12.020.
138. Spaite DW, Bobrow BJ, Stolz U, Berg RA, Sanders AB, Kern KB, Chikani V, Humble W, Mullins T, Stapczynski JS, Ewy GA; Arizona
Cardiac Receiving Center Consortium. Statewide regionalization of postarrest care for out-of-hospital cardiac arrest: association with
survival and neurologic outcome. Ann Emerg Med. 2014;64:496–506. e1. doi: 10.1016/j.annemergmed.2014.05.028.
139. Tagami T, Hirata K, Takeshige T, Matsui J, Takinami M, Satake M, Satake S, Yui T, Itabashi K, Sakata T, Tosa R, Kushimoto S, Yokota
H, Hirama H. Implementation of the fifth link of the chain of survival con- cept for out-of-hospital cardiac arrest. Circulation.
2012;126:589–597. doi: 10.1161/CIRCULATIONAHA.111.086173.
140. Martin K. The Outstanding Organization: Generate Business Results by Eliminating Chaos and Building the Foundation for Everyday
Excellence. New York, NY: McGraw-Hill; 2012.
141. American HeartAssociation. Emergency Cardiovascular Care 2020 Impact Goals 2015.
http://www.heart.org/HEARTORG/General/Emergency- Cardiovascular-Care-2020-Impact-Goals_UCM_435128_Article.jsp. Accessed
May 9, 2015.
142. McChesney C, Covey S, Huling J. The 4 Disciplines of Execution: Achieving Your Wildly Important Goals. New York, NY: Free Press;
2012.
143. Womack JP, Shook J. Gemba Walks. Cambridge, MA: Lean Enterprises Institute, Inc; 2011.
144. American Heart Association Get With The Guidelines?Resuscitation. http://www.heart.org/HEARTORG/HealthcareResearch/GetWith
TheGuidelines-Resuscitation/Get-With-The-GuidelinesResuscitation_ UCM_314496_SubHomePage.jsp. Accessed May 9, 2015.
145.

Part 4: Systems of Care and Continuous Quality Improvement

Peberdy MA, Kaye W, Ornato JP, Larkin GL, Nadkarni V, Mancini ME, Berg RA, Nichol G, Lane-Trultt T. Cardiopulmonary resuscitation of adults in the hospital: a report of 14 720 cardiac arrests from the National Registry of Cardiopulmonary Resuscitation.
Resuscitation. 2003;58:297–308.
146. Resuscitation Outcomes Consortium. https://roc.uwctc.org/tiki/tiki- index.php?page=roc-public-home. Accessed May 9, 2015.

30

