
The burden of heart failure is substantial, accounting for
106 130 related hospital admissions and 1.38 million
days in hospital in 2001 in Canada.1 In the United States

it accounted for 1.09 million related hospital admissions in 2003.2

One of the new management options, implantable cardioverter
defibrillators have been shown to be beneficial in study popula-
tions of patients with heart failure and a low ejection fraction.
However, trials often exclude older patients and patients with
clinically significant comorbidities. It is unclear how the benefit
of preventing sudden cardiac death would translate to the com-
munity setting, where patients with heart failure are typically
older and have more comorbidities than patients in clinical trials.

Having repeated admissions to hospital because of heart
failure has been shown to be a predictor of death.3 However,
death in patients with heart failure can be due to sudden cardiac
arrest, terminal pump failure or a comorbid condition. The po-
tential contribution of preventing sudden death to the survival
of patients in the community with repeated hospital admissions
because of heart failure has not previously been studied.

We conducted a study in a large regional population to as-
sess the maximum potential benefit of preventing sudden
death with implantable defibrillators in terms of overall sur-
vival in relation to the number of hospital admissions because
of heart failure. We also examined the causes of death and
identified subgroups of patients who might benefit the most
from implantable defibrillators.

Methods

Data sources and study population
We used data for the period 1996–2006 obtained from health
care utilization databases that contain basic demographic infor-
mation as well as discharge abstracts, outpatient diagnoses,
procedure codes and drug-dispensing data for residents in the
province of British Columbia, Canada. These data sources have
been shown to have high levels of coding accuracy.4 The dis-
charge abstract provided up to 25 fields for diagnoses and 10
fields for procedures that were relevant during hospital stays.
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Background: Implantable defibrillators are recommended
for the prevention of sudden cardiac death in patients
with heart failure. However, criteria to identify those who
would benefit most from this therapy are lacking. We as-
sessed the maximum potential benefit of preventing sud-
den death in patients with repeated hospital admissions
because of heart failure.

Methods: Using a cohort assembled from an administra-
tive database, we identified 14 374 patients admitted to
hospital for the first time because of heart failure be-
tween Jan. 1, 2000, and Dec. 31, 2004. We followed sub-
sequent admissions related to heart failure as well as
mortality and causes of death to Mar. 31, 2006. We re-
garded all out-of-hospital cardiac deaths as sudden
deaths. We calculated the maximum potential benefit of
preventing sudden death by subtracting the observed
survival after each hospital admission from the hypothet-
ical survival whereby all out-of-hospital cardiac deaths
were assumed to be preventable.

Results: The mean age of the cohort was 77 years, 45%
were women, 11% had cerebrovascular disease, and 21%
had chronic kidney disease. Out-of-hospital cardiac deaths
constituted 13.7% (1226/8967) of all deaths during 32 055
person-years of follow-up. The median survival declined
with each subsequent hospital admission related to heart
failure. The hypothetical prevention of all out-of-hospital
deaths prolonged life by 0.63 (95% confidence interval [CI]
0.49 to 0.77) years after the first hospital admission. This
potential benefit dropped to 0.28 (95% CI 0.10 to 0.46)
years after 3 hospital admissions related to heart failure.
Among patients less than 65 years old, and older patients
without kidney disease, dementia or cancer, more than
50% survived longer than 2 years until they had 2 or 3
hospital admissions related to heart failure.

Interpretation: The use of implantable defibrillators to pre-
vent sudden death would provide limited benefit among
older patients with comorbidities and among patients with
multiple hospital admissions related to heart failure.
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Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/180/6/611/DC1
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We assembled a cohort of all patients who were admitted
to hospital for the first time because of heart failure between
Jan. 1, 2000, and Dec. 31, 2004. We included admissions that
had heart failure as the primary discharge diagnosis (Interna-
tional Classification of Diseases, ninth revision, clinical mod-
ification [ICD-9-CM] code 428). This diagnostic code or the
corresponding ICD-10 code has previously been shown to
have a positive predictive value of 94% for heart failure using
the Framingham criteria.5 Patients who had been admitted to
hospital with heart failure within the 4 years before the index
admission were excluded.

For patients included in the study, we assessed their char-

acteristics and comorbidities during the 4 years before the
index admission. The comorbid conditions included a his-
tory of myocardial infarction, other ischemic heart disease,
cerebrovascular disease, atrial fibrillation, cardiac arrest or
ventricular arrhythmia, hypertension, diabetes mellitus,
chronic kidney disease, chronic pulmonary disease, cancer,
rheumatoid arthritis and dementia. These conditions were
defined by the presence of corresponding ICD-9-CM or
ICD-10 diagnostic codes in hospital discharge abstracts or
outpatient files, or both. Many of the definitions used have
been previously validated.6–10 The definition of myocardial
infarction has been validated by means of medical chart re-
view to have a positive predictive value of 94%.8 We used a
definition of chronic kidney disease previously shown to
have a positive predictive value of 94% compared with an
estimated glomerular filtration rate of less than 60 mL/min
per 1.73 m2.9 Cardiac arrest or ventricular arrhythmia was
defined by ICD-9-CM or ICD-10 codes in hospital dis-
charge abstracts previously shown to have a positive predic-
tive value of 82%.10

The institutional review boards of the Brigham and
Women’s Hospital and the University of Victoria approved
the study design; data-use agreements were established. All
potentially traceable personal identifiers were removed from
the data before analyses to protect patients’ privacy.

Causes and sites of death
All patients were followed until they died or until the end of
the study period (Mar. 31, 2006). To characterize survival af-
ter each hospital admission related to heart failure, we esti-
mated mortality after the first admission by using the survival
time from the index admission until death or the end of fol-
low-up. For subsequent hospital admissions related to heart
failure, we estimated the mortality after each admission by
using the survival time from that admission until death or the
end of follow-up.

We obtained information on causes of death from death
certificates. We categorized the causes into 4 main groups: in-
hospital cardiac death, in-hospital noncardiac death, out-of-
hospital cardiac death and out-of-hospital noncardiac death.
We defined all out-of-hospital cardiac deaths as sudden
deaths outside of acute care hospitals that had cardiac disease
recorded as the underlying cause of death.11

We assessed the site of residence of patients at the time
of out-of-hospital cardiac death by identifying any use of
long-term care benefits. We categorized the site of residence
as home, independent living; home, with home or daycare
support; residential nursing home; or hospice. We used the
claims information on admissions to acute care hospitals
and uses of long-term care services to determine the place of
death and site of residence. The information is used for pay-
ment and has been shown to be highly accurate.12

Benefit of preventing sudden death
We calculated the maximum potential benefit of preventing
sudden death as the difference between the hypothetical sur-
vival if there were no out-of-hospital cardiac deaths and the
observed median survival. We did the same calculation after
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Table 1: Characteristics of patients at their first hospital 
admission because of heart failure 

Characteristic 
No. (%) of patients*

n = 14 374 

Age, yr  

Mean (SD) 77.1 (12.0) 

< 55 712 (5.0) 

55–64 1 212 (8.4) 

65–74 2 880 (20.0) 

75–84 5 472 (38.1) 

≥ 85 4 098 (28.5) 

Sex  

Male 7 833 (54.5) 

Female 6 541 (45.5) 

Prior hospital admission  

For any reason 11 482 (79.9) 

Because of cardiovascular event other 
than heart failure 

7 211 (50.2) 

Comorbidity  

Myocardial infarction 2 550 (17.7) 

Ischemic heart disease 6 773 (47.1) 

Cerebrovascular disease 1 644 (11.4) 

Atrial fibrillation or flutter 5 232 (36.4) 

Ventricular tachycardia, ventricular 
fibrillation or cardiac arrest 

328 (2.3) 

Hypertension 10 183 (70.8) 

Diabetes mellitus 5 150 (35.8) 

Cancer 1 273 (8.9) 

Chronic kidney disease  

No dialysis 2 975 (20.7) 

Dialysis 289 (2.0) 

Chronic pulmonary disease 3 421 (23.8) 

Rheumatoid arthritis 215 (1.5) 

Dementia 886 (6.2) 

Treatment  

Defibrillator implantation 65 (0.5) 

Any pacemaker implantation 1 061 (7.4) 

Note: SD = standard deviation. 
*Unless stated otherwise. 



each hospital admission related to heart failure. We assumed
that all out-of-hospital cardiac deaths were sudden arrhythmic
events that are potentially preventable. Although many causes
of out-of-hospital cardiac death are not preventable, we used
this definition to provide the outside boundary for the poten-
tial impact of preventing sudden death.

Statistical analysis
For the observed survival, we conducted Kaplan–Meier sur-
vival analyses and plotted mortality curves after each hospital
admission. For the hypothetical survival, under the assumption
of complete prevention of sudden death with the use of im-
plantable defibrillators, we censored all out-of-hospital cardiac
deaths and plotted Kaplan–Meier curves after each hospital
admission related to heart failure. We assessed the potential
maximum benefit by calculating the difference between the
hypothetical survival and the observed median survivals. We
used a bootstrap method to estimate the variance and 95%
confidence limit (CI) of the difference in median survival be-
tween the hypothetical and observed rates. Consistent with the
bootstrap principle, we replicated the data-generation process
by randomly sampling patients with replacement from the
original cohort. In each bootstrap sample, we estimated the
observed and hypothetical median survival rates using
Kaplan–Meier analysis and calculated the difference between
the rates after each hospital admission. We repeated the
process 1000 times to estimate the variance and 95% CIs of
the estimated survival difference.

We identified subgroups of patients who would likely ben-
efit the most from the prevention of sudden death. We did this
by estimating a hypothetical 2-year survival rate in each sub-

group characterized by age and presence of comorbidities that
are strong predictors of sudden death or overall mortality,
such as advanced age, kidney disease, cancer and dementia.3

We chose a 2-year timeframe because randomized trials have
shown that the survival benefit of implantable defibrillators
became apparent only about 1–1.5 years after implantation.13,14

We used a bootstrap method to estimate the 95% CI of the 2-
year survival rates.

Results

Study population
We identified a cohort of 14 374 patients who were admitted
to hospital for the first time because of heart failure between
Jan. 1, 2000, and Dec. 31, 2004. Characteristics of the study
population are summarized in Table 1. The mean age of the
cohort was 77 years. Patients had a high prevalence of comor-
bid conditions, including other cardiovascular diseases, dia-
betes, chronic pulmonary disease and chronic kidney disease.
The mean length of follow-up was 2.2 (standard deviation
1.8) years.

Of the 14 374 patients, 4303 had two, 1681 had three,
and 713 had four hospital admissions because of heart fail-
ure during the study period. The median number of days
between admissions was 160 (interquartile range 39–516)
between the first and second, 96 (interquartile range
29–291) between the second and third, and 62 (interquartile
range 23–230) between the third and fourth admissions.
The prevalence of major comorbidities increased with the
increasing number of admissions because of heart failure
(Table 2).
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Table 2: Change in selected characteristics of the study population after each hospital admission because of heart failure 

 Hospital admission; no. (%) of patients* 

Characteristic 
First 

n = 14 374   
Second 

n = 4 303 
Third 

n = 1 681 
Fourth 
n = 713 

Age, yr, mean (SD) 77.1 (12.0) 78.9 (11.2) 79.4 (11.1) 79.8 (10.6) 

Sex, male 7 833 (54.5) 2 320 (53.9) 877 (52.2) 352 (49.4) 

Myocardial infarction  2 550 (17.7) 984 (22.9) 478 (28.4) 215 (30.2) 

Ischemic heart disease 6 773 (47.1) 2 124 (49.4) 1 012 (60.2) 460 (64.5) 

Cerebrovascular disease  1 644 (11.4) 544 (12.6) 240 (14.3) 110 (15.4) 

Atrial fibrillation or flutter 5 232 (36.4) 1 792 (41.6) 801 (47.7) 388 (54.4) 

Ventricular tachycardia, ventricular 
fibrillation or cardiac arrest 

328 (2.3) 130 (3.0) 67 (4.0) 38 (5.3) 

Chronic kidney disease      

No dialysis 2 975 (20.7) 1 266 (29.4) 693 (41.2) 353 (49.5) 

Dialysis 289 (2.0) 97 (2.3) 42 (2.5) 21 (2.9) 

Chronic pulmonary disease 3 421 (23.8) 1 212 (28.2) 624 (37.1) 333 (46.7) 

Dementia 886 (6.2) 208 (4.8) 107 (6.4) 50 (7.0) 

Defibrillator implantation 65 (0.5) 30 (0.7) 19 (1.1) 11 (1.5) 

Any pacemaker implantation 1 061 (7.4) 472 (11.0) 247 (14.7) 117 (16.4) 

Note: SD = standard deviation. 
*Unless stated otherwise. 



Causes and sites of death
A total of 8967 patients died during a mean follow-up of 2.2
years. The distribution of the causes is shown in Table 3.
There were 1226 (13.7%) out-of-hospital cardiac deaths. Of
these deaths, most involved patients in residential nursing
homes (44.3%) and those living independently at home
(42.8%); a small proportion (12.1%) were receiving some
kind of home or daycare support at home.

Effect of preventing sudden death on survival
The median survival declined sharply after repeated hospital
admissions, even when we assumed that all out-of-hospital
cardiac deaths were preventable (see Appendix 1, available at
www.cmaj.ca/cgi/content/full/180/6/611/DC2). The maxi-
mum potential benefit from the prevention of sudden death
was about 0.63 (95% CI 0.49 to 0.77) years after the first hos-
pital admission (Figure 1). The difference between observed
survival and hypothetical survival diminished progressively
after each subsequent admission, from 0.37 (95% CI 0.20 to

0.55) years after 2 hospital admissions, to 0.28 (95% CI 0.10
to 0.46) years after 3 admissions, to 0.20 (95% CI –0.04 to
0.45) years after 4 admissions. When we conducted a sensi-
tivity analysis in which we excluded 65 patients who had im-
plantable defibrillators at baseline and censored upon implan-
tation 119 patients who subsequently received implantable
defibrillators during follow-up, we found similar results to
those of the main analysis: 0.63 after the first admission, 0.37
after the second, 0.27 after the third and 0.22 after the fourth.

Table 4 shows the observed and hypothetical 2-year survival
rates after each subsequent hospital admission in each subgroup
of patients defined by age and the presence of kidney disease,
dementia or cancer. We found that, among patients less than 65
years of age, more than 50% survived more than 2 years regard-
less of kidney function until they had 2 or 3 hospital admissions
related to heart failure. Patients aged 65–80 years who were free
of kidney disease or dementia also had a good prognosis, even
after repeated hospital admissions, compared with those who
had these comorbidities. Patients aged 80–90 who did not have
kidney disease, dementia or cancer had a good prognosis at the
time of their first hospital admission but not after subsequent ad-
missions. Patients over 90 years old had a poor prognosis re-
gardless of the presence of other comorbidities.

Interpretation

In this study, we noted that the contribution of out-of-hospital
cardiac deaths to the overall survival was small, especially
among patients living independently. The overall mortality
among patients with repeated hospital admissions related to
heart failure would have remained high even if all out-of-
hospital cardiac deaths were prevented with the use of im-
plantable defibrillators. This lack of benefit would be more
pronounced among patients of advanced age who have co-
morbid illnesses that decrease overall survival and who have
had multiple hospital admissions because of heart failure. As
a corollary, patients less than 65 years of age, and older pa-
tients without kidney disease, dementia or cancer would be
most likely to benefit from the use of an implantable defibril-
lator to prevent sudden death.
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Fourth (n = 713)

Third (n = 1681)

Second (n = 4303)

First (n =14 374)

Difference in survival, years
–0.2 0.0 0.2 0.4 0.6 0.8

Hospital admission
Increased
benefit

Decreased
benefitObserved

Median survival (95% CI), yr

Difference

0.20 (–0.04 to 0.45)

0.28 (0.10 to 0.46)

0.37 (0.20 to 0.55)

0.63 (0.49 to 0.77)

0.71 (0.55 to 0.87)

0.99 (0.89 to 1.09)

1.34 (1.23 to 1.44)

2.33 (2.25 to 2.40)

Hypothetical

0.91 (0.72 to 1.10)

1.27 (1.12 to 1.42)

1.71 (1.57 to 1.85)

2.96 (2.84 to 3.08)

Figure 1: The maximum potential benefit of preventing sudden death with the use of implantable defibrillators among patients ad-
mitted to hospital because of heart failure. The values shown represent the difference between the observed survival after each hospi-
tal admission and the hypothetical survival whereby all out-of-hospital cardiac deaths were assumed to be preventable.

Table 3: Causes and sites of death among patients admitted 
to hospital with heart failure 

Site; cause of death 
No. (%) of deaths 

n = 8967 

In hospital    

Noncardiac death 3400 (37.9) 

Cardiac death 2355 (26.3) 

Out of hospital  

Noncardiac death 1986 (22.1) 

Cardiac death* 1226 (13.7) 

Residential nursing home 543 (6.1) 

Home, independent living 525 (5.9) 

Home, with home or daycare 
support 

148 (1.7) 

Hospice 10 (0.1) 

*Defined as death occurring out of acute care hospital with the underlying 
cause of death reported as cardiac disease. 



In contrast to our observations, information from the US
National Cardiovascular Data Registry for 2006–2007 indi-
cates that implantable defibrillators are frequently implanted
in older patients with heart failure: 61% of patients were 65
years or older, and 15% were 80 years or older.15 Prior hospi-
tal admission because of heart failure was reported in 58% of
patients, and noncardiac comorbidities were common.15

Compared with patients in clinical trials of heart fail-
ure,16–18 our study population had a substantially lower inci-
dence of cardiac deaths overall and out-of-hospital cardiac
deaths in particular. However, patients enrolled in clinical tri-
als tend to be younger and to have fewer comorbidities than
the general population of patients with heart failure encoun-
tered in the community. Increasing age has previously been
associated with a decreased risk of sudden cardiac death,19

and having more comorbidities increases the risk of death
from noncardiac causes.

In a study population similar to ours, Khand and col-
leagues20 identified 12 640 patients in Scotland who had a
first admission to hospital because of heart failure and a mean
age of 74 years. They found that 50% of the patients who sur-
vived after the first admission died over a 3-year follow-up
period and that 43% of these deaths occurred out of hospital.
These findings are similar to our results. The impact of age on
the potential cost-effectiveness of preventing sudden death
was also modelled by Yao and colleagues.21 Although they
based their analysis on data from the Cardiac Resynchroniza-
tion in Heart Failure (CARE-HF) trial, in which patients re-
ceived resynchronization therapy, similar conclusions can be
derived regarding the diminishing impact of the prevention of
sudden death among older patients.

Limitations
Our study has several limitations. First, our definition of out-
of-hospital cardiac deaths included causes of death in addition
to sudden cardiac death. Using this definition we may have
overestimated the survival benefit with implantable defibrilla-

tors. Second, there are obvious competing risks, especially in
older patients, that we did not account for in our analysis.
Third, studies have shown that, among patients with sympto-
matic heart failure, implantable defibrillators prevent only
about half of all sudden cardiac deaths.22 Fourth, we relied on
nosologist-coded causes of death to identify out-of-hospital
cardiac deaths. Although such coding has good agreement
with physician-adjudicated causes in major categories (e.g.,
cardiac v. noncardiac),23 this method of identifying cardiac
deaths could be by exclusion of other obvious causes such as
motor vehicle crashes and bleeding and tend to include more
than cardiac causes, which may have led to further overesti-
mation of the benefit. Finally, our data did not allow distinc-
tion between heart failure due to systolic dysfunction and
heart failure with preserved left ventricular function. It has
been estimated that the incidence of sudden cardiac death is
almost 3 times higher among patients with systolic dysfunc-
tion than among patients with heart failure who have a pre-
served ejection fraction.24 Therefore, an optimistic upper
boundary of the estimated benefit among patients with sys-
tolic dysfunction would be 1.5 times that observed in the
overall population of patients with heart failure, half of whom
have systolic dysfunction.25–27 However, the maximum poten-
tial benefit of preventing sudden death would still be less than
6 months after 2 hospital admissions and 5 months after 3
hospital admissions.

Given the multiple limitations in any such analysis of a
large population outside of a clinical trial, our study provides
a liberal estimate of the limited potential benefit of preventing
sudden death among patients with heart failure in the general
community.

Conclusion
Our analysis indicates that the maximum potential benefit of
preventing sudden death is limited in patients with repeated
hospital admissions related to heart failure. This is particu-
larly true among older patients and among patients with co-
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Table 4: Hypothetical* 2-year survival rates in subgroups defined by age, chronic kidney disease, cancer and dementia† 

 
Hospital admission; 

hypothetical 2-year survival rate, % (95% CI) 

Subgroup First Second Third Fourth 

Age < 65 yr     

Without chronic kidney disease (n = 1491) 84 (82–86) 70 (65–76) 62 (52–73) 51 (33–70) 

With chronic kidney disease (n = 433) 66 (61–70) 50 (41–58) 48 (37–59) 32 (16–47) 

Age 65–80 yr     

Without chronic kidney disease or dementia (n = 3927) 69 (68–71) 58 (55–62) 49 (43–55) 41 (31–51) 

With chronic kidney disease or dementia (n = 1474) 50 (48–53) 41 (37–45) 34 (29–40) 30 (22–38) 

Age 80–90 yr     

Without chronic kidney disease, dementia or cancer (n = 3812) 53 (52–55) 43 (40–46) 36 (31–41) 31 (23–40) 

With chronic kidney disease, dementia or cancer (n = 2095) 35 (33–37) 29 (25–32) 28 (23–33) 31 (24–38) 

Age > 90 yr (n = 1142) 34 (31–37) 31 (26–36) 31 (22–41) 24 (10–38) 

Note: CI = confidence interval. 
*Survival rate based on the assumption that all out-of-hospital cardiac deaths could have been prevented. 
†Subgroups are defined according to characteristics that are strong predictors of sudden death or overall death among patients with heart failure. 



morbidities. However, patients less than 65 years old as well
as older patients without kidney disease, dementia or cancer
are most likely to benefit from the prevention of sudden death
with the use of implantable defibrillators.
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