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People who survive out-of-hospital cardiac arrest have
an increased risk of recurrent arrest of 18%–20% in
the first year.1,2 Three large randomized studies eval-

uated the use of implantable cardioverter defibrillators
(ICDs) versus antiarrhythmic drugs in survivors of out-of-
hospital cardiac arrest.3–5 The largest of the 3 studies in-

volved 1016 patients and found a 39% relative risk reduc-
tion in mortality in the ICD group.3 The 2 smaller studies
both reported nonsignificant reductions in mortality in the
ICD group.4,5 Two recent meta-analyses showed that the
use of ICDs was associated with significant and important
increases in survival among cardiac arrest survivors: all-
cause mortality was reduced by 23%–28% with their use
for secondary prevention, and the rate of sudden cardiac
death was reduced by 50% in both meta-analyses.6,7

Guidelines from several national and international soci-
eties recommend insertion of ICDs in all survivors of cardiac
arrest without a reversible cause.8,9 Despite advances in ICD
insertion and technology, studies to date suggest that the uti-
lization rate is low, at least in some settings.10,11 Several factors,
including patient preference, physician referral, availability
and cost, may contribute to the underutilization of ICDs.

The Ontario Prehospital Advanced Life Support Study
(OPALS)12,13 is a multiphase before–after study designed to
systematically evaluate the effectiveness of various prehos-
pital interventions for people experiencing cardiac arrest,
trauma or respiratory arrest. As an extension of the OPALS
study, we sought to determine the rate of ICD insertion
among survivors of cardiac arrest, as well as the factors as-
sociated with ICD implantation.

Methods

The OPALS study included all patients who experienced an
out-of-hospital cardiac arrest, trauma or respiratory arrest from
1994 to 2002 and on whom resuscitation was attempted by emer-
gency responders. The methodology of the study for cardiac ar-
rest patients has been described previously.12,13 In brief, the study
took place in 19 urban and suburban Ontario communities with
populations of 12 000 to 750 000. All patients were included who
had an arrest of presumed cardiac cause from January 1997 to
April 2002 and for whom resuscitation by an emergency medical
services responder was attempted, following the Utstein guide-
lines,14 and who survived to hospital discharge. Cardiac arrest was
defined as the absence of a detectable pulse, unresponsiveness
and apnea. The 11 base hospital sites — Halton–Mississauga,
Cambridge, Kingston, Niagara, London, Ottawa, Peterborough,
Sarnia, Sudbury, Thunder Bay and Windsor — collected the fol-
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Abstract

Background: Survivors of out-of-hospital cardiac arrest are at high
risk of recurrent arrests, many of which could be prevented
with implantable cardioverter defibrillators (ICDs). We sought
to determine the ICD insertion rate among survivors of out-of-
hospital cardiac arrest and to determine factors associated
with ICD implantation.

Methods: The Ontario Prehospital Advanced Life Support
(OPALS) study is a prospective, multiphase, before–after study
assessing the effectiveness of prehospital interventions for peo-
ple experiencing cardiac arrest, trauma or respiratory arrest in
19 Ontario communities. We linked OPALS data describing
survivors of cardiac arrest with data from all defibrillator im-
plantation centres in Ontario.

Results: From January 1997 to April 2002, 454 patients in the
OPALS study survived to hospital discharge after experiencing
an out-of-hospital cardiac arrest. The mean age was 65 (stan-
dard deviation 14) years, 122 (26.9%) were women, 398
(87.7%) had a witnessed arrest, 372 (81.9%) had an initial
rhythm of ventricular tachycardia or ventricular fibrillation
(VT/VF), and 76 (16.7%) had asystole or another arrhythmia.
The median cerebral performance category at discharge (range
1–5, 1 = normal) was 1. Only 58 (12.8%) of the 454 patients
received an ICD. Patients with an initial rhythm of VT/VF were
more likely than those with an initial rhythm of asystole or an-
other rhythm to undergo device insertion (adjusted odds ratio
[OR] 9.63, 95% confidence interval [CI] 1.31–71.50). Simi-
larly, patients with a normal cerebral performance score were
more likely than those with abnormal scores to undergo ICD
insertion (adjusted OR 12.52, 95% CI 1.74–92.12).

Interpretation: A minority of patients who survived cardiac arrest
underwent ICD insertion. It is unclear whether this low usage
rate reflects referral bias, selection bias by electrophysiologists,
supply constraint or patient preference.
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lowing information on each patient: clinical and demographic
characteristics, ambulance call reports, rhythm records, dispatch
reports and in-hospital records. A discharge assessment of dis-
ease-specific quality of life was represented by the cerebral per-
formance category (1 = good performance, 2 = moderate disabil-
ity, 3 = severe disability, 4 = coma or vegetative state, and 5 =
brain death).15

For our substudy, we linked OPALS data describing survivors
of cardiac arrest with data from all 7 ICD implantation centres in
Ontario to determine which of the OPALS cardiac arrest patients
ultimately received an ICD. The implantation centres were the
London Health Sciences Centre, the Toronto General Hospital,
St. Michael’s Hospital, Sunnybrook and Women’s College
Health Sciences Centre, the Hamilton Health Sciences Centre,
the Kingston General Hospital and the Ottawa Heart Institute.
The study design was approved by the Ottawa Hospital Research
Ethics Board and by ethics review boards at each participating in-
stitution with a waiver of informed consent.

We examined continuous variables by using Student’s t test
and categorical variables by using the χ2 test. The χ2 test for
trend was used where appropriate. Multivariate analysis was con-
ducted with logistic regression using a backward elimination
model. Factors considered in our analysis included age, sex, ini-
tial rhythm, whether or not the arrest was witnessed, cerebral

performance category at discharge, year of implant, community
size and number of practising cardiologists in each community.
These factors were chosen a priori to be included in the multi-
variate model. No information on comorbidities or other patient
factors were available for analysis. All reported confidence inter-
vals were using a 95% cutoff. All significance tests were 2-sided,
and a p value of less than 0.05 was chosen as the cutoff for achiev-
ing statistical significance.

Results

During the study period 8710 people experienced car-
diac arrest on whom resuscitation was attempted. Of these,
2396 (27.5%) were pronounced in the field, 1210 (13.9%)
survived to be admitted to hospital, and 454 (5.2%) sur-
vived to hospital discharge (Table 1). The mean age of
those who survived to hospital discharge was 65 (standard
deviation [SD] 14) years; 122 (26.9%) were women and
398 (87.7%) had a witnessed arrest. The majority pre-
sented with ventricular tachycardia or ventricular fibrilla-
tion (VT or VF).

The ICD implantation rate was 12.8% (58/454). The
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Table 1: Characteristics of patients who experienced out-of-hospital cardiac arrest and survived to hospital discharge

No. (%) of patients*

Characteristic
All

n = 454

Received
ICD

n = 58

Did not
receive ICD

n = 396 Crude OR (95% CI) Adjusted OR (95% CI)†

Mean age (SD), yr 65 (14) 60 (15) 64 (13)   0.99 (0.91–1.01)   0.98 (0.96–1.01)
Female, no. (%) 122 (26.9) 10 (17.2) 112 (28.3)   0.53 (0.26–1.08)   0.91 (0.43–1.95)
Witnessed arrest, no. (%) 398 (87.7) 47 (81.0) 351 (88.6)   0.55 (0.27–1.13)   0.86 (0.35–2.10)
Initial rhythm, no. (%)

VT or VF 372 (81.9) 57 (98.3) 315 (79.5) 13.64 (1.52–99.63)   9.63 (1.31–71.50)
Asystole or pulseless electrical
activity   76 (16.7) 0   (0)   76 (19.2) 1.00 1.00
Unknown     6   (1.3)   1  (1.7)     5  (1.3)

Cerebral performance category
at discharge, n (%)

1 335 (73.8) 51 (87.9) 284 (71.7)   4.91 (1.53–16.14) 12.52 (1.74–92.12)
2–5   86 (18.9)   3   (5.2)   82 (20.7) 1.00 1.00
Unknown   34   (7.5)   4   (6.9)   30   (7.6)

Year of arrest
1997–1998 183 (40.3) 25 (43.1) 158 (39.9)   0.99 (0.82–1.21)   0.97 (0.51–1.85)
1999–Apr 2002 271 (59.7) 33 (56.9) 238 (60.1) 1.00 1.00

No. of practising cardiologists
in the community

< 10 243 (53.5) 30 (51.7) 213 (53.8)   0.92 (0.66–1.28)   0.59 (0.28–1.29)

≥ 10 211 (46.5) 28 (48.3) 183 (46.2) 1.00 1.00
Community size

< 130 000 109 (24.0) 17 (29.3)   92 (23.2)   0.70 (0.49–1.03)   1.83 (0.83–3.99)

≥ 130 000 310 (68.3) 34 (58.6) 276 (69.7) 1.00 1.00
Unknown   35  (7.7)   7 (12.1)   28   (7.1)

Note: ICD = implantable cardioverter defibrillator, OR = odds ratio, CI = confidence interval, SD = standard deviation, VT = ventricular tachycardia, VF = ventricular fibrillation.
*Unless stated otherwise.
†Adjusted for age, sex, initial rhythm, whether arrest was witnessed, cerebral performance category at discharge, year of arrest, community size and number of practising cardiologists
in each community.



median time from cardiac arrest to ICD implantation was 3
weeks (range 1–203 weeks). There was no significant dif-
ference in age, sex or whether the arrest had been wit-
nessed between the patients who received an implant and
those who did not (Table 1).

Factors significantly associated with ICD insertion were
initial rhythm at time of arrest and neurological status (as
determined by the cerebral performance score) at dis-
charge. All but 1 of the 58 patients who received an im-
plant had an initial rhythm of VT or VF at the time of
their cardiac arrest, as compared with 79.5% (315/396) of
the patients who did not receive an implant (p < 0.001).
Overall, 335 (73.8%) of the patients had a cerebral perfor-
mance score of 1 (normal). The proportion of patients
with a normal score was higher in the ICD group than in
the group who did not receive an ICD (87.9% v. 71.7%,
p = 0.003). Three (5.2%) of the patients who received an
implant had a mildly abnormal neurological status; for 4
patients who received an implant the neurologic status was
unknown (Table 1).

The ICD insertion rate among survivors during 1997–
1998 was 11.5% (21/183), the highest rate occurring in
1997 (16.0% [15/94]) (Fig. 1). A trend toward an increased
insertion rate was observed over time (p = 0.14). There was
no association between community size (p = 0.06) or num-
ber of practising cardiologists in each community (p = 0.17)
and the likelihood of ICD insertion.

In the multivariate analysis, we found that 2 factors were
independently associated with ICD insertion: a rhythm of
VT or VF at the time of cardiac arrest (adjusted odds ratio
[OR] 9.63, 95% confidence interval [CI] 1.31–71.50) and a
normal neurological status at hospital discharge (adjusted
OR 12.52, 95% CI 1.74–92.12).

Interpretation

This study we found that, in selected communities in
Ontario, only a minority of such patients received an im-
plant, despite the strong evidence of its benefit in this high-
risk population. Patients with an initial rhythm of VT or
VF and those who had a normal neurological status after
resuscitation had an increased likelihood of undergoing
ICD insertion.

Previous studies showed low insertion rates among sur-
vivors of cardiac arrest,10,11 but they were higher than the
rate observed in this study. Ruskin and colleagues10 exam-
ined data from managed care and Medicare databases. After
adjustment for potential factors that might preclude ICD
insertion, they found an insertion rate of approximately
34%. Kliegel and associates11 reported an insertion rate of
16% in a single-centre study in Austria.

Unlike Kliegel and associates, we examined a large
prospective cohort in 19 urban and suburban communities
of Canada. The expected rate of ICD implantation among
survivors of out-of-hospital cardiac arrest is 40%–50%.16

We found the actual rate in our study to be much lower
(12.8%), which means that a significant proportion of this
patient population did not receive a proven and life-saving
therapy.

Several factors may explain our findings. The lack of
referral of patients to ICD implant centres may be a sig-
nificant factor. Many of the base hospitals in the OPALS
study had no onsite electrophysiologists. A direct relation
between utilization of services, particularly invasive pro-
cedures, and in-hospital availability of specialists has been
shown in other settings, such as the use of cardiac
catheterization after myocardial infarction.17 Patients may
not be referred to an ICD centre for assessment because
of lack of accessibility to tertiary care, lack of availability
of ICDs or a perceived supply constraint owing to cost.
For example the number of defibrillators available for im-
plantation is determined by an annual quota set by the
government.

Patient preference to forego ICD insertion may also
play a role. However, poor quality of life of survivors is un-
likely to explain the low implant rate, since it has been
shown that most survivors of cardiac arrest have acceptable
functional status18 and health-related quality of life.19–21

Finally, the low insertion rate may be attributed in part
to a lag in physicians learning about the effectiveness of
ICD implantation, since reports of clinical trials supporting
this therapy were first published in 1997.3–5 This explana-
tion is supported by our observation of a trend toward an
increase in ICD insertion in more recent years.

The primary limitation of our study is that we were un-
able to assess left ventricular function, the presence of co-
morbidities, or transient, reversible causes of cardiac arrest
that might preclude ICD insertion. Less than 50% of pa-
tients who experience cardiac arrest may have a transient,
reversible cause.22 However, it is unclear whether such pa-

ICD insertion rate in cardiac arrest survivors
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Fig. 1: Number of patients in 19 urban and nonurban commu-
nities in Ontario who experienced out-of-hospital cardiac ar-
rest and survived to hospital discharge and number who re-
ceived an implantable cardioverter defibrillator.
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tients are at low risk after their index event. Recent evi-
dence suggests that survivors of cardiac arrest with a re-
versible cause, such as ischemia, are at increased risk of fu-
ture arrests.1,23 In an analysis of such patients in the AVID
registry, the risk of future cardiac arrest among survivors
with a transient or reversible cause was as high as the risk
among those with primary VT or VF.24

The OPALS study did not include large urban centres
in Ontario and therefore may have missed a substantial
number of patients who survived cardiac arrest. However,
this omission would likely not affect the overall ICD inser-
tion rate that we observed, since ICD implants occur exclu-
sively at urban centres.

Conclusion

People who survive out-of-hospital cardiac arrest are at
high risk of recurrent arrest in the first year. We have shown
that the majority of these patients are not undergoing ICD
insertion despite their having a normal neurological status at
discharge from hospital and the procedure’s proven benefit.
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