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Part 4: CPR Overview
2010 American Heart Association Guidelines for Cardiopulmonary

Resuscitation and Emergency Cardiovascular Care

Andrew H. Travers, Co-Chair*; Thomas D. Rea, Co-Chair*; Bentley J. Bobrow;
Dana P. Edelson; Robert A. Berg; Michael R. Sayre; Marc D. Berg;

Leon Chameides; Robert E. O’Connor; Robert A. Swor

Cardiopulmonary resuscitation (CPR) is a series of life-
saving actions that improve the chance of survival

following cardiac arrest.1 Although the optimal approach to
CPR may vary, depending on the rescuer, the victim, and the
available resources, the fundamental challenge remains: how
to achieve early and effective CPR. Given this challenge,
recognition of arrest and prompt action by the rescuer
continue to be priorities for the 2010 AHA Guidelines for
CPR and ECC. This chapter provides an overview of cardiac
arrest epidemiology, the principles behind each link in the
Chain of Survival, an overview of the core components of
CPR (see Table 1), and the approaches of the 2010 AHA
Guidelines for CPR and ECC to improving the quality of
CPR. The goal of this chapter is to integrate resuscitation
science with real-world practice in order to improve the
outcomes of CPR.

Epidemiology
Despite important advances in prevention, cardiac arrest
remains a substantial public health problem and a leading
cause of death in many parts of the world.2 Cardiac arrest
occurs both in and out of the hospital. In the US and Canada,
approximately 350 000 people/year (approximately half of
them in-hospital) suffer a cardiac arrest and receive attempted
resuscitation.3–7 This estimate does not include the substantial
number of victims who suffer an arrest without attempted
resuscitation. While attempted resuscitation is not always
appropriate, there are many lives and life-years lost because
appropriate resuscitation is not attempted.

The estimated incidence of EMS-treated out-of-hospital
cardiac arrest in the US and Canada is about 50 to 55/100 000
persons/year and approximately 25% of these present with
pulseless ventricular arrhythmias.3,8 The estimated incidence
of in-hospital cardiac arrest is 3 to 6/1000 admissions4–6 and
similarly, approximately 25% of these present with pulseless
ventricular arrhythmias.7 Cardiac arrest victims who present
with ventricular fibrillation (VF) or pulseless ventricular
tachycardia (VT) have a substantially better outcome com-

pared with those who present with asystole or pulseless
electric activity.1,7,9

The vast majority of cardiac arrest victims are adults, but
thousands of infants and children suffer either an in-hospital
or out-of-hospital cardiac arrest each year in the US and
Canada.7,10

Cardiac arrest continues to be an all-too-common cause
of premature death, and small incremental improvements
in survival can translate into thousands of lives saved
every year.

Key Principles in Resuscitation: Strengthening
the Links in the Chain of Survival

Successful resuscitation following cardiac arrest requires an
integrated set of coordinated actions represented by the links
in the Chain of Survival (see Figure 1).

The links include the following:

● Immediate recognition of cardiac arrest and activation of
the emergency response system

● Early CPR with an emphasis on chest compressions
● Rapid defibrillation
● Effective advanced life support
● Integrated post–cardiac arrest care

Emergency systems that can effectively implement these
links can achieve witnessed VF cardiac arrest survival of
almost 50%.11–14 In most emergency systems, however,
survival is lower, indicating that there is an opportunity for
improvement by carefully examining the links and
strengthening those that are weak.3 The individual links are
interdependent, and the success of each link is dependent
on the effectiveness of those that precede it.

Rescuers have a wide variety of training, experience, and
skills. The cardiac arrest victim’s status and response to CPR
maneuvers, as well as the settings in which the arrests occur,
can also be heterogeneous. The challenge is how to encourage
early, effective CPR for as many victims as possible, taking
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into account the wide range of rescuers, victims, and avail-
able resources.

Solutions must be based on rigorous research and careful
interpretation whenever possible. As with past guide-
lines,15 the process of evidence evaluation for the 2010
AHA Guidelines for CPR and ECC was comprehensive,
systematic, and transparent. The 2010 AHA Guidelines for
CPR and ECC rest on a foundation of previous guidelines,
but they are supported by new evidence whenever possible.

The following sections provide an overview of the first
three links in the Chain of Survival: immediate recognition of

an arrest and activation of the emergency response system,
early CPR, and rapid defibrillation. The information is
provided in a manner that recognizes the real-world hetero-
geneity of the rescuer, victim, and resources.

Conceptual Framework for CPR: Interaction of
Rescuer(s) and Victim
CPR traditionally has integrated chest compressions and
rescue breathing with the goal of optimizing circulation and
oxygenation. Rescuer and victim characteristics may influ-
ence the optimal application of the components of CPR.

Rescuer
Everyone can be a lifesaving rescuer for a cardiac arrest
victim. CPR skills and their application depend on the
rescuer’s training, experience, and confidence.

Chest compressions are the foundation of CPR (see
Figure 2). All rescuers, regardless of training, should
provide chest compressions to all cardiac arrest victims.
Because of their importance, chest compressions should be
the initial CPR action for all victims regardless of age.
Rescuers who are able should add ventilations to chest
compressions. Highly trained rescuers working together
should coordinate their care and perform chest compres-
sions as well as ventilations in a team-based approach.

Victim
Most cardiac arrests in adults are sudden, resulting from a
primary cardiac cause; circulation produced by chest
compressions is therefore paramount.16 In contrast, cardiac
arrest in children is most often asphyxial, which requires
both ventilations and chest compressions for optimal
results.17 Thus rescue breathing may be more important for
children than for adults in cardiac arrest.17

Early Action: Integrating the Critical
Components of CPR

The Universal Adult Basic Life Support (BLS) Algorithm
is a conceptual framework for all levels of rescuers in all
settings. It emphasizes the key components that any
rescuer can and should perform (see Figure 3).

When encountering a victim of sudden adult cardiac
arrest, the lone rescuer must first recognize that the victim
has experienced a cardiac arrest, based on unresponsive-
ness and lack of normal breathing. After recognition, the
rescuer should immediately activate the emergency re-
sponse system, get an AED/defibrillator, if available, and
start CPR with chest compressions. If an AED is not
close by, the rescuer should proceed directly to CPR. If
other rescuers are present, the first rescuer should direct
them to activate the emergency response system and get

Figure 1. Chain of Survival. The links in
this Chain are: Immediate recognition
and activation, early CPR, rapid defibril-
lation, effective advanced life support
and integrated post-cardiac arrest care.

Table 1. Summary of Key BLS Components for Adults,
Children and Infants

Recommendations

Component Adults Children Infants

Recognition Unresponsive (for all ages)

No breathing,
not breathing
normally (eg,
only gasping)

No breathing or only gasping

No pulse palpated within 10 seconds (HCP Only)

CPR Sequence CAB CAB CAB

Compression Rate At least 100/min

Compression Depth At least 2
inches (5 cm)

At least 1/3 AP
Depth

About 2 inches
(5 cm)

At least 1/3 AP
Depth

About 1 1

2
inches (4 cm)

Chest Wall Recoil Allow Complete Recoil Between Compressions
HCPs Rotate Compressors Every 2 minutes

Compression
Interruptions

Minimize Interruptions in Chest Compressions
Attempt to limit interruptions to less than 10

seconds

Airway Head tilt-chin lift (HCP suspected trauma: jaw
thrust)

Compression to
Ventilation Ratio
(until advanced
airway placed)

30:2
(1 or 2

rescuers)

30:2
Single Rescuer

15:2
2 HCP Rescuers

30:2
Single Rescuer

15:2
2 HCP Rescuers

Ventilations: When
rescuer Untrained or
Trained and Not
Proficient

Compressions Only

Ventilations with
advanced airway
(HCP)

1 breath every 6–8 seconds (8–10 breaths/min)
Asynchronous with chest compressions

About 1 second per breath
Visible Chest Rise

Defibrillation Attach and use AED as soon as available. Minimize
interruptions in chest compressions before and after

shock, resume CPR beginning with compressions
immediately after each shock
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the AED/defibrillator; the first rescuer should start CPR
immediately.

When the AED/defibrillator arrives, apply the pads, if
possible, without interrupting chest compressions and turn
the AED “on.” The AED will analyze the rhythm and
direct the rescuer either to provide a shock (ie, attempt
defibrillation) or to continue CPR.

If an AED/defibrillator is not available, continue CPR
without interruptions until more experienced rescuers as-
sume care.

Recognition and Activation of
Emergency Response
Prompt emergency activation and initiation of CPR re-
quires rapid recognition of cardiac arrest. A cardiac arrest
victim is not responsive. Breathing is absent or is not
normal.18,19 Agonal gasps are common early after sudden
cardiac arrest and can be confused with normal breath-
ing.20 –23 Pulse detection alone is often unreliable, even
when performed by trained rescuers, and it may require
additional time.24 –27 Consequently, rescuers should start
CPR immediately if the adult victim is unresponsive and
not breathing or not breathing normally (ie, only gasping).
The directive to “look, listen, and feel for breathing” to aid
recognition is no longer recommended.

Emergency dispatchers can and should assist in the assess-
ment and direction to start CPR.18,28,29 A healthcare profes-
sional may incorporate additional information to aid arrest
recognition.

Chest Compressions
The prompt initiation of effective chest compressions is a
fundamental aspect of cardiac arrest resuscitation. CPR im-
proves the victim’s chance of survival by providing heart and
brain circulation. Rescuers should perform chest compressions
for all victims in cardiac arrest, regardless of rescuer skill level,
victim characteristics, or available resources.

Rescuers should focus on delivering high-quality CPR:

● providing chest compressions of adequate rate (at least
100/minute)

● providing chest compressions of adequate depth
● adults: a compression depth of at least 2 inches (5 cm)

● infants and children: a depth of least one third the
anterior-posterior (AP) diameter of the chest or about
1 1⁄2 inches (4 cm) in infants and about 2 inches (5 cm)
in children

● allowing complete chest recoil after each compression
● minimizing interruptions in compressions
● avoiding excessive ventilation

If multiple rescuers are available, they should rotate the task
of compressions every 2 minutes.

Airway and Ventilations
Opening the airway (with a head tilt– chin lift or jaw
thrust) followed by rescue breaths can improve oxygena-
tion and ventilation. However, these maneuvers can be
technically challenging and require interruptions of chest
compressions, particularly for a lone rescuer who has not
been trained. Thus, the untrained rescuer will provide
Hands-Only (compression-only) CPR (ie, compressions
without ventilations), and the lone rescuer who is able
should open the airway and give rescue breaths with chest
compressions. Ventilations should be provided if the
victim has a high likelihood of an asphyxial cause of the
arrest (eg, infant, child, or drowning victim).

Once an advanced airway is in place, healthcare provid-
ers will deliver ventilations at a regular rate 1 breath every
6 to 8 seconds (8 to 10 breaths/minute) and chest com-
pressions can be delivered without interruption.

Defibrillation
The victim’s chance of survival decreases with an increasing
interval between the arrest and defibrillation.30,31 Thus early
defibrillation remains the cornerstone therapy for ventricular
fibrillation and pulseless ventricular tachycardia. Community
and hospital strategies should aggressively work to reduce the
interval between arrest and defibrillation.32

One of the determinants of successful defibrillation is
the effectiveness of chest compressions. Defibrillation
outcome is improved if interruptions (for rhythm assess-
ment, defibrillation, or advanced care) in chest compres-
sions are kept to a minimum.11,14,33–39

Translating Resuscitation Science Into Practice
In a community setting, the sole trained layperson responding
to a cardiac arrest victim needs to perform an ordered

Figure 2. Building Blocks of CPR.
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sequence of CPR steps. Laypersons can learn these skills
online and in courses.

In contrast, in a highly specialized environment, such as a
critical care unit of a hospital, many of the individual compo-
nents of CPR (compression-ventilation-defibrillation) may be
managed simultaneously. This approach requires choreog-
raphy among many highly-trained rescuers who work as an
integrated team.

In the prehospital setting, the order of the CPR components
performed by the healthcare provider may switch between a
sequenced and choreographed model depending on the pro-
ficiency of the provider and the availability of resources.

Quality Improvement in Resuscitation
Systems, Process, and Outcomes

A Systems Approach
Cardiac arrest is an important public health issue. Resus-
citation involves a broad spectrum of individual stakehold-
ers and groups. Individuals include victims, family mem-

bers, rescuers, and healthcare providers. Key stakeholder
groups include the public, emergency medical dispatchers,
public safety organizations, EMS systems, hospitals, civic
groups, and policy makers at the local, state, and federal
levels.

Because the links in the Chain of Survival are interde-
pendent, an effective resuscitation strategy requires these
individuals and groups to work in an integrated fashion and
function as a system of care.40 Fundamental to a successful
resuscitation system of care is the collective appreciation
of the challenges and opportunities presented by the Chain
of Survival. Thus individuals and groups must work
together, sharing ideas and information, to evaluate and
improve their resuscitation system. Leadership and ac-
countability are important components of this team
approach.

A conceptual appreciation of the system and its working
components is only a starting point. Improving care
requires assessment of performance. Only when perfor-
mance is evaluated can participants in a system effectively

Figure 3. Simplified Adult BLS
Algorithm.
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intervene to improve care. This process of quality im-
provement consists of an iterative and continuous cycle of
(1) systematic evaluation of resuscitation care and out-
come, (2) benchmarking with stakeholder feedback, and
(3) strategic efforts to address identified deficiencies (see
Figure 4).

There is wide community and hospital variability in
cardiac arrest survival.3,8,13 High-performing systems have
used this continuous quality improvement approach with
great success,41 as have systems that have more recently
adopted this strategy.42 These successes have occurred in a
variety of systems, suggesting that all communities and
hospitals can substantially improve care and outcomes.
Since each system has different characteristics and chal-
lenges, there is no single prescriptive strategy for improve-
ment. However, each system has an obligation to address
the fundamental principles of quality improvement: mea-
surement, benchmarking, and feedback and change.

Measurement
Quality improvement relies on valid assessment of resus-
citation performance and outcome. The Utstein Guidelines
provide useful templates for measuring key aspects of
resuscitation care and outcome.43,44 Examples of core
performance measures include the rate of bystander CPR,
time to defibrillation, and survival to hospital discharge.
Such measures are typically assessed based on review of
dispatch, EMS, and hospital records, underscoring the
importance of information sharing among all the links in
the system of care. Additional measures can be incorpo-
rated to meet a system’s individual quality improvement
strategy. For example, individual CPR components can be
measured through review of the electronic defibrillator
recording and can provide a useful set of metrics for EMS
and hospital providers.45

Benchmarking and Feedback
These data should be systematically reviewed and com-
pared internally to prior performance and externally to

similar systems. Existing cardiac arrest registries can
facilitate this benchmarking effort; examples include the
Cardiac Arrest Registry to Enhance Survival (CARES)46

for out-of-hospital cardiac arrest and the National Registry
of CardioPulmonary Resuscitation (NRCPR)47 for in-
hospital cardiac arrest. The results of assessments should
be regularly interpreted by all stakeholders and can iden-

Figure 4. Quality Improvement Elements
of a Resuscitation System.

Table 2. Key Challenges to Improve CPR Quality for Adults,
Children, and Infants

CPR Component Key Challenges to Improving Quality

Recognition ● Failure to recognize gasping as sign of
cardiac arrest

● Unreliable pulse detection

Initiation of CPR ● Low bystander CPR response rates
● Incorrect dispatch instructions

Compression rate ● Slow compression rate

Compression depth ● Shallow compression depth

Chest wall recoil ● Rescuer leaning on the chest

Compression
interruptions

● Excessive interruptions for
– rhythm/pulse checks
– ventilations
– defibrillation
– intubation
– intravenous (IV) access
– other

Ventilation ● Ineffective ventilations
● Prolonged interruptions in compressions to

deliver breaths
● Excessive ventilation (especially with

advanced airway)

Defibrillation ● Prolonged time to defibrillator availability
● Prolonged interruptions in chest compressions

pre- and post-shocks

Team Performance ● Delayed rotation, leading to rescuer
fatigue and decay in compression quality

● Poor communication among rescuers,
leading to unnecessary interruptions in compressions
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tify key considerations for directed efforts of improvement
(see Table 2).

Change
The process of simply measuring and benchmarking care
can positively influence outcome.48 However, ongoing
review and interpretation are necessary to identify areas
for improvement. Local data may suggest the need to
increase bystander CPR response rates, improve CPR
performance, or shorten the time to defibrillation. Useful
strategies might include programs targeting citizen aware-
ness, education and training for citizens and professionals,
and various technologic solutions. These programs need to
be continually re-evaluated to ensure that potential areas
for improvement are fully addressed.

Important Lessons from CPR and Summary
The 2010 AHA Guidelines for CPR and ECC mark the 50th

anniversary of modern CPR. There is general agreement
that the 1960 Meeting of the Maryland Medical Society in
Ocean City, MD, formally introduced the combination of
chest compressions and rescue breathing.49 Two years later
(1962) direct-current, monophasic waveform defibrillation
was described.50 In 1966, the American Heart Association
developed the first CPR guidelines.51 Over the past 50
years, these modern-era basic life support fundamentals of
early recognition and activation, early CPR, and early

defibrillation have saved hundreds of thousands of lives
around the world. These lives stand as a testament to the
importance of resuscitation research and clinical transla-
tion. They give us cause to celebrate this 50th anniversary
of CPR.

And yet we still have a long road to travel if we are to
fulfill the potential offered by the Chain of Survival. There
is a striking disparity in survival across systems of care for
cardiac arrest. Survival disparities that were present a
generation ago appear to persist.3,8,52 Although future
discoveries will offer opportunities to improve survival,
we currently possess the knowledge and tools—represent-
ed by the Chain of Survival—to address many of these care
gaps.

The challenge is one of real-world translation across
diverse systems. Since the 2005 AHA Guidelines for CPR
and ECC, many instructive and encouraging examples
have been published, describing ways in which that trans-
lation can be accomplished. Each system, whether in the
hospital or in the community, must assess its performance
and implement a strategy for improving care in cases of
cardiac arrest. That strategy should support the building
blocks of resuscitation: the BLS links of immediate rec-
ognition and emergency activation, early CPR, and rapid
defibrillation. If we accept this imperative to act, we can
achieve the full potential offered by the Chain of Survival
and, in turn, improve public health.

Disclosures

Guidelines Part 4: Overview of CPR Writing Group Disclosures

Writing
Group
Member Employment Research Grant

Other Research
Support

Speakers’
Bureau/Honoraria

Ownership
Interest

Consultant/
Advisory Board Other

Andrew H.
Travers

Emergency Health
Services Nova Scotia–

Provincial Medical
Director

None None None None None None

Thomas D.
Rea

University of
Washington: Physician,
Associate Professor of
Medicine; Emergency

Medical Services
Division - Public Health

Seattle & King
County–Program
Medical Director

*In the past, I have received modest grants from Philips Inc
and PhysioControl to evaluate changes in resuscitation

protocols. These investigations did not support evaluation of
proprietary equipment. I am an investigator in the

Resuscitation Outcomes Consortium so participate in studies
evaluating dynamic CPR feedback available in a Philips

defibrillator and the impedance threshold device which is
developed and owned by a private company. These studies

are funded primarily by the NIH and I receive no support
from private industry related to these research activities. I

participate in a trial of chest compression alone versus chest
compression plus ventilation supported in part by the Laerdal

Foundation. Collectively I receive � 5% of my salary from
these research activities.

*We recently
completed an
AED training

study for which
Philips and

PhysioControl
provided

equipment. I did
not directly
receive any

equipment as
part of the

research activity.

None None None *I participate
as part of a
DSMB in a

trial sponsored
by Philips Inc
to evaluate

quantitative VF
waveform

algorithm to
guide care. I
receive no
financial

support as part
of the DSMB.

Bentley J.
Bobrow

Arizona Department of
Health

Services–Medical
Director, Bureau of
EMS and Trauma
System; Maricopa

Medical Center-Clin.
Associate. Professor,
Emergency Medicine

Department

†AHA. Ultra-Brief CPR Video Study, PI.
*Medtronic Foundation. Arizona Statewide Resuscitation

System of Care, 2010–2015, PI.

None None None None None

(Continued)

Travers et al Part 4: CPR Overview S681

 by guest on November 25, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


Guidelines Part 4: Overview of CPR Writing Group Disclosures, Continued

Writing
Group
Member Employment Research Grant

Other Research
Support

Speakers’
Bureau/Honoraria

Ownership
Interest

Consultant/
Advisory Board Other

Dana P.
Edelson

University of Chicago
Assistant Professor

†CURRENT RESEARCH GRANTS Pending NHLBI Career
Development Award Strategies to Predict and Prevent In-Hospital
Cardiac Arrest (1K23HL097157–01) This study is to validate a
clinical judgment based tool for predicting impending clinical
deterioration of hospitalized floor patients and compare it to
previously described physiology-based tools. Role: PI (funds

delivered to university). 2009–present Philips Healthcare
Research Grant Advancements in CPR and Emergency Care
during Hemodynamic Crisis The purpose of this project is to

measure capnography and pulse pressure, using a novel
plethysmographic sensor, in critically ill patients and correlate
quality of CPR with these measures during CA. Role: PI (funds

delivered to university) 2008–present Philips Healthcare
Research Grant Q-CPR Users & Development Research Alliance
The purpose of this project is to establish a multi-center registry
of in-hospital resuscitation quality data and a network for clinical

trials of resuscitation. Role: PI (funds delivered to university)
2008–present NIH Clinical Research Loan Repayment Granted

two years of student loan repayment aims to evaluate the
effects of integrated team debriefing using actual performance

data to improve CPR quality and patient survival following
IHCA.Role: PI (funds delivered to loan servicing program)

2007–present AHA Scientist Development Grant Improving CPR
Quality and Patient Outcomes Using a Novel Educational

Program This project aims to evaluate the effects of integrated
team debriefing using actual performance data to improve CPR

quality & patient survival following IHCA. Role: PI (funds delivered
to university) 2008–2009

NlH Agency for Healthcare Research and Quality Immersive
Simulation Team Training–Impact on Rescue, Recovery and
Safety Culture (5U18HS016664–02) The goal is to study the

effects of simulation based training for Rapid Response Teams.
Consultant (funds to univ.)

*Philips
Healthcare,

Andover, MA

*Philips
Healthcare,

Andover, MA

None *Triage Wireless
Inc, San Diego,

CA

*Hanna
Campbell &
Powell LLP,

Akron,
OH-Hankton Vs

Beeson

Robert A.
Berg

University of
Pennsylvania–

Professor

None None None None None

Michael R.
Sayre

The Ohio State
University–Associate

Professor

None None None None None None

Marc D.
Berg

University of Arizona -
Associate Professor of

Clinical Pediatrics
Attending Intensivist

None None *Travel expenses
reimbursed

(�$4000 USD)
for participation
in 13th Asian
Australasian
Congress of

Anesthesiologists,
Fukuoka, Japan,

June 2010

None None None

Leon
Chameides

Emeritus–Director,
Pediatric Cardiology,

Connecticut Children’s
Hospital, Clinical

Professor, University of
Connecticut

None None None None None None

Robert E.
O’Connor

University of Virginia
Health

System–Professor and
Chair of Emergency

Medicine

None None None None None None

Robert A.
Swor

William Beaumont
Hospital - Hospital

Emergency Physician

None None None None None None

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 $ 00
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.

S682 Circulation November 2, 2010

 by guest on November 25, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


References
1. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival

from out-of-hospital cardiac arrest: a systematic review and meta-analy-
sis. Circ Cardiovasc Qual Outcomes. 2010;3:63–81.

2. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone
G, Ferguson TB, Ford E, Furie K, Gillespie C, Go A, Greenlund K, Haase
N, Hailpern S, Ho PM, Howard V, Kissela B, Kittner S, Lackland D,
Lisabeth L, Marelli A, McDermott MM, Meigs J, Mozaffarian D, Mus-
solino M, Nichol G, Roger VL, Rosamond W, Sacco R, Sorlie P, Stafford
R, Thom T, Wasserthiel-Smoller S, Wong ND, Wylie-Rosett J; American
Heart Association Statistics Committee and Stroke Statistics Subcom-
mittee. Heart disease and stroke statistics–2010 update: a report from the
American Heart Association. Circulation. 2010;121:e46–e215.

3. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, Aufderheide
TP, Rea T, Lowe R, Brown T, Dreyer J, Davis D, Idris A, Stiell I.
Regional variation in out-of-hospital cardiac arrest incidence and
outcome. JAMA. 2008;300:1423–1431.

4. Hodgetts TJ, Kenward G, Vlackonikolis I, Payne S, Castle N, Crouch R,
Ineson N, Shaikh L. Incidence, location and reasons for avoidable
in-hospital cardiac arrest in a district general hospital. Resuscitation.
2002;54:115–123.

5. Jones-Crawford JL, Parish DC, Smith BE, Dane FC. Resuscitation in the
hospital: circadian variation of cardiopulmonary arrest. Am J Med. 2007;
120:158–164.

6. Chan PS, Jain R, Nallmothu BK, Berg RA, Sasson C. Rapid response
teams: a systematic review and meta-analysis. Arch Intern Med. 2010;
170:18–26.

7. Nadkarni VM, Larkin GL, Peberdy MA, Carey SM, Kaye W, Mancini
ME, Nichol G, Lane-Truitt T, Potts J, Ornato JP, Berg RA. First docu-
mented rhythm and clinical outcome from in-hospital cardiac arrest
among children and adults. JAMA. 2006;295:50–57.

8. Rea TD, Eisenberg MS, Sinibaldi G, White RD. Incidence of EMS-
treated out-of-hospital cardiac arrest in the United States. Resuscitation.
2004;63:17–24.

9. Meaney PA, Nadkarni VM, Kern KB, Indik JH, Halperin HR, Berg RA.
Rhythms and outcomes of adult in-hospital cardiac arrest. Crit Care Med.
2010;38:101–108.

10. Atkins DL, Everson-Stewart S, Sears GK, Daya M, Osmond MH, Warden
CR, Berg RA. Epidemiology and outcomes from out-of-hospital cardiac
arrest in children: the Resuscitation Outcomes Consortium Epistry-
Cardiac Arrest. Circulation. 2009;119:1484–1491.

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

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

13. Chan PS, Nichol G, Krumholz HM, Spertus JA, Nallamothu BK. Hospital
variation in time to defibrillation after in-hospital cardiac arrest. Arch
Intern Med. 2009;169:1265–1273.

14. Hinchey PR, Myers JB, Lewis R, De Maio VJ, Reyer E, Licatese D,
Zalkin J, Snyder G. Improved out-of-hospital cardiac arrest survival after
the sequential implementation of 2005 AHA guidelines for compressions,
ventilations, and induced hypothermia: the Wake County experience. Ann
Emerg Med. 2010.[epub ahead of print].

15. 2005 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Part 1: Introduction.
Circulation. 2005;112(24 suppl):IV-1–5.

16. Rea TD, Cook AJ, Stiell IG, Powell J, Bigham B, Callaway CW, Chugh
S, Aufderheide TP, Morrison L, Terndrup TE, Beaudoin T, Wittwer L,
Davis D, Idris A, Nichol G. Predicting survival after out-of-hospital
cardiac arrest: role of the Utstein data elements. Ann Emerg Med. 2010;
55:249–257.

17. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Nadkarni VM,
Berg RA, Hiraide A. Conventional and chest-compression-only cardio-
pulmonary resuscitation by bystanders for children who have out-of-
hospital cardiac arrests: a prospective, nationwide, population-based
cohort study. Lancet. 2010;375:1347–1354.

18. Berdowski J, Beekhuis F, Zwinderman AH, Tijssen JG, Koster RW.
Importance of the first link: description and recognition of an out-of-
hospital cardiac arrest in an emergency call. Circulation. 2009;119:
2096–2102.

19. Clawson J, Olola C, Scott G, Heward A, Patterson B. Effect of a Medical
Priority Dispatch System key question addition in the seizure/convulsion/

fitting protocol to improve recognition of ineffective (agonal) breathing.
Resuscitation. 2008;79:257–264.

20. Bobrow BJ, Zuercher M, Ewy GA, Clark L, Chikani V, Donahue D,
Sanders AB, Hilwig RW, Berg RA, Kern KB. Gasping during cardiac
arrest in humans is frequent and associated with improved survival.
Circulation. 2008;118:2550–2554.

21. Hauff SR, Rea TD, Culley LL, Kerry F, Becker L, Eisenberg MS. Factors
impeding dispatcher-assisted telephone cardiopulmonary resuscitation.
Ann Emerg Med. 2003;42:731–737.

22. Vaillancourt C, Verma A, Trickett J, Crete D, Beaudoin T, Nesbitt L,
Wells GA, Stiell IG. Evaluating the effectiveness of dispatch-assisted
cardiopulmonary resuscitation instructions. Acad Emerg Med. 2007;14:
877–883.

23. Bohm K, Rosenqvist M, Hollenberg J, Biber B, Engerstrom L, Svensson
L. Dispatcher-assisted telephone-guided cardiopulmonary resuscitation:
an underused lifesaving system. Eur J Emerg Med. 2007;14:256–259.

24. Eberle B, Dick WF, Schneider T, Wisser G, Doetsch S, Tzanova I.
Checking the carotid pulse check: diagnostic accuracy of first responders
in patients with and without a pulse. Resuscitation. 1996;33:107–116.

25. Tibballs J, Russell P. Reliability of pulse palpation by healthcare per-
sonnel to diagnose pediatric cardiac arrest. Resuscitation. 2009;80:61–64.

26. Chamberlain D, Smith A, Woollard M, Colquhoun M, Handley AJ,
Leaves S, Kern KB. Trials of teaching methods in basic life support (3):
comparison of simulated CPR performance after first training and at 6
months, with a note on the value of re-training. Resuscitation. 2002;53:
179–187.

27. Lapostolle F, Le Toumelin P, Agostinucci JM, Catineau J, Adnet F. Basic
cardiac life support providers checking the carotid pulse: performance,
degree of conviction, and influencing factors. Acad Emerg Med. 2004;
11:878–880.

28. Rea TD, Eisenberg MS, Culley LL, Becker L. Dispatcher-assisted car-
diopulmonary resuscitation and survival in cardiac arrest. Circulation.
2001;104:2513–2516.

29. 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.

30. Chan PS, Krumholz HM, Nichol G, Nallamothu BK. Delayed time to
defibrillation after in-hospital cardiac arrest. N Engl J Med. 2008;
358:9–17.

31. Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW, Hardman RG.
Outcomes of rapid defibrillation by security officers after cardiac arrest in
casinos. N Engl J Med. 2000;343:1206–1209.

32. The Public Access Defibrillation Trial Investigators. Public-access defi-
brillation and survival after out-of-hospital cardiac arrest. N Engl J Med.
2004;351:637–646.

33. Christenson J, Andrusiek D, Everson-Stewart S, Kudenchuk P, Hostler D,
Powell J, Callaway CW, Bishop D, Vaillancourt C, Davis D, Aufderheide
TP, Idris A, Stouffer JA, Stiell I, Berg R. Chest compression fraction
determines survival in patients with out-of-hospital ventricular fibril-
lation. Circulation. 2009;120:1241–1247.

34. Garza AG, Gratton MC, Salomone JA, Lindholm D, McElroy J, Archer
R. Improved patient survival using a modified resuscitation protocol for
out-of-hospital cardiac arrest. Circulation. 2009;119:2597–2605.

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

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

37. Sayre MR, Cantrell SA, White LJ, Hiestand BC, Keseg DP, Koser S.
Impact of the 2005 American Heart Association cardiopulmonary resus-
citation and emergency cardiovascular care guidelines on out-of-hospital
cardiac arrest survival. Prehosp Emerg Care. 2009;13:469–477.

38. Steinmetz J, Barnung S, Nielsen SL, Risom M, Rasmussen LS. Improved
survival after an out-of-hospital cardiac arrest using new guidelines. Acta
Anaesthesiol Scand. 2008;52:908–913.

39. Aufderheide TP, Yannopoulos D, Lick CJ, Myers B, Romig LA, Stothert
JC, Barnard J, Vartanian L, Pilgrim AJ, Benditt DG. Implementing the
2005 American Heart Association guidelines improves outcomes after
out-of-hospital cardiac arrest. Heart Rhythm. 2010.[epub ahead of print].

40. Rea TD, Page RL. Community approaches to improve resuscitation after
out-of-hospital sudden cardiac arrest. Circulation. 2010;121:1134–1140.

Travers et al Part 4: CPR Overview S683

 by guest on November 25, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


41. Cobb LA, Fahrenbruch CE, Walsh TR, Copass MK, Olsufka M, Breskin
M, Hallstrom AP. Influence of cardiopulmonary resuscitation prior to
defibrillation in patients with out-of-hospital ventricular fibrillation.
JAMA. 1999;281:1182–1188.

42. Bobrow BJ, Vadeboncoeur TF, Clark L, Chikani V. Establishing Ari-
zona’s statewide cardiac arrest reporting and educational network.
Prehosp Emerg Care. 2008;12:381–387.

43. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P,
Coovadia A, D’Este K, Finn J, Halperin H, Handley A, Herlitz J, Hickey
R, Idris A, Kloeck W, Larkin GL, Mancini ME, Mason P, Mears G,
Monsieurs K, Montgomery W, Morley P, Nichol G, Nolan J, Okada K,
Perlman J, Shuster M, Steen PA, Sterz F, Tibballs J, Timerman S, Truitt
T, Zideman D. Cardiac arrest and cardiopulmonary resuscitation outcome
reports: update and simplification of the Utstein templates for resusci-
tation registries: a statement for healthcare professionals from a task force
of the International Liaison Committee on Resuscitation (American Heart
Association, European Resuscitation Council, Australian Resuscitation
Council, New Zealand Resuscitation Council, Heart and Stroke Foun-
dation of Canada, InterAmerican Heart Foundation, Resuscitation
Councils of Southern Africa). Circulation. 2004;110:3385–3397.

44. 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 Com-
mittee on Resuscitation (American Heart Association, Australian Resus-
citation 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 Com-
mittee; 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.

45. Kramer-Johansen J, Edelson DP, Losert H, Kohler K, Abella BS.
Uniform reporting of measured quality of cardiopulmonary resuscitation
(CPR). Resuscitation. 2007;74:406–417.

46. Cardiac Arrest Registry to Enhance Survival (CARES): an out of hospital
CPR registry. Available at: https://mycares.net. Accessed 5 May 2010.

47. National Registry of CPR (NRCPR). Available at: http://www.nrcpr.org/.
Accessed 5 May 2010.

48. Kohli E, Ptak J, Smith R, Taylor E, Talbot EA, Kirkland KB. Variability
in the Hawthorne effect with regard to hand hygiene performance in high-
and low-performing inpatient care units. Infect Control Hosp Epidemiol.
2009;30:222–225.

49. Eisenberg M. Resuscitate! How Your Community Can Improve Survival
from Sudden Cardiac Arrest. Seattle: University of Washington Press;
2009.

50. Lown B, Neuman J, Amarasingham R, Berkovits BV. Comparison of
alternating current with direct electroshock across the closed chest. Am J
Cardiol. 1962;10:223–233.

51. Cardiopulmonary resuscitation. JAMA. 1966;198:372–379.
52. Eisenberg MS, Horwood BT, Cummins RO, Reynolds-Haertle R, Hearne

TR. Cardiac arrest and resuscitation: a tale of 29 cities. Ann Emerg Med.
1990;19:179–186.

KEY WORDS: cardiac arrest � defibrillation � emergency department

S684 Circulation November 2, 2010

 by guest on November 25, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/

