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UT-OF-HOSPITAL CARDIAC ARREST IS A MAJOR PUBLIC HEALTH ISSUE.'*

In the United States, an estimated 155,000 persons per year are treated by

emergency medical services (EMS) for out-of-hospital cardiac arrest, and
approximately 8% survive.® In Europe, annual occurrence is estimated to be 128,000
to 275,000 persons, and approximately 10% survive.>”® Substantial variations exist,
both within countries and across the globe, with respect to data collection and
reporting methods and with respect to survival and neurologic outcome.**!

A key concept in the successful treatment of patients with out-of-hospital car-
diac arrest is the strategy known as the “chain of survival,” which emphasizes a
system-of-care approach that includes early access to care and consists of five key
links: early recognition of cardiac arrest and activation of the emergency-response
system; immediate, high-quality cardiopulmonary resuscitation (CPR); rapid defibril-
lation; basic and advanced EMS; and advanced life support and postarrest care.
Research in cardiac arrest resuscitation has affirmed that the most important links
in the chain of survival are the earliest ones — recognition of cardiac arrest and
initiation of CPR, both of which are performed largely by lay bystanders.

Lay rescuers therefore play a major role in the resuscitation of people with out-
of-hospital cardiac arrest. Physicians have a role in helping to make the lay public
aware of the importance of bystander contribution to favorable outcomes. In addi-
tion, although physicians are not directly involved in bystander response to cardiac
arrest, they should know how to support these resuscitation efforts, encourage
appropriate education for lay providers, and advocate for placement of automated
external defibrillators (AEDs) for public access.

THE CONCEPT OF PREARRIVAL CARE

The first components of the chain of survival can be termed “prearrival care”
(Fig. 1), defined here as basic medical interventions initiated by bystanders before
trained medical providers arrive on the scene. These components include recogni-
tion of cardiac arrest and call for emergency assistance, initiation of CPR, and use
of an AED. Prearrival care is associated with substantial improvements in survival
and neurologic status.*"” Bystander-initiated CPR significantly increases the chance
of survival; application of an AED also markedly increases the chance of surviv-
al.”>!¢ The combination of bystander CPR and AED use has a synergistic positive
effect on outcome.'” The delivery of prearrival care — and its effect on a patient’s
neurologically intact survival — is time-sensitive (Fig. 2); for every minute that a
person with out-of-hospital cardiac arrest goes without CPR and defibrillation, the
chance of survival decreases by 7 to 10%."

Unfortunately, bystander CPR is provided in less than 50% of cases®; AEDs are
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used even less often, in no more than 25% of
appropriate patients, even though they are fre-
quently available in public places.*»* Data from
the Cardiac Arrest Registry to Enhance Survival
show considerable variation among 132 U.S.
counties with respect to survival (ranging from
3.4 to 22%) and neurologic outcome (ranging
from 0.8 to 21.0%); these variations in outcome
are attributed partially to varying frequencies of
bystander CPR performance and AED use. Re-
gional and national education and awareness
efforts have resulted in increased bystander in-
tervention and associated improvements in out-
come,'®? but considerable work will be required
to overcome the many remaining barriers.”

LAY RECOGNITION OF CARDIAC
ARREST

One of the primary reasons for infrequent by-
stander intervention in out-of-hospital cardiac
arrest is that lay rescuers may fail to recognize
cardiac arrest. Cardiac arrest may be mistaken
for syncope or seizure. Furthermore, persons
with cardiac arrest may have continued gasping
respirations for several minutes, which can con-
fuse lay rescuers and lead to delays in bystander
care.” To overcome this confusion, the 2010
American Heart Association (AHA) Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care eliminated the “look, listen,
and feel” approach for bystanders, which it had
previously emphasized, and instead recommend-
ed immediate activation of the emergency-response
system and initiation of chest compressions for
any adult who is unresponsive and either is not
breathing or is having gasping respirations.”” To
further simplify the initial assessment for the lay
provider, the 2015 guidelines from the AHA,*
the European Resuscitation Council (ERC),” and
the International Liaison Committee on Resusci-
tation (ILCOR)*® recommend that bystanders
should suspect cardiac arrest and begin CPR when-
ever a person is unresponsive and not breathing
normally.?®30

Educational efforts should be targeted at
helping the lay public understand that persons
with cardiac arrest can initially have seizurelike
activity or abnormal respirations and that every
effort should be made to minimize delays in
initiating care. Abnormal breathing can involve
either the absence of respirations or agonal res-

pirations (slow and deep breaths, often with a
gasping quality). If the lay rescuer does not real-
ize that cardiac arrest is present, algorithms used
by the emergency communications center dis-
patcher can aid in identification of the medical
emergency; the appropriate response can then be
initiated and telephone guidance provided.

INTERVENTIONS ASSISTED BY THE
EMERGENCY COMMUNICATIONS
CENTER DISPATCHER

Recognition of a medical emergency, including
collapse with possible cardiac arrest, should be
followed by prompt activation of the emergency-
response system.'? In many areas, the emergency-
response system is activated by a call to an
emergency communications center. The first
responsibility of personnel at the emergency com-
munications center is to dispatch appropriate EMS
units to the scene of the medical emergency.
Once EMS units have been activated, the dis-
patcher can then provide additional resources to
assist the lay responder in providing appropriate
prearrival care. Impediments to the implementa-
tion of dispatcher instructions by the lay respond-
er include language barriers, emotional stress,
and lack of awareness of the importance of prear-
rival care.

The dispatcher in the emergency communica-
tions center can begin by assisting the caller in
determining whether cardiac arrest has occurred.
In general, dispatchers are able to identify the
presence of cardiac arrest in approximately 70%
of cases,** and once they recognize the pres-
ence of cardiac arrest, they can provide instruc-
tions for resuscitation if the callers are willing
to perform CPR. A dispatcher’s verbal approach
to the caller influences the likelihood that the
bystander will perform CPR before the arrival of
EMS. Specific phrases such as “We are going to
do CPR” and “We need to do CPR” imply a sense
of futurity and obligation and are more likely to
result in the bystander performing CPR.3* Dis-
patcher directions also increase rates of return
of spontaneous circulation, survival, and favor-
able neurologic status among survivors of car-
diac arrest.®3°

In addition to guiding CPR, the dispatcher
may be able to direct the caller to the location of
the closest registered AED. This strategy of iden-
tifying and deploying the closest AED has been
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Figure 1 (facing page). Components of Prearrival Care.

A patient having an out-of-hospital cardiac arrest is at-
tended to by a lay rescuer performing chest compres-
sions while a second lay rescuer talks with a person at
the emergency communications center who is dis-
patching police, fire, and rescue resources to the site
and providing cardiopulmonary resuscitation (CPR) in-
structions. The emergency center dispatcher also uses
a smartphone-based application to notify lay provid-
ers in the immediate vicinity that a person is in cardi-
ac arrest. A third lay rescuer is returning to the patient
with an automated external defibrillator (AED); the
emergency center dispatcher has also sent an AED to
the scene by drone while police, fire, and rescue units
respond to the scene in emergency mode, with lights
and sirens activated. EMS denotes emergency medical
services.

quite successful in simulation studies® but has
been found to be less effective in studies of real-
world dispatch programs.®®* In one analysis,
among cardiac arrests in which the dispatchers
knew that publicly accessible AEDs were avail-
able and informed bystanders of their location
(which was a minority of the total number of
cardiac arrests), AEDs were successfully retrieved
and used in only 14% of the cases.** One practical
issue in whether an AED is used is that typically
at least two rescuers must be present — one to
perform CPR and another to retrieve the AED.
While instructions are being relayed by tele-
phone, the dispatcher can alert others in the
community about the cardiac arrest through text
messaging and other smartphone-based applica-
tions. This approach notifies lay responders who
have voluntarily agreed to join these digital re-
sponse efforts of an occurrence of out-of-hospi-
tal cardiac arrest in their immediate vicinity,
provides information about the arrest and loca-
tion, and, in some cases, alerts them to the pres-
ence of adjacent public-access AEDs.* Although
this is a new strategy, early investigations are
promising; studies have shown increased frequen-
cy of early CPR and associated improved survival
and functional status among survivors.”** This
strategy is formally supported by the AHA.®
Finally, the dispatcher may have the ability to
send an AED to the scene by drone. This ap-
proach is still investigational, but early system
modeling suggests that an AED can arrive at the
scene considerably earlier by drone than by stan-
dard EMS vehicle, with the time to arrival at the
scene of the cardiac arrest reduced by 6 minutes

in urban settings and by 19 minutes in rural
settings.*4¢

CARDIOPULMONARY RESUSCITATION

CPR is a method of external chest compressions
and artificial respirations that provides perfu-
sion to vital organs during cardiac arrest until
definitive treatment is available. There are two
basic approaches to CPR: the conventional method,
which is performed with both chest compressions
and ventilations, and a newer method, termed
compression-only CPR, which is performed with
only chest compressions.

Some debate remains regarding the benefits
of traditional CPR as compared with compression-
only CPR.%* Central oxygen saturation levels are
likely to be normal at the moment of cardiac ar-
rest; because several minutes may pass before
oxygen saturations fall to critical levels, immedi-
ate initiation of ventilations may not be necessary.
In addition, bystander mouth-to-mouth ventila-
tions are often ineffective and unlikely to provide
any meaningful oxygenation for the patient; they
can produce excessive intrathoracic pressure with
negative effect on perfusion. Furthermore, venti-
lations can detract from high-quality chest com-
pressions and timely defibrillation. The benefits
of lay rescuer ventilations early in cardiac arrest,
particularly if the ventilations are delivered by
untrained bystanders, are therefore questionable.
Studies comparing patients who received conven-
tional CPR with those who received compression-
only CPR have shown no significant difference in
survival.*>%

Compression-only CPR is associated with bet-
ter acceptance and engagement by lay rescuers,*
who may hesitate to provide conventional CPR be-
cause of fear of performing the procedure incor-
rectly, concern about victim regurgitation during
mouth-to-mouth ventilations, or anxiety regarding
disease transmission.’*? To overcome these bar-
riers, in 2010 the AHA endorsed compression-only
CPR for untrained lay rescuers; the 2015 AHA,
ERC, and ILCOR guidelines continue to support
this recommendation.’®*° Nonetheless, the ability
to perform CPR remains a concern for the public.
In a recent survey>® of participants in CPR train-
ing sessions in the United States, trainees were
asked about their willingness to perform CPR on
various persons having a cardiac arrest (male and
female adolescents, a middle-aged woman, and
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Figure 2. Survival of Patients with Out-of-hospital Cardiac Arrest Relative to
Fire—Rescue Response Time and Lay versus EMS Intervention.

Shown is 30-day survival among patients who received bystander CPR and
those who did not receive prearrival intervention, according to EMS response
time. Shaded areas represent 95% confidence intervals. The 30-day surviv-
al was higher among patients who received bystander CPR than among
those who did not. Reprinted, with permission, from Rajan et al.*®
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an elderly man) as well as their potential spe-
cific concerns about doing so. Less than 65% of
participants said that they were moderately or
extremely likely to perform CPR on the victims.
The most commonly expressed concerns included
the possibility of causing injury to the patient, a
lack of appropriate CPR training, the need to un-
clothe a female patient’s chest and expose her
breasts, and the fear of sexual assault accusations.

Regardless of the method used, the impor-
tance of bystander CPR has been shown in nu-
merous studies. In a 2010 report of 10,681 cases
of out-of-hospital cardiac arrest, Rea et al. found
that 22.1% of patients who received bystander
CPR, as compared with 7.8% of patients who did
not receive bystander care, survived.>* A meta-
analysis including 142,740 patients from 79 stud-
ies showed markedly higher survival among pa-
tients with out-of-hospital cardiac arrest who
received bystander CPR than among those who
did not (16.1% vs. 3.9%); in this same analysis,
among persons receiving bystander CPR, the num-
ber needed to treat to save one life ranged from 24
to 36.! A 2019 study in Sweden that compared
three time periods from 2000 to 2017 assessed
the frequency of conventional and compression-
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only CPR and 30-day survival; the authors noted
that performance of compression-only CPR before
EMS arrival increased by 6 times, and the sur-
vival rate doubled, over the course of the study.>®

Bystander CPR can prolong the time period
within which successful resuscitation can occur
and can thus allow for longer EMS response
times.*1%1® One potential mechanism by which
CPR extends the successful resuscitation time
period is by prolonging the presence of the
shockable cardiac arrest rhythms — ventricular
fibrillation and pulseless ventricular tachycar-
dia. A study of 2772 patients in the London
Ambulance Service database showed that the
percentage of shockable rhythm cases was 48%
among patients with witnessed cardiac arrest
who received bystander CPR, as compared with
27% among those who did not receive bystander
CPR; a similar trend was noted in cases of un-
witnessed cardiac arrest (31% vs. 18%).>° Similar
results were noted among 34,125 patients in-
cluded in the Swedish Cardiac Arrest Register
over a 14-year period; furthermore, fewer defi-
brillation attempts were needed to achieve return
of spontaneous circulation in patients who had
received bystander CPR.”” The benefit of bystand-
er CPR increased as the time to initial defibrilla-
tion increased.*®

Feedback devices that support and encourage
providers to perform high-quality chest compres-
sions are in use by professional rescuers both in
and outside the hospital setting. At this time,
real-time feedback for the lay rescuer is limited
to AED-delivered audible prompts that provide
CPR instructions. Many AEDs also have audible
alert sounds that provide a rhythm and cadence
to assist the lay rescuer in performing an appro-
priate rate of chest compressions.

AUTOMATED EXTERNAL
DEFIBRILLATORS

AEDs are portable devices that automatically ana-
lyze the cardiac rhythms of patients with cardiac
arrest and deliver defibrillatory shocks if either
ventricular fibrillation or ventricular tachycardia
is detected. Rhythm diagnosis is not a compo-
nent of lay bystander care; for the lay provider,
the only distinction between shockable and non-
shockable rhythm presentations is provided by
an audible message from the AED stating “shock
advised,” which indicates that either ventricular
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fibrillation or ventricular tachycardia has been
detected by the device. Among persons with out-of-
hospital cardiac arrest, shockable initial rhythms
(noted in 7.7 to 32.0% of patients) occur signifi-
cantly less often than nonshockable rhythms and
are associated with a better prognosis than non-
shockable rhythms.>*-%

Operation of the AED by either trained or
untrained rescuers is guided by audible prompts
from the unit as well as graphical directions on
the device. Although AED design differs slightly
by manufacturer, the basic elements of operation
are the same in the various devices. The user is
instructed to turn the device on and to bare the
patient’s chest. The defibrillator pads must be
opened and their protective backing removed;
they are then positioned on the patient’s chest
according to the graphics shown on the AED. The
AED then analyzes the patient’s cardiac rhythm,
and if a shockable rhythm is detected, the user is
instructed to press a button that delivers the de-
fibrillatory shock. AEDs can be deployed in public
locations for use by lay providers as part of a
public-access defibrillation program.

The potential lifesaving advantages of AEDs
in public locations have been investigated exten-
sively. In a recent systematic review of 41 studies
of public-access defibrillation, the median per-
centage of patients who survived to hospital dis-
charge was 53.0% when defibrillation was per-
formed by lay first responders as compared with
28.6% when defibrillation was performed by EMS
personnel (Fig. 3).** In 2018, the Resuscitation
Outcomes Consortium investigators reported the
results of a comparison of defibrillation with a
bystander-applied AED and defibrillation by EMS
in nearly 50,000 out-of-hospital cardiac arrests in
nine U.S. regions.® The investigators reported
that 66.5% of patients in whom defibrillation
was performed by bystanders, as compared with
43.0% in whom defibrillation was performed by
EMS, survived to hospital discharge; in addition,
hospital discharge with a favorable neurologic
outcome was more commonly seen among pa-
tients in whom defibrillation had been performed
by bystanders than among those in whom defi-
brillation had been performed by EMS (57.1% vs.
32.7%). Among all observed out-of-hospital car-
diac arrests, bystanders applied an AED in 15.9%
of cases.® The benefit of bystander AED-delivered
defibrillation increased as EMS response times
became longer.® In 2019, Nehme et al. reported

60
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50
40-]
304 28.6

20

10+ 71

Survival to Hospital Discharge or 30 Days (%)

All Patients ~ When Emergency ~ When Lay
with Cardiac ~ First Responders  Bystanders

Arrest Provide Provide
Defibrillation Defibrillation
Using AEDs

Figure 3. Survival after Cardiac Arrest, with Defibrilla-
tory Shock Delivered by Bystander-Accessible AED or
EMS Device.

Survival to discharge or to 30 days is significantly high-
er when an AED is available and used by lay providers
for defibrillation in a person with cardiac arrest before
EMS arrival than when defibrillation is delivered by
EMS providers. Adapted from www.sca-aware.org/sca-
news/bystander-use-of-aeds-could-double-the-number-
of-survivors, with data from Baekgaard et al.®* and Ber-
dowski et al.?

the results of a study®® of out-of-hospital cardiac
arrest defibrillation performed by bystanders,
first responders, and paramedics, and reported
the resultant outcomes for an 18-year period
(2000—2017). When comparing the initial (2000—
2002) and final (2015-2017) 2-year segments of
the study period, the authors noted an overall
increase in the number of patients in whom defi-
brillation was performed by bystanders (from
2.0% to 11.2%) and first responders (from 3.8%
to 8.2%). Over this same period, they reported a
significant increase in survival to hospital dis-
charge regardless of whether defibrillation was
performed by bystanders, first responders, or
paramedics (P<0.001 for all three groups); how-
ever, the increase was greater among patients in
whom defibrillation was performed by bystand-
ers (from 6.7% to 55.5%) than among patients in
whom defibrillation was performed by first re-
sponders (from 10.5% to 37.8%) and paramedics
(11.6% to 28.8%).
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Figure 4. Public AED Accessibility in Toronto at Noon and Midnight.

Of a total of 737 registered AEDs in Toronto, 707 (95.9%) were available at noon and 228 (30.9%) were available
at midnight. The AEDs included in these maps were available at least 5 days a week at their respective examined

AEDs are especially useful when placed in
public places where there is a reasonable prob-
ability of a witnessed cardiac arrest within a
defined period of time.”” The AHA and ERC
recommend that AEDs are best placed in loca-
tions such as airports, rail terminals, casinos,
and sports arenas®*3® or in locations in which
there is at least one cardiac arrest every 5 years.”
AED placement in commercial aircraft is required
by many nations, including the United States.
Unfortunately, placement of AEDs in private
homes has not been shown to be beneficial; in
one study of more than 7000 high-risk patients
(those who had previous anterior myocardial
infarctions), placement of an AED in the home
did not improve overall survival.®® Estimates of
the cost-effectiveness of public-access AEDs vary,
ranging from approximately $40,000 to $80,000
per quality-adjusted life-year (QALY) gained when
AEDs are placed in shopping malls or sports are-
nas to more than $1 million per QALY gained for
AEDs placed in less densely populated areas.®

Although AEDs offer many benefits, there are
challenges to their use by lay providers. Studies
suggest that even in regions in which active ef-
forts have been made to position public-access
AEDs widely, less than 10% of out-of-hospital
cardiac arrests occur within 100 m of an AED.3*7°
Furthermore, many AEDs that are installed in the
community are located inside buildings such as
schools, business offices, and sports facilities that
are not accessible to the public during evenings,

at night, or on weekends’*”* (Fig. 4). In addition,
when the ability of untrained laypersons to oper-
ate AEDs was evaluated, substantial variation in
ability was observed.” Both graphical and audible
directions for defibrillator pad placement are im-
portant.” Finally, although AED use is potentially
lifesaving, operating an AED may cause the by-
stander to be distracted from performing CPR.”

LAY PROVIDER EDUCATION

To provide effective bystander care, a layperson
must be able to recognize the presence of car-
diac arrest, call for help, begin CPR, and use an
AED (if one is readily available).}? Unfortunately,
the ability of lay bystanders to recognize cardiac
arrest and perform CPR is not uniform across
communities, which has resulted in variable ap-
plication of bystander CPR. It is estimated that
only approximately 2.4% of the U.S. population
undergoes CPR training each year. Areas with
low rates of CPR training correspond to regions
of the U.S. in which the outcome of cardiac ar-
rest is less favorable.”

Training should include provision of informa-
tion as well as deliberate practice, with a focus on
repetition with feedback, until mastery is ob-
tained.”” Traditional CPR classroom courses nor-
mally take 3 to 4 hours and require an on-scene
instructor. To maximize the number of layper-
sons trained in CPR, many innovative teaching
methods are being studied or are already in use,
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including installation of CPR kiosks in public
locations (Fig. 5), mass training of hundreds or
thousands of people in stadiums, instructional
role-playing games, and use of virtual reality
programs.'>’®”° Courses that use videos ranging
in length from 60 seconds to 8 minutes may be
effective in training people to perform compres-
sion-only CPR.*’ A 4-minute kiosk-based training
session, including video instruction and practice
sessions with feedback, appears to be more effec-
tive than video instruction alone.®!

Many national and international organiza-
tions have called for universal CPR training. The
World Health Organization has endorsed the
“Kids Save Lives” training initiative, which recom-
mends that school-age children receive 2 hours of
CPR training annually.”® The AHA has a stated
goal of training 20 million people per year in
CPR by 2020,%° and ILCOR has launched the “All
Citizens of the World Can Save a Life” program
to increase CPR training and performance.®

CONCLUSIONS

The report “Strategies to Improve Cardiac Arrest
Survival: A Time to Act” of the Institute of Medi-
cine (IOM, now the National Academy of Medi-
cine) recommends that physicians “ . . foster a
culture of action through public awareness and
training” in cardiac arrest management.’! Physi-
cians should support this approach by encourag-
ing the public to participate in prearrival care,
endorsing appropriate lay provider education, and
advocating for placement of public-access AEDs.
Physicians should also make the public aware of
the substantial effect bystander care has on sur-
vival.

The IOM report also refers to “The Power of
Multiple Initiatives” — the benefit of approach-
ing this major public health issue from multiple
strategic directions simultaneously with educa-

Figure 5. Chest Compression Training Kiosk at Balti-
more—-Washington International Airport.

CPR training kiosks are currently deployed in many
high-traffic public locations to train people such as air
travelers awaiting a flight or audience members at-
tending a public event.

tion, training, and resource implementation.*!
The multiple-initiatives approach emphasizes car-
diac arrest recognition, call for assistance, CPR
performance, and AED application.”® If these
prearrival measures are initiated early in out-of-
hospital cardiac arrest, they have the potential to
significantly increase the likelihood of meaning-
ful survival.
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