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Cardiac arrest survival after implementation of automated external
defibrillator technology in the in-hospital setting
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Cardiac arrest causes 250,000
out-of-hospital deaths in the
United States every year (1).
In arrests caused by ventricu-

lar tachycardia (VT) or ventricular fibril-
lation (VF), survival decreases rapidly as
time to defibrillation increases (2, 3). Au-
tomated external defibrillators (AEDs)
have been shown to reduce time to first
shock (4, 5) and improve survival in out-
of-hospital VF arrest (6, 7), leading to an
American Heart Association class I rec-
ommendation for their use in this setting
(8). The importance of early defibrillation
is paramount; AED use conferred no sur-
vival advantage in studies failing to dem-
onstrate an improvement in time to de-
fibrillation (9, 13).

In contrast to out-of-hospital cardiac
arrest, outcomes after in-hospital cardiac
arrest have been relatively unchanged for
the past 40 years (14). In a recent multi-
center registry, survival to discharge was
only 18% (11% for asystole �AS� or pulse-
less electrical activity �PEA�, 36% for VT/
VF) (15). Data on in-hospital VT/VF arrest
suggest an inverse relationship between
time to defibrillation and survival (16,
18). Use of AEDs has been proposed as a
strategy to improve in-hospital cardiac
arrest survival via prompt defibrillation
by floor personnel who witness a VT/VF
arrest. Observational studies of in-
hospital VT/VF arrest resuscitated with an
AED have reported survival to discharge
of 33% to 56% (19–21). To date, only one
study has compared outcomes of in-
hospital cardiac arrest resuscitated with
AEDs to standard defibrillators (22). De-
spite limited evidence, American Heart
Association guidelines recommend con-
sideration of AED use in the in-hospital
setting as a means to shorten time to first
shock to within 3 minutes of collapse (8).

Based on favorable AED outcomes for
out-of-hospital arrest, all standard defi-
brillators were converted to AEDs at Wil-
liam Beaumont Hospital. First responders
would have the capability to defibrillate be-
fore the arrival of the cardiopulmonary

resuscitation (CPR) team. The purpose of
this study was to determine whether
outcomes were improved, worsened, or
unchanged in patients with in-hospital
cardiac arrest by use of AEDs vs. stan-
dard defibrillators. It was hypothesized
that compared with standard defibrilla-
tors, AEDs would reduce time to first
shock and improve survival after in-
hospital cardiac arrest caused by VT/VF,
but have no effect on survival after in-
hospital cardiac arrest caused by AS/
PEA.

METHODS

Study Setting. The study was conducted at
William Beaumont Hospital, a 1066-bed ter-
tiary care teaching hospital in Royal Oak, MI
with 58,000 inpatient admissions per year and
115,500 emergency room visits per year. Mon-
itoring facilities included 102 critical care
beds, 144 stepdown beds, and 128 additional
beds. Average daily occupancy of these beds
was 91% from January 1, 2004 to December
31, 2006. Cardiopulmonary arrests on step-
down units or general wards elicited a re-
sponse from a CPR team comprising a phar-
macist, a respiratory technician, two critical
care nurses, and a physician (internal medi-
cine resident, internal medicine subspecialty
fellow, or internal medicine attending) capa-
ble of performing advanced cardiac life sup-
port (ACLS). In other settings, a cardiopulmo-
nary arrest elicited an ACLS response by
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Background: Survival from ventricular tachycardia (VT) or ven-
tricular fibrillation (VF) arrest is inversely related to delay to
defibrillation. The automated external defibrillator (AED) has im-
proved survival after out-of-hospital VT/VF arrest by decreasing
time to defibrillation. The purpose of this study was to determine
whether survival to discharge after in-hospital cardiac arrest
caused by VT/VF could be improved via an institution-wide
change from a standard monophasic defibrillator to a biphasic
defibrillator with AED capability.

Methods and Results: After extensive staff education, all stan-
dard defibrillators were replaced by AEDs at a single institution.
Outcomes were analyzed for 1 year before the change and 1 year
after the change using a prospective database. In patients whose
initial rhythm was VT/VF, AEDs were not associated with improve-
ment in time to first shock (median 1 minute for both cohorts, p �

0.79) or survival to discharge (31% vs. 29%, p � 0.8) compared
with standard defibrillators. In patients whose initial rhythm was
asystole or pulseless electrical activity, AEDs were associated
with a significant decrease in survival (15%) compared with
standard defibrillators (23%, p � 0.04). The overall AED cohort
showed no difference in survival to discharge compared with the
standard cohort (18% vs. 23%, p � 0.09).

Conclusions: Replacement of standard monophasic defibrilla-
tors with biphasic AEDs was associated with unchanged survival
after in-hospital VT/VF arrest and decreased survival after in-
hospital asystole or pulseless electrical activity arrest. (Crit Care
Med 2009; 37:000–000)

KEY WORDS: heart arrest; tachyarrhythmia; defibrillation; cardio-
pulmonary resuscitation; survival
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personnel already present in that particular
nursing unit.

Defibrillation Protocol. Before September
11, 2004, the hospital was equipped exclu-
sively with standard monophasic defibrillators
(Zoll, Chelmsford, MA; Hewlett Packard, Palo
Alto, CA; Physio-control, Redmond, WA; n �
229). Cardiac arrests elicited a basic life sup-
port (BLS) response from floor personnel, and
ACLS and defibrillation were performed only
after CPR team arrival. From September 11,
2004 to March 8, 2005, standard monophasic
defibrillators were completely replaced by
AED-capable biphasic defibrillators (Medtronic
Lifepak 20, Minneapolis, MN; n � 240) at a
total cost to the institution of �1,976,000$.
After March 8, 2005, a cardiac arrest on the
stepdown unit or general ward elicited AED
application by floor personnel (with shock de-
livery if appropriate) in addition to BLS. First
shock energies were 200 J in both the standard
defibrillator group (recommended) and the
AED group (automatic). Shock energies were
escalated to a maximum of 360 J. Once the
CPR team arrived, the AED mode was discon-
tinued and the device was then used as a
manual biphasic defibrillator. A cardiac arrest
in the intensive care unit (ICU), emergency
department, operating room, recovery room,
or cardiac catheterization/electrophysiology
laboratory elicited a response from the ACLS-
trained personnel already present without a
separate CPR team response, and the AED was
used exclusively as a manual biphasic defibril-
lator. Thus, AED devices were not uniformly
used in the AED mode.

AED Training. Training of 1791 nurses,
nurse anesthetists, and medical/surgical resi-
dents consisted of a mandatory computer tu-
torial (30–60 minutes) and either 30 minutes
of hands-on classroom instruction for BLS
providers or 60 minutes of hands-on class-
room instruction for ACLS providers. Training
was timed to take place 1 to 2 weeks before the
device was deployed on a particular nursing
unit. After deployment of AEDs, approximately
500 nurses underwent optional repeat train-
ing, and all new hires were also required to
complete the training.

Study Population. The study population
consisted of 561 inpatients, emergency depart-
ment patients, and outpatients undergoing di-
agnostic or therapeutic procedures who suf-
fered a cardiac arrest with a CPR attempt. Two
time periods were examined: 1 year immedi-
ately preceding introduction of AEDs (stan-
dard cohort: September 11, 2003 to Septem-
ber 10, 2004) and 1 year immediately after
complete deployment of AEDs and staff train-
ing (AED cohort: March 9, 2005 to March 8,
2006). CPR data were prospectively recorded
on a standardized form during the resuscita-
tion attempt by a dedicated scribe and time-
keeper, and retrospectively examined for this
study. Demographic and outcome data were
obtained from the electronic medical record
and patient chart in compliance with the pol-
icies of the institutional Human Investigation

Committee after committee approval of the
protocol. All variables and outcomes were de-
scribed according to the Utstein style (23, 24)
and operational definitions provided by the
National Registry for Cardiopulmonary Resus-
citation.

Inclusion/Exclusion Criteria. All adult in-
patients, emergency department patients, and
outpatient procedure patients suffering from
cardiac arrest requiring chest compressions,
defibrillation, or both were screened for inclu-
sion. If a patient had multiple cardiac arrests
during a single hospitalization, only the first
event was included. CPR attempts were ex-
cluded for return of perfusing rhythm before
chest compressions or defibrillation, modified
Do Not Resuscitate status that disallowed
chest compressions or defibrillation, internal
defibrillation, events beginning outside of the
hospital, or an incomplete CPR record.

Definitions. Patients with cardiac arrest
were grouped as shown in Figure 1. Initial
rhythm during cardiac arrest was described as
either “initial VT/VF” or “initial AS/PEA.” This
latter group was divided into patients who
developed VT/VF at any point during resusci-
tation (“late VT/VF”) and patients who re-
mained in AS/PEA for the entire resuscitation
effort (“AS/PEA only”). CPR delay was defined
as the time from first notification of the car-
diac arrest (earliest time of arrest noted dur-
ing review of standardized cardiac arrest form,
nursing notes, progress notes, and telemetry
strips) until the first clinical charting of shock
or chest compressions.

Data Analysis. The primary outcomes were
survival to discharge after initial VT/VF arrest
and survival to discharge after initial AS/PEA
arrest. Secondary outcomes included time to
first shock (onset of VT/VF to first attempted
defibrillation), shock effectiveness (immediate
conversion to any rhythm other than VT/VF),
return of spontaneous circulation (ROSC),
CPR survival (ROSC � 20 minutes), 24-hour
survival, and survival to discharge. Time of
arrest, onset of VT/VF, and time of first at-
tempted defibrillation were abstracted from
the standardized cardiac arrest form and te-
lemetry printouts. Defibrillator clocks were
not synchronized. Whether an arrest was
monitored or witnessed was determined by
telemetry records and examination of nursing
and progress notes. Statistical analyses were
completed on the categorical variables using a
chi-square test when appropriate (expected
frequency �5); otherwise, a Fisher’s exact test
was used. The continuous variables were ana-
lyzed using a Wilcoxon’s rank sum test, a
nonparametric approximation of the Student’s
t test based on the ranks of the values.

RESULTS

Baseline Characteristics. Patient clas-
sification by CPR rhythm is shown in
Figure 1. Six hundred and forty-one ini-
tial cardiac arrests occurred during the
study period. Eighty events met exclusion

criteria. The standard cohort comprised
49.4% (277 patients) and the AED cohort
comprised 50.6% (284 patients) of the
final 561 patients reported.

Demographic and clinical characteris-
tics of the patients included in the study
analysis are listed in Table 1. There were
no differences between the standard and
AED cohorts with regard to age, sex, race,
body mass index, illness category, or pre-
existing conditions. Prearrest medica-
tions were similar except for lower like-
lihood of angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker
use in the AED cohort (20% vs. 29%, p �
0.02) compared with the standard cohort.
When the initial VT/VF group was ana-
lyzed separately, there was similarly a
lower likelihood of angiotensin-convert-
ing enzyme inhibitor/angiotensin recep-
tor blocker use in the AED cohort (18 of
42 patients, 43%) compared with the
standard cohort (10 of 45 patients, 22%;
p � 0.04). There were no differences be-
tween cohorts in the initial AS/PEA
group.

Cardiac Arrest Event Characteristics.
There were no differences between co-
horts with regard to the predominant
rhythm observed during the arrest, the
proportion of eligible patients who appro-
priately received a shock, whether the
arrest was monitored/witnessed, the work
shift during which the arrest occurred,
CPR delay (the interval from recognition
of cardiac arrest until initiation of resus-
citative efforts), the interval from recog-
nition of cardiac arrest to first adminis-
tration of epinephrine, or length of
resuscitation. Location of arrest was sim-
ilar between study cohorts except for
lower probability of arrest in the operat-
ing room/recovery room in the AED co-
hort (0.7%) compared with the standard
cohort (3.3%; p � 0.03). When the initial
VT/VF and initial AS/PEA groups were
analyzed separately, there were no differ-
ences between cohorts in cardiac arrest
event characteristics (Table 2).

Time to First Shock. In the initial
VT/VF group, there was no difference in
time to first shock in the AED cohort
(median 1.0 minute) compared with the
standard cohort (median 1.0 minute; p �
0.79). In the late VT/VF group, there was
no difference in time to first shock in the
AED cohort (median 0 minute) compared
with the standard cohort (median 0
minute; p � 0.51). Time to first shock
was stratified by location for both initial
VT/VF (Table 3) and late VT/VF (data not
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shown); no location showed a significant
difference between cohorts.

First Responder Shocks. Because the
stepdown units and the general wards
were the locations in which the new de-
fibrillators were used in the AED mode,
outcomes in patients who received a
shock by first responders were compared
with those who were shocked after the
CPR team arrived in these locations. Of
the 20 patients in the AED cohort with
VT/VF arrest in the stepdown/general
ward, six (30%) were shocked before CPR
team arrival (median time to first shock
1.5 minutes, range 0–3 minutes) and 13
(70%) were shocked coincident with or
after CPR team arrival time (median time

to first shock 2.0 minutes, range 0–16
minutes). CPR team arrival time was un-
available in one patient. In this small
subset of patients, survival to hospital
discharge was 17% for the patients
shocked before CPR team arrival vs. 31%
for those shocked by the CPR team (p �
not significant).

Stratification of CPR Delay. CPR delay
was stratified by the recorded rhythm and
by the nursing unit location to assess
whether confounding factors affected the
outcome of resuscitative efforts. There
was a trend toward longer CPR delay in
the AED cohort compared with the stan-
dard cohort for all rhythm subgroups,
but this achieved significance only in the

late VT/VF subgroup. The longest CPR
delays in the AED cohort occurred out-
side of the ICUs, particularly in general
hospital wards. However, delays in CPR
initiation in particular nursing units did
not directly correlate with differences in
survival (Table 4).

Clinical Outcomes. No difference in
any primary or secondary outcome was
seen in the initial VT/VF group, late
VT/VF group, or in all patients. In pa-
tients with an initial rhythm of AS/PEA,
survival to discharge was worse in the
AED cohort compared with the standard
cohort (15% vs. 23%, p � 0.04). In the
AS/PEA-only group, patients in the AED
cohort had decreased survival at 24 hours
(36% vs. 46%, p � 0.05) and survival to
hospital discharge (17% vs. 26%, p �
0.04) compared with patients in the stan-
dard cohort. Survival to discharge for ini-
tial VT/VF, late VT/VF, initial AS/PEA, and
all patients did not differ between cohorts
at any nursing unit location. The AS/
PEA-only patients showed decreased sur-
vival in the ICU (Tables 5 and 6).

DISCUSSION

The aim of the current study was to
determine the effect of AEDs on in-
hospital resuscitation outcomes com-
pared with standard defibrillators. Among
patients with initial VT/VF during in-
hospital resuscitation, AEDs failed to im-
prove time to first shock or survival to
discharge. Defibrillation by first respond-
ers before CPR team arrival occurred in
only 30% of eligible patients, and survival
in this small subset of patients was un-
improved. Among patients with AS/PEA
as the initial rhythm, AEDs were associ-
ated with decreased survival to discharge,
primarily among patients who never had
VT/VF during CPR (AS/PEA only). Sur-
vival in the overall group of 561 patients
was unaffected by the availability of AED
functionality. Use of the AED mode was
associated with a trend toward increased
CPR delay, but a direct causal link be-
tween CPR delay and survival was not
identified.

Outcomes in Patients With VT/VF.
Compared with standard defibrillators,
AEDs conferred no advantage for any out-
come in the initial VT/VF group. Al-
though time to first shock was not re-
duced after the change to an AED, it is
interesting to note that both cohorts re-
ceived an initial shock within 3 minutes
of loss of pulse (median 1 minute for
both). The American Heart Association

Screened CPR
Standard = 311 

AED = 297 
Total = 641

Excluded CPR
Standard = 50

AED = 30
Total = 80

CPR
Standard = 277

AED = 284
Total = 561

Initial VT/VF
Standard = 42

AED = 45
Total = 87

Initial AS/PEA
Standard = 235

AED = 239
Total = 474

Late VT/VF
Standard = 54

AED = 57
Total = 111

AS/PEA only
Standard = 181

AED = 182
Total = 363

INITIAL RHYTHM

LATE RHYTHM

Incomplete Record = 48
Modified DNR = 12
Internal defibrillation = 11
Prehospital arrest = 5
Spontaneous ROSC = 4

Figure 1. Patient groups. After exclusion, patients were first divided by initial rhythm into initial VT/VF
and initial asystole or pulseless electrical activity (AS/PEA) groups. Initial AS/PEA patients were further
divided into subgroups based on whether VT/VF subsequently developed during resuscitation (late
VT/VF or AS/PEA only). CPR, cardiopulmonary resuscitation; DNR, Do Not Resuscitate; ROSC, return
of spontaneous circulation; VT, ventricular tachycardia; VF, ventricular fibrillation; AS, asystole; PEA,
pulseless electrical activity.
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goal for time to first shock of �3 minutes
(8) was met even before AEDs were in-
troduced, and the addition of AEDs in
this setting did not provide further ben-
efit. These findings are similar to an
out-of-hospital, controlled crossover
AED study of 879 patients (25) that
reported adding AEDs to BLS per-
formed by first responders was not as-
sociated with improvement in survival
compared with BLS alone because of
the rapid response time of the paramed-
ics. The authors concluded that AEDs
are unlikely to provide additional ben-
efit in the setting of a fast ACLS re-
sponse time. Recent multicenter data
(15) show that median delay to first
in-hospital shock is only 1 minute.
Thus, the current study indicates that
survival benefit might not be expected
by introducing AEDs to the in-hospital
setting, particularly in nursing units
where first responders are ACLS
trained.

A recent multivariate regression anal-
ysis (18) identified clinical factors associ-
ated with delayed defibrillation (�2 min-

utes) in the setting of in-hospital VT/VF
arrest, including black race, noncardiac
admission diagnosis, arrest occurring in
a hospital with fewer than 250 beds, un-
monitored arrest, and arrest during the
evening shift. Whether AEDs can improve
in-hospital survival in these subgroups is
a question worthy of future prospective
study.

Only 30% of eligible initial VT/VF pa-
tients (those whose VT/VF arrests oc-
curred on stepdown and general ward
units) were shocked before CPR team ar-
rival. Median time to first shock was 2
minutes among the 70% of eligible initial
VT/VF patients shocked by the CPR team,
again suggesting that a relatively quick
CPR team response may have prevented
the opportunity for defibrillation by
first responders in AED mode in most
cases. Alternatively, inability on the
part of first responders to use the AED
quickly or effectively (despite an educa-
tional program that accompanied AED
deployment) may have contributed to
the inability to demonstrate improved
survival. The potential for worse out-

comes using a device with AED capabil-
ity was highlighted by a sentinel event
in which both first responders and the
CPR team failed to use the new defibril-
lator correctly, resulting in delayed
shock administration (�10 minutes)
while staff awaited automatic shock de-
livery.

Even if a small decrease in time to first
shock can be realized with an AED, any
consequent benefit may be negated by
delayed initiation of resuscitation. Strat-
ification of CPR delay by location revealed
that nursing units using AED mode (step-
down and general ward) showed an in-
crease in CPR delay; this delay was likely
due to time spent locating and applying
the AED pads and waiting for rhythm
analysis. Furthermore, verbal prompts
during resuscitation in AED mode may
have encouraged prolonged “hands-off”
periods during the resuscitation attempt.
Minimization of interruption of chest
compressions has been shown to improve
witnessed VF survival in the out-of-
hospital setting (26); it seems likely that
AED-mediated pauses in chest compres-
sions would be detrimental in the in-
hospital setting as well. A prospective
head-to-head comparison of AEDs pro-
grammed with standard CPR instructions
to AEDs programmed with verbal in-
structions designed to maximize chest
compressions could answer this impor-
tant clinical question.

Termination of VT/VF was equally
likely with a biphasic compared with a
monophasic waveform for the initial
VT/VF and late VT/VF groups. This is con-
sistent with a recent blinded trial (27) of
168 patients with out-of-hospital VF ar-
rest randomized to monophasic or bipha-
sic shocks; despite favorable trends, no
differences in shock effectiveness, ROSC,
or survival to hospital admission were
seen. Other studies have demonstrated
improved shock effectiveness with a bi-
phasic waveform (28–31). Neither wave-
form has been consistently associated
with improved ROSC or survival to dis-
charge (1). Shock energies were not
available in the current study, so assess-
ment of the effectiveness of lower energy
biphasic shocks compared with higher
energy monophasic shocks cannot be
made.

Outcomes in Patients With AS/PEA.
Because defibrillation plays no role in the
management of AS/PEA, the investigators
hypothesized that a changeover from
standard defibrillators to AEDs would not
affect outcomes in this group. AS/PEA

Table 1. Demographic and clinical characteristics

Standard
(N � 277)

Automated
External Defibrillator

(N � 284) p

Age 72 � 14 (75) 71 � 15 (75) 0.87
Sex (male) 153 (55%) 151 (53%) 0.62
Race

White 203 (73.3%) 204 (71.8%) 0.70
Black 41 (14.8%) 57 (20.1%) 0.10
Hispanic 0 (0%) 2 (0.7%)
Other 18 (6.5%) 13 (4.6%) 0.32
Unknown 15 (5.4%) 8 (2.8%) 0.12

Body mass index 27.3 � 8.1 (26) 27.6 � 8.5 (26) 0.96
Illness category

Medical, cardiac 75 (27.1%) 74 (26.1%) 0.78
Medical, noncardiac 128 (46.2%) 144 (50.7%) 0.29
Surgical, cardiac 30 (10.8%) 33 (11.6%) 0.77
Surgical, noncardiac 39 (14.1%) 30 (10.6%) 0.20
Trauma 5 (1.8%) 3 (1.1%) 0.50

Preexisting conditions
Myocardial infarction 117 (42%) 118 (42%) 0.87
Congestive heart failure 153 (55%) 150 (53%) 0.57
Coronary artery bypass graft 70 (25%) 60 (21%) 0.24
Diabetes mellitus 121 (44%) 108 (38%) 0.17
Renal insufficiency 112 (40%) 111 (39%) 0.74
Hypertension 212 (77%) 212 (75%) 0.60
Arrhythmia 128 (46%) 117 (41%) 0.23

Medications within 24 hrs of cardiac arrest
Beta blocker 125 (45%) 122 (43%) 0.60
Angiotensin-converting enzyme inhibitor/

angiotensin receptor blocker
80 (29%) 58 (20%) 0.02

Amiodarone 51 (18%) 40 (14%) 0.16
Aspirin 108 (39%) 118 (42%) 0.54
Clopidogrel 41 (15%) 48 (17%) 0.50
Digoxin 36 (13%) 29 (10%) 0.30
Calcium channel blocker 49 (18%) 37 (13%) 0.13
Other cardiac 18 (6.5%) 20 (7.0%) 0.80
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arrest outcomes (for both initial AS/PEA
and AS/PEA-only groups) were unexpect-
edly worse after AEDs were introduced.
Because the AS/PEA-only patients never
received a shock from either an AED or a
standard defibrillator, an unknown differ-
ence associated with the introduction of

the AED must be implicated. In both the
initial AS/PEA group and the AS/PEA-
only subgroup, the AED cohort showed
no differences in CPR delay, interval to
first epinephrine, ROSC, or CPR survival
compared with the standard patients. In-
creased CPR delay seen on nursing units

using AED mode (stepdown and general
ward) and the probable decreased propor-
tion of resuscitation time spent perform-
ing chest compressions due to AED ver-
bal instructions likely contributed to the
overall decrease in survival in this group.
Interestingly, these delays did not di-
rectly correlate with decreased survival in
stepdown and general ward locations,
specifically.

AS/PEA survival was worse in the ICU,
where ACLS is immediately available.
This finding suggests that unknown dif-
ferences in CPR protocol between the co-
horts may also have undermined the ef-
fectiveness of CPR. Differences in
unavailable demographic or clinical fac-
tors or differences in postresuscitation
care might also account for the survival
decrease in the AED cohort.

Prior Studies. The observed lack of
benefit associated with the introduction
of AEDs stands in stark contrast to the
findings of Zafari et al (22) who demon-
strated an increase in cardiac arrest sur-
vival to discharge from 4.9% to 12.8% in
all patients after switching from a
monophasic defibrillator to biphasic AED
in a single-center study at a Veterans
Administration hospital from 1995 to
2002. The improvement in overall mor-
tality was attributed solely to improved
survival (37.5%) in patients whose initial
rhythm was VT/VF. Rhythms other than
VT/VF showed no difference in survival
after AEDs were deployed.

This result is difficult to reconcile
with the outcome of our study; however,
it is likely that the extremely low survival
before AED implementation, differences
in comorbidities and acuity in a VA com-
pared with a community hospital popula-
tion, an almost exclusively male patient
cohort, evolution of CPR guidelines, and
changes in the Veterans Administration
hospital system over the 7-year study pe-
riod limit the generalizability of this re-
sult. The VA study did not capture time to
first shock or effectiveness of first shock,
so whether these factors contributed to
the improvement in survival cannot be
determined. It is possible that the ob-
served survival benefit may have been due
to improved CPR team response time, the
intensive educational program that pre-
ceded AED introduction, or to the use of
a biphasic waveform.

Limitations. In the current study,
three separate interventions were intro-
duced at one time: biphasic waveform
devices replaced monophasic devices,
AED mode replaced manual mode in cer-

Table 2. Cardiac arrest event characteristics

Standard
(N � 277)

Automated External
Defibrillator (N � 284) p

Rhythm
Initial AS/PEA 235 (85%) 239 (84%) 0.82
Initial VT/VF 42 (15%) 45 (16%) 0.82
Late VT/VF (VT/VF after initial AS/PEA) 54 (19%) 57 (20%) 0.86
AS/PEA only (AS/PEA for duration of CPR) 181 (65%) 182 (64%) 0.76
VT/VF receiving shock 39/42 (93%) 41/45 (91%) 1.00
Late VT/VF receiving shock 48/54 (89%) 55/57 (96%) 0.15
AS/PEA only receiving shock 4/181 (2.2%) 3/182 (1.6%) 0.72

Location
Intensive care unit 102 (36.8%) 111 (39.1%) 0.58
Stepdown 54 (19.5%) 49 (17.3%) 0.49
General ward 76 (27.4%) 87 (30.6%) 0.40
Emergency room 18 (6.5%) 11 (3.9%) 0.16
Operating room/recovery room 9 (3.3%) 2 (0.7%) 0.03
Cardiac catheterization/electrophysiology lab 10 (3.6%) 19 (6.7%) 0.10
Other 8 (2.9%) 5 (1.8%) 0.37

Monitored/witnessed 246 (89%) 242 (85%) 0.21
Shift 0.30
Day 148 (53%) 164 (58%)
Evening 129 (47%) 120 (42%)
CPR delay (interval to initiation of CPR, min)

Median (25th, 75th percentile) 0 (0, 1) 0 (0, 2) 0.08
Time to first epinephrine, initial AS/PEA (min)

Median (25th, 75th percentile) 3.0 (1, 5) 2.0 (0, 5) 0.25
Time to first epinephrine, AS/PEA only (min)

Median (25th, 75th percentile) 3.0 (1, 5) 2.0 (0, 5) 0.22
First shock effectiveness, initial VT/VF (%) 85 73 0.21
First shock effectiveness, late VT/VF (%) 71 78 0.39
CPR duration (min) (mean � SD) 17.2 � 14 16.5 � 14 0.32

Table 3. Time to first shock, patients with VT/VF as initial rhythm by location

Standard
Automated External

Defibrillator p

All locations (n � 39) (n � 41)
1.0 (0, 4) 1.0 (0, 2) 0.79

Intensive care unit n � 15 n � 13
0 (0, 1) 1.0 (0, 2) 0.42

Stepdown n � 7 n � 11
2.0 (0, 6) 1.0 (0, 5) 0.75

General ward n � 8 n � 9
4.5 (2.5, 5.5) 2.0 (1, 5) 0.35

Emergency room n � 3 n � 3
0 (0, 1) 0 (0, 2) 1.00

Operating room/recovery room n � 1 n � 0
3.0

Cardiac catheterization/electrophysiology lab n � 4 n � 5
0 (0, 0.5) 0 (0, 0) 0.4

Other n � 1 n � 0
13

Location other than intensive care unit n � 24 n � 28
2.0 (0, 5) 1.0 (0, 3) 0.32

Stepdown � general ward n � 15 n � 20
4.0 (1, 6) 2.0 (0.5, 5) 0.32

Data are expressed as medians (25th, 75th percentile).
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tain nursing units, and an extensive edu-
cational campaign was conducted to en-
courage AED use. Because of the
retrospective design of this study, it is
difficult to ascribe any treatment effect to
a single intervention. It is possible that
the enhanced education that preceded
AED deployment should have improved
outcomes via the Hawthorne effect; how-
ever, the decreased survival in initial AS/
PEA patients provides strong evidence
that training was not a confounder. The
two cohorts were sequential comparison

groups, so a concurrent control group
was not available. Evolution of ACLS pro-
tocols throughout the study may have
introduced unavoidable differences in the
conduct of resuscitations between the co-
horts; however, new guidelines re-
emphasizing the paramount importance
of chest compressions (32) should have
actually improved outcomes in the later
AED cohort. Outcomes arising from the
introduction of AED-capable defibrilla-
tors might differ from one hospital to
another, depending on differences in CPR

training and skills, specialty of the hospi-
tal, or other factors.

The lack of survival improvement in
VT/VF arrests may also be due to insuffi-
cient power to detect differences in out-
comes. Although VF is present at first
analysis of rhythm in about 40% of out-
of-hospital cardiac arrests (32), VT/VF ac-
counts for only 23% of all in-hospital
cardiac arrests (15), and just 16% of the
patients in this study. Only 45 VT/VF ar-
rests occurred in the year after AED de-
ployment, and only 20 were resuscitated
in AED mode, with six of these patients
receiving a shock before the arrival of
ACLS providers. A longer period of obser-
vation would have allowed for increased
numbers of VT/VF arrests and better as-
sessment of AED effectiveness. The real
time of arrest onset was unknown in un-
monitored, unwitnessed events. In those
cases, the onset of the arrest was timed
from discovery of the patient and initia-
tion of the resuscitation effort, and there-
fore underestimated this value in those
cases. However, the percentage of unwit-
nessed arrests was similar among the two
cohorts (Table 2).

CONCLUSIONS

AED-capable biphasic defibrillators
failed to improve survival to discharge for
in-hospital VT/VF arrest compared with
standard monophasic defibrillators. It
seems likely that failure to improve an
already fast CPR team response time (and
consequent failure to reduce time to first
shock) may be responsible. These find-
ings suggest that if AEDs are to be used in
hospital, they should be deployed in facil-
ities with only BLS capability or in areas
where CPR team response and defibrilla-
tion may be delayed. An unexpected de-
crease in survival was associated with
changeover to an AED among patients
with in-hospital AS/PEA arrest, particu-
larly among patients who never had a
shockable rhythm. The cause of this is
unclear, but important confounding dif-
ferences between cohorts in CPR proto-
col, unmeasured demographic factors, or
postresuscitation care also cannot be
ruled out. Based on these data, in facili-
ties where ACLS is already available
within 3 minutes of cardiac arrest, it is
difficult to justify the considerable invest-
ment in equipment and education re-
quired when changing from manual de-
fibrillators to AEDs for the treatment of
in-hospital cardiac arrest.

Table 4. Cardiopulmonary resuscitation delay by rhythm and location

Standard
(N � 277)

Automated External
Defibrillator (N � 284) p

Initial VT/VF 0 (0, 1) 0 (0, 1) 0.55
Initial AS/PEA 0 (0, 1) 0 (0, 2) 0.10
AS/PEA only 0 (0, 1) 0 (0, 2) 0.53
Late VT/VF 0 (0, 0) 0 (0, 3) 0.02
Intensive care unit 0 (0, 0) 0 (0, 0) 0.70
Stepdown 0 (0, 2) 0 (0, 2) 0.69
General ward 0 (0, 3) 2.0 (0, 5) 0.004
Emergency room 0 (0, 1) 0 (0, 0) 0.05
Operating room/recovery room 0 (0, 0) 0 (0, 0) 1.00
Cardiac catheterization/electrophysiology lab 0 (0, 0) 0 (0, 0) 0.22
Other 0 (0, 3) 4.0 (0, 9) 0.26
Location other than intensive care unit 0 (0, 2) 0 (0, 4) 0.01
Stepdown � general ward 0 (0, 2) 1.0 (0, 5) 0.007

VT, ventricular tachycardia; VF, ventricular fibrillation; AS, asystole; PEA, pulseless electrical
activity.

Data are expressed as medians (25th, 75th percentile).

Table 5. Clinical outcomes

Standard
Automated External

Defibrillator p

Initial VT/VF
ROSC 27/42 (64%) 30/45 (67%) 0.82
CPR survival 27/42 (64%) 28/45 (62%) 0.84
24-hr survival 18/42 (43%) 22/45 (49%) 0.57
Survival to discharge 12/42 (29%) 14/45 (31%) 0.80

Initial AS/PEA
ROSC 166/235 (71%) 161/239 (67%) 0.44
CPR survival 142/235 (60%) 142/239 (59%) 0.82
24-hr survival 98/235 (42%) 81/239 (34%) 0.08
Survival to discharge 53/235 (23%) 36/239 (15%) 0.04

AS/PEA only
ROSC 128/181 (71%) 128/182 (70%) 0.94
CPR survival 116/181 (65%) 114/182 (63%) 0.77
24-hr survival 84/181 (46%) 66/182 (36%) 0.05
Survival to discharge 47/181 (26%) 31/182 (17%) 0.04

Late VT/VF
ROSC 38/54 (70%) 33/57 (58%) 0.17
CPR survival 26/54 (48%) 28/57 (49%) 0.92
24-hr survival 14/54 (26%) 15/57 (26%) 0.96
Survival to discharge 6/54 (11%) 5/57 (9%) 0.68

All patients
ROSC 193/277 (70%) 191/284 (67%) 0.54
CPR survival 169/277 (61%) 170/284 (60%) 0.78
24-hr survival 116/277 (42%) 103/284 (36%) 0.17
Survival to discharge 65/277 (23%) 50/284 (18%) 0.09

VT, ventricular tachycardia; VF, ventricular fibrillation; ROSC, return of spontaneous circulation;
CPR, cardiopulmonary resuscitation; AS, asystole; PEA, pulseless electrical activity.
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