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BACKGROUND: Heart failure is a condition associated with sig-
nificant mortality and morbidity. However, demographic features and
outcomes following hospitalization for heart failure, and associated
regional comparisons have not been performed in Canada.
METHODS: Anonymously rendered records of patients hospitalized
for incident heart failure in Canada were selected from the Canadian
Institute for Health Information discharge abstract and hospital mor-
bidity databases from fiscal years 1997/1998 to 1999/2000. The demo-
graphics, in-hospital mortality rate and heart failure readmission rates
were compared among provinces and health regions.
RESULTS: A total of 83,406 patients were hospitalized for heart
failure across Canada during the study period. The number of cases
increased dramatically with each decade after age 50 years, with
85% of hospitalized patients being age 65 years and over. On aver-
age, in-hospital mortality per index admission in Canada was
9.5 deaths per 100 hospitalized cases. While the greatest burden of
readmissions was among those 65 years of age and over, heart failure
readmission rates were similar across age groups. Among all patients
surviving the index admission, heart failure readmission rates were
8.7%, 14.1% and 23.6% at 30 days, 90 days and one year, respectively.
The highest age- and sex-adjusted in-hospital mortality rates were
11.9% (95% CI 10.6 to 13.2) in Newfoundland/Labrador and 11.6%
(95% CI 10.6 to 12.7) in Nova Scotia. The highest readmission rates
at one year were 26.9% (95% CI 24.9 to 28.9) in
Newfoundland/Labrador, 26.3% (95% CI 25.0 to 27.7) in
Saskatchewan and 25.2% (95% CI 24.3 to 26.1) in British Columbia.
There were significant regional variations in heart failure readmission
rates and mortality.
CONCLUSIONS: There is a great burden of heart failure in
Canada, increasing significantly with age. The mortality and read-
mission rates for this condition are high and exhibit variation among
health regions and provinces. Factors contributing to regional varia-
tions in these outcomes merit further study.
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L’insuffisance cardiaque : résultats régionaux
au Canada

CONTEXTE : L’insuffisance cardiaque (IC) est une maladie qui
s’accompagne d’une forte morbidité et d’une mortalité élevée. Toutefois,
il n’existe pas de registre de données démographiques et de résultats post-
hospitalisation pour de l’IC et, par le fait même, il est impossible de
procéder à des comparaisons de résultats entre les régions. 
MÉTHODE : Des dossiers dépersonnalisés de patients admis à l’hôpital
pour un épisode d’IC au Canada ont été sélectionnés à partir des bases de
données de l’Institut canadien d’information sur la santé sur les congés des
patients et la mortalité intrahospitalière pour les années financières de
1997-1998 à 1999-2000. Les données démographiques, les taux de
mortalité intrahospitalière et les taux de réadmission pour de l’IC ont fait
l’objet de comparaison entre les provinces ainsi qu’entre les régions
sanitaires.
RÉSULTATS : Au total, 83 406 patients ont été hospitalisés pour de l’IC
au Canada pendant la période à l’étude. Le nombre de cas a augmenté
énormément pour chaque tranche de 10 ans après l’âge de 50 ans; en fait,
85 % des patients hospitalisés étaient âgés de 65 ans et plus. La mortalité
intrahospitalière s’établissait en moyenne, à la première hospitalisation, à
9,5 morts par 100 patients hospitalisés. Même si c’est chez les patients de
65 ans et plus que le fardeau des réadmissions pesait le plus lourd, les taux
de réadmission, eux, étaient similaires dans tous les groupes d’âge. Parmi
les patients qui ont survécu au premier épisode ayant conduit à
l’hospitalisation, les taux de réadmission pour de l’IC étaient de 8,7 %,
14,1 % et 23,6 % au bout de 30 jours, 90 jours et 1 an respectivement. Les
taux les plus élevés de mortalité intrahospitalière, ajustés selon l’âge et le
sexe ont été enregistrés à Terre-Neuve-et-Labrador (11,9 %; IC à 95 % :
10,6 à 13,2) et en Nouvelle-Écosse (11,6 %; IC à 95 % : 10,6 à 12,7). Les
taux les plus élevés de réadmission au bout de un an ont été relevés à
Terre-Neuve-et-Labrador (26,9 %; IC à 95 % : 24,9 à 28,9), en
Saskatchewan (26,3 %; IC à 95 % : 25,0 à 27,7) et en Colombie-
Britannique (25,2 %; IC à 95 % : 24,3 à 26,1). Des écarts importants ont
été notés entre les régions pour ce qui est des taux de mortalité et de
réadmission.
CONCLUSION : L’insuffisance cardiaque impose un lourd tribut au
Canada, et celui-ci augmente sensiblement avec l’âge. L’analyse des
données fait état de taux élevés de mortalité et de réadmission liés à la
maladie et d’écarts importants entre les provinces, de même qu’entre les
régions sanitaires. Les facteurs à l’origine des écarts entre les régions
mériteraient de faire l’objet d’une recherche approfondie.

©2004 Pulsus Group Inc. All rights reserved

CCORT ATLAS PAPER



Heart failure is associated with significant morbidity, mor-
tality and health resource use (1-3). It is a growing public

health concern because the incidence of heart failure increases
with age, and the elderly are the most rapidly expanding demo-
graphic group (4,5). Despite this, variations in the outcomes of
contemporary heart failure patients across Canada have not
been well characterized.

Mortality rates in community-based heart failure patients
have been estimated in epidemiological studies, such as the
Framingham study (6), Rochester epidemiology project (5),
National Health and Nutrition Examination Survey (7), and
the Epidemiologie de l’Insuffisance Cardiaque Avancée en
Lorraine (8). Studies from the Institute for Clinical
Evaluative Sciences in Ontario have been consistent with
the above studies in finding that heart failure patients in
Ontario have a poor prognosis, with an average one-year
mortality rate of 33% (3). Other population-based research
conducted across Canada has demonstrated very poor prog-
nosis in heart failure patients (9-11). All of these studies
have uniformly demonstrated consistently higher mortality
rates when compared with controlled clinical trials of heart
failure (12,13).

Hospital readmission rates for heart failure in Canada are
also high. A recent study has shown that 50% of patients are
readmitted to hospital for any cause within one year (9). The
majority of readmissions may be due to recurrent heart fail-
ure; in one study, approximately 40% of patients were read-
mitted for this reason (11). Therefore, heart failure has
significant implications from the perspective of hospital
resource use. Although one prior study found that geographi-
cal factors may influence readmission patterns, there have
been no studies in Canada that explore regional variations in
this outcome measure (14). A description of regional varia-
tions and the underlying factors associated with the varia-
tions is important because a significant proportion of
readmissions may be preventable with improved discharge
planning, access to social support, multidisciplinary ambula-
tory medical care and enhanced compliance with therapeutic
regimens (15-17).

Because there is a paucity of regional population-based out-
comes data pertaining to heart failure in Canada, and varia-
tions in outcomes have been demonstrated for a number of
cardiovascular disease conditions (18-21), we hypothesized
that variations in heart failure outcomes would also exist
among and within provinces. Our objective was to conduct a
descriptive evaluation of the demographics and outcomes of
patients hospitalized for this condition across Canada.

METHODS
Data sources
Anonymously rendered records pertaining to incident hospital-
izations for heart failure across Canada were generated from the
Canadian Institute for Health Information (CIHI) discharge
abstract and hospital morbidity databases. Selection of records
was based on acute care hospital coding of the International
Classification of Diseases, 9th edition (ICD-9 [22]), code 428
between April 1, 1994, to March 31, 2000. Death during the
index hospitalization and readmissions were also based on these
CIHI data.

Cohort identification
An incident heart failure cohort was developed that combined
data for fiscal years 1997/1998 to 1999/2000 to provide stable esti-
mates of regional outcomes. A patient was considered an incident
heart failure case if there was no prior diagnosis of heart failure
(ICD-9 code 428) in any of the 16 diagnosis fields in the CIHI
database during the three years before the index admission. The
first hospital visit with a most responsible diagnosis of heart failure
during each fiscal year (1997/1998 through to 1999/2000), with-
out any diagnoses of heart failure in the previous three years, was
considered the index hospitalization. The total number of patients
in the incident cohort was used to determine in-hospital mortality,
while only those patients who were discharged alive were used to
calculate readmission rates. Each record in the readmission analy-
sis was followed for one year, until the last follow-up date of
March 31, 2001. Records were excluded if patients were aged less
than 20 years or greater than 105 years, were nonresidents of
Canada or were transferred from another acute care hospital.

Analysis of geographical regions
A geographical analysis was undertaken, stratified by province and
provincial health region according to definitions provided to
Statistics Canada for each province (23). Health region estimates
were based on the first three alphanumerics of the postal code
contained in the patient record. Because rates in small regions
could be unstable due to small numbers, regions with fewer than
50 incident heart failure patients were excluded to account for
potential instability of rate estimates. In addition, data from
health regions with only one hospital or one physician in the
region were excluded.

Descriptive analysis
The descriptive analysis included the age- and sex-specific distri-
bution of incident heart failure patients, using several age strata
among the elderly (20 to 49 years, 50 to 64 years, 65 to 74 years,
75 to 84 years, 85 to 89 years, and 90 years and over). Mortality
rates and hospital readmission rates for each province and health
region in Canada were age- and sex-adjusted with standardization
to the overall national average for all patients included in the
cohorts. Standardized mortality and readmission ratios were calcu-
lated by comparing provincial/regional rates with the rate for
Canada overall. Age- and sex-adjusted mortality rates were com-
pared with risk-adjusted mortality rates (adjusted for age, sex and
comorbidities, including cerebrovascular disease, peripheral vascu-
lar disease, dementia, chronic obstructive pulmonary disease,
renal disease, myocardial infarction and malignancy) in all
provinces except Quebec and Manitoba. Given the strong positive
linear correlation of age- and sex-adjusted mortality with risk-
adjusted mortality rates at the health region level (correlation
coefficient, r=0.918), only age- and sex-adjustment were per-
formed in regional comparisons to permit inclusion of Quebec and
Manitoba in the analysis (Appendix 1).

The study outcomes were age- and sex-adjusted in-hospital
mortality within the index hospitalization and age- and sex-
adjusted 30-day, 90-day and one-year readmission rates.
Cumulative time to readmission was determined as the time to
first readmission for heart failure from the separation date of the
index hospitalization. For patients who were transferred to another
acute care hospital, the discharge date was the separation date
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from the hospital to which the patient was transferred. Age- and
sex-adjusted mortality or readmission rates of provinces and
regions were compared with the national average, and χ2 tests
were performed to determine the statistically significant difference
between province- and region-specific rates and Canada overall
(24). To further explore contributors to the variation in outcomes,
sites across Canada with multidisciplinary heart failure services
affiliated with the Canadian Congestive Heart Failure Clinics
Network were identified. This analysis was limited to index hospi-
talizations occurring in 1999/2000 to coincide with the launch
year of the network. The presence of heart failure services was ver-
ified via telephone survey. The impact of discharge from a heart
failure clinic-affiliated hospital or region was evaluated using the
χ2 statistic. Multiple logistic regression analysis (25) was used to
evaluate the impact of heart failure services adjusting for age, sex
and comorbidities, categorized according to the Deyo-Charlson
comorbidity classification (26).

RESULTS
The distribution of newly admitted heart failure patients is
shown by age and sex category in Table 1. In Canada, there
were 83,406 index heart failure hospitalizations from
1997/1998 to 1999/2000, with an average of 27,802 new

admissions per year. The crude number of cases increased dra-
matically with each decade over age 50 years, and peaked in
the 75 to 84 year age group. The median length of hospital stay
across Canada was six days, ranging from a low of five days in
British Columbia and Ontario, to seven days in Prince Edward
Island, New Brunswick, Nova Scotia and Quebec.

Canada’s average annual in-hospital mortality rate during
the index hospitalization was 9.5 deaths per 100 hospitalized
patients. Mortality rates increased with advancing age, partic-
ularly in patients over age 65 years, and were highest in
patients 75 years of age and over (Table 2). When compared
with the Canadian average, the provinces with the lowest age-
and sex-adjusted in-hospital mortality rates were
Saskatchewan and Alberta, and the highest adjusted mortality
rates were in Newfoundland/Labrador, Nova Scotia and
Quebec, as shown in Table 3. The three health regions in
Canada with the highest age- and sex-adjusted mortality rates
during the index hospitalization were Health and Community
Services, St John’s Region, Newfoundland/Labrador (13.4%
[95% CI 10.9 to 16.0]); Région du Saguenay – Lac-Saint-Jean,
Quebec (13.3% [95% CI 10.8 to 15.9]); and Winnipeg,
Manitoba (13.3% [95% CI 12.1 to 14.6]). The regions with the
lowest age- and sex-adjusted in-hospital mortality rates were
Cariboo, British Columbia (1.8% [95% CI 0.0 to 6.2]);
Crossroads Regional Health Authority, Alberta (2.2%
[95% CI 0.0 to 7.1]); and North West, British Columbia (3.7%
[95% CI 0.0 to 8.6]). In-hospital mortality rates during the
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TABLE 1
Age and sex distribution of new heart failure cases:
Number of patients 20 years and over in Canada,
1997/1998 to 1999/2000, by province

Women (age [years])
Province 20-54 55-64 65-74 75-84 85-89 90+ Total
Alberta 135 242 622 1203 531 370 3103

BC 186 326 992 2062 986 600 5152

Manitoba 86 135 374 798 390 294 2077

New Brunswick 80 102 294 540 261 198 1475

NFL 40 90 230 402 127 71 960

Nova Scotia 48 107 290 620 303 203 1571

Ontario 670 1289 3548 6280 3012 2062 16,861

PEI 10 27 48 91 46 31 253

Quebec 338 673 1949 3410 1497 1008 8875

Saskatchewan 67 115 396 773 425 272 2048

All provinces 1660 3106 8743 16,179 7578 5109 42,375

Percentage 2.0 3.7 10.5 19.4 9.1 6.1

Men (age [years])
Province 20-54 55-64 65-74 75-84 85-89 90+ Total
Alberta 240 418 875 1114 332 186 3165

BC 288 522 1325 2007 691 287 5120

Manitoba 105 221 533 729 264 132 1984

New Brunswick 85 161 368 496 139 65 1314

NFL 64 112 282 379 103 43 983

Nova Scotia 84 176 365 528 162 65 1380

Ontario 1088 2014 4715 5719 1730 777 16,043

PEI 19 32 76 92 21 11 251

Quebec 588 1233 2768 2903 803 344 8639

Saskatchewan 100 220 540 841 303 148 2152

All provinces 2661 5109 11,847 14,808 4548 2058 41,031

Percentage 3.2 6.1 14.2 17.8 5.5 2.5

Data from the Canadian Institute for Health Information. BC British Columbia;
NFL Newfoundland/Labrador; PEI Prince Edward Island

TABLE 2
Age- and sex-specific in-hospital mortality rates per
100 heart failure admissions 20 years and over in Canada,
1997/1998 to 1999/2000

Women (age [years]) Men (age [years])
Mortality Total 20-49 50-64 65-74 75+ 20-49 50-64 65-74 75+
1997/1998 9.5 3.6 4.2 4.4 12.7 1.4 3.0 6.0 12.8

1998/1999 9.6 2.9 2.6 5.4 12.9 2.8 2.4 5.7 13.2

1999/2000 9.3 1.3 3.0 6.0 12.2 2.9 3.4 5.4 12.5

Total 9.5 2.6 3.3 5.3 12.6 2.4 2.9 5.7 12.8

Data from the Canadian Institute for Health Information

TABLE 3
Age- and sex-adjusted in-hospital mortality rates per
100 heart failure admissions 20 years and over by
province, 1997/1998 to 1999/2000

Crude rate Age- and sex-
Province Volume (%) adjusted rate (%) 95% CI
Alberta 6268 8.5 8.6* 7.9–9.3

British Columbia 10,272 9.8 9.5 8.9–10.0

Manitoba 4061 10.5 10.1 9.3–11.0

New Brunswick 2789 9.7 9.6 8.5–10.7

Newfoundland/Labrador 1943 11.6 11.9** 10.6–13.2

Nova Scotia 2951 12.0 11.6** 10.6–12.7

Ontario 32,904 9.1 9.2 8.9–9.5

Prince Edward Island 504 8.9 9.2 6.6–11.7

Quebec 17514 9.7 10.0** 9.6–10.4

Saskatchewan 4200 7.9 7.5* 6.6–8.3

All provinces 83,406 9.5

*Significantly lower than the national average; **Significantly higher than the
national average. Data from the Canadian Institute for Health Information



index hospitalization by health region in Canada are shown in
Figure 1.

Heart failure readmission rates in Canada at 30 days,
90 days and one year were 8.7, 14.1 and 23.6 per 100 cases,
respectively. As shown in Table 4, readmission rates by sex at
30 days were similar among the age groups, except for men
aged 20 to 49 years, who had higher readmission rates than
men of other ages (12.5% versus 8.9%; P<0.001). At 90 days,
the readmission rate for heart failure again tended to be high
for men aged 20 to 49 years (16.1% versus 14.4%; P=0.08).
Women aged 20 to 49 years had lower 90-day (11.0% versus
13.8%; P<0.05) and one-year (17.4% versus 23.2%; P<0.001)
readmission rates compared with women of other age groups.
Although the rates of readmission described above were high-
est in young men, it was evident from the readmission plot in
Figure 2 that the vast burden of readmissions among heart fail-
ure cases is in the elderly.

Provincial comparisons of heart failure readmission rates
are shown in Table 5. British Columbia and Manitoba had
30-day heart failure readmission rates that were significantly
higher than the Canadian average. The rates of readmission in
British Columbia and Manitoba were 20% and 15% higher,
respectively, than the Canadian average. The rate of 30-day
readmission in Quebec was significantly lower than the
national average. At 90 days, British Columbia, Manitoba and
Saskatchewan had readmission rates that were significantly
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Figure 1) Age- and sex-standardized in-hospital mortality rates per 100 incident congestive heart failure (CHF) patients, by health region (HR),
1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island
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Figure 2) Time to readmission among incident cases across Canada.
A Time to readmission plot for congestive heart failure (CHF) patients in
Canada by age group, 1997/1998 to 1999/2000. B Proportion of CHF
patients rehospitalized after hospital discharge by age group, 1997/1998 to
1999/2000
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Figure 4) Age- and sex-standardized 90-day readmission rates per 100 congestive heart failure (CHF) patients discharged alive, by health region
(HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

Figure 3) Age- and sex-standardized 30-day readmission rates per 100 congestive heart failure (CHF) patients discharged alive, by health region
(HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island



higher than the national average by 13%, 9% and 8%, respec-
tively. Quebec had significantly lower rates of readmission,
16% lower than the Canadian average at 90 days. At one year,
readmission rates remained high for British Columbia and

Saskatchewan, and were also high in Newfoundland/Labrador.
These provinces had rates that were 7%, 12% and 14% higher,
respectively, than the national average. The readmission rate
in Quebec remained significantly lower than the other
provinces, 10% lower than the national average.

Regional analysis revealed high age- and sex-adjusted rates
of hospital readmission for heart failure at 30 days in the
Keeweetinok Lakes Regional Health Authority, Alberta
(24.6% [95% CI 17.0 to 32.1]); Simon Fraser, British
Columbia (16.6% [95% CI 14.5 to 18.8]); and Huron Public
Health Unit, Ontario (16.4% [95% CI 12.9 to 20.0]). At
90 days, age- and sex-adjusted readmission rates were highest
in Keeweetinok Lakes Regional Health Authority, Alberta
(26.6% [95% CI 17.2 to 35.9]); Norman, Manitoba (25.3%
[95% CI 18.2 to 32.5]); and Huron Public Health Unit,
Ontario (21.8% [95% CI 17.4 to 26.1]).

At one year, high readmission rates occurred in Northern
Health Services Branch Service Area, Saskatchewan (43.5%
[95% CI 32.9 to 54.0]); Keeweetinok Lakes Regional Health
Authority, Alberta (41.8% [95% CI 30.3 to 53.2]); and
Norman, Manitoba (34.4% [95% CI 25.6 to 43.2]).

Low 30-day readmission rates were observed in Zone 3,
Nova Scotia (4.5% [95% CI 1.1 to 7.9]); Urban Health Region,
Newfoundland/Labrador (5.0% [95% CI 1.4 to 8.5]); and
Région de Laval, Quebec (5.0% [95% CI 2.9 to 7.0]). At
90 days, low readmission rates were observed in Rosetown
Service Area, Saskatchewan (8.7% [95% CI 4.4 to 13.0]);
Region 7, New Brunswick (8.8% [95% CI 4.3 to 13.3]); and
Région de Laval, Quebec (8.9% [95% CI 6.4 to 11.5]). At
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TABLE 4
Age- and sex-specific heart failure readmission rates per
100 heart failure discharges 20 years and over in Canada,
1997/1998 to 1999/2000
Fiscal Women (age [years]) Men (age [years])
year Total 20-49 50-64 65-74 75+ 20-49 50-64 65-74 75+
30-day readmission rate
1997/1998 8.8 7.9 9.6 7.4 8.4 12.1 9.2 8.7 9.4

1998/1999 8.6 8.9 8.3 8.4 8.2 11.2 8.9 9.6 8.4

1999/2000 8.7 7.7 9.3 8.5 8.5 14.3 9.0 8.6 8.7

Overall 8.7 8.1 9.1 8.1 8.4 12.5 9.0 9.0 8.8

90-day readmission rate
1997/1998 14.2 10.3 14.3 13.6 13.9 15.2 14.5 13.6 15.4

1998/1999 14.2 11.9 13.0 14.1 13.8 15.2 14.2 15.1 14.4

1999/2000 13.9 10.9 13.6 13.8 13.6 17.9 13.9 13.7 14.2

Overall 14.1 11.0 13.6 13.8 13.8 16.1 14.2 14.1 14.7

One-year readmission rate
1997/1998 24.1 16.8 23.9 23.1 23.2 23.8 23.2 24.5 26.3

1998/1999 23.8 19.6 22.9 23.6 23.1 21.4 23.9 25.4 24.4

1999/2000 22.8 16.1 21.3 22.9 23.3 23.1 21.6 22.4 23.4

Overall 23.6 17.4 22.7 23.2 23.2 22.8 22.9 24.2 24.7

Data from the Canadian Institute for Health Information

Figure 5) Age- and sex-standardized one-year readmission rates per 100 congestive heart failure (CHF) patients discharged alive, by health region
(HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island



one year, the lowest readmission rates were observed in
Rosetown Service Area, Saskatchewan (17.0% [95% CI 11.8 to
22.2]); Haldimand-Norfolk Public Health Unit, Ontario
(17.8% [95% CI 13.5 to 22.1]); and Région du Bas-Saint-
Laurent, Quebec (18.1% [95% CI 14.3 to 21.9]). Readmission
rates by region for 30 days, 90 days, and one year are shown in
Figures 3 to 5.

Patients discharged from a hospital affiliated with an out-
patient heart failure clinic had marginally lower crude rates of
heart failure readmission at 30 days (8.3% versus 8.8%;
P=0.48), 90 days (12.8% versus 13.9%; P=0.21) and one year
(21.0% versus 22.9%; P=0.07). However, after adjusting for
age, sex and comorbidities, there was a significantly lower risk
of readmission in patients discharged from heart failure clinic
hospitals, with odds ratios of 0.83 at 30 days (95% CI 0.68 to
1.00; P=0.055), 0.84 at 90 days (95% CI 0.72 to 0.99;
P=0.034) and 0.84 at one year (95% CI 0.74 to 0.96;
P=0.011). When regions with heart failure services were exam-
ined, there were similar patterns of lower crude readmission
rates compared with regions without these services: 8.0% versus
9.0% at 30 days (P=0.013), 13.0% versus 14.2% at 90 days
(P=0.015) and 21.8% versus 23.2% at one year (P=0.023).
Regions with heart failure clinics also had lower adjusted rates
of heart failure readmissions, with odds ratios of 0.79 at 30 days
(95% CI 0.71 to 0.89; P<0.001), 0.85 at 90 days (95% CI 0.78
to 0.93; P<0.001) and 0.89 at one year (95% CI 0.82 to 0.95;
P=0.001). Although there were beneficial effects on hospital-
ization, hospitals associated with heart failure clinics were not
associated with in-hospital mortality benefits on both crude
and adjusted analyses.

DISCUSSION
Our findings confirm previous reports that heart failure is a
condition with great public health and health care resource
implications (1,9-11,27). We found that the rates of hospital
readmission for heart failure were high following the initial hos-
pitalization. Among patients who survived to hospital discharge,
24% were readmitted for heart failure within one year. The over-
all average death rate within the index episode was 9.5% in this
national cohort of incident cases. The demographic pattern of
heart failure in Canada suggests accelerated growth of new

hospitalized cases over the age of 50 years. The rapid increase
in incidence of this condition with advancing age and the
demographics of the aging Canadian population add to previ-
ous warnings that an epidemic of heart failure should be antic-
ipated (1,2,9,28).

In Canada, the number of readmissions was greatest among
older age groups, which underscores that the burden of heart
failure is disproportionately borne by the elderly. However,
when we examined the proportion of patients readmitted over
time, the pattern was similar across all age groups. This suggests
that vigilance is necessary to prevent subsequent readmission
regardless of age. Furthermore, the high rate of hospital readmis-
sions among patients who had an initial index hospitalization
for heart failure suggests that the burden on institution-based
care will be significant. There was also evidence of inter- and
intraprovincial variation in outcomes. Several health regions
had heart failure readmission rates that were significantly
higher than the national average at one or more time points of
interest. Other regions had high rate ratios that did not reach
statistical significance, which might be attributed to small
numbers of persons in these regions.

The root sources of variation in readmission rates requires
more detailed examination because a significant proportion of
heart failure readmissions may be preventable (15,29). Several
provinces had high readmission rates at various times postdis-
charge, but British Columbia had readmission rates that were
higher than the national average at all times up to one year of
follow-up. In contrast, Quebec had the lowest readmission
rates at all times up to one year of follow-up. We examined
whether this variation could at least partly be explained by
patients with multiple admissions (30) because in our analysis
only the time to first hospitalization event was considered.
When multiple admissions per patient were included in the
analysis, the readmission rates exhibited even greater differ-
ences (data not shown). Thus, despite the intentionally con-
servative nature of our analysis, there were still significant
regional differences in outcome.

Although regions may differ in age and sex distribution, this
did not explain the observed regional or provincial variations
in readmission rates because we adjusted for these effects in
comparative analyses. Potential factors influencing variations
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TABLE 5
Age- and sex-adjusted 30-day, 90-day and one-year heart failure readmission rates per 100 discharges among hospital
survivors 20 years and over by province, 1997/1998 to 1999/2000

30-day readmission 90-day readmission One-year readmission
Province Volume Readmission rate 95% CI Readmission rate 95% CI Readmission rate 95% CI
Alberta 5734 9.4 8.6–10.1 14.6 13.7–15.5 23.9 22.8–25.0

British Columbia 9261 10.4** 9.9–11.0 15.9** 15.2–16.6 25.2** 24.3–26.1

Manitoba 3636 10.0** 9.1–10.9 15.4** 14.3–16.5 24.4 23.0–25.8

New Brunswick 2520 8.6 7.5–9.7 14.0 12.6–15.3 23.3 21.6–24.9

Newfoundland/Labrador 1717 9.2 7.9–10.5 15.5 13.8–17.1 26.9** 24.9–28.9

Nova Scotia 2598 8.8 7.7–9.9 14.7 13.4–16.1 24.5 22.9–26.1

Ontario 29,898 8.9 8.6–9.3 14.3 13.9–14.7 23.6 23.1–24.1

Prince Edward Island 459 8.5 5.9–11.1 14.4 11.2–17.6 24.0 20.1–27.9

Quebec 15,813 6.5* 6.0–6.9 11.8* 11.2–12.3 21.2* 20.5–21.8

Saskatchewan 3871 9.2 8.3–10.1 15.2** 14.1–16.3 26.3** 25.0–27.7

All provinces 75,507 8.7 14.1 23.6

*Significantly lower than the national average; **Significantly higher than the national average. Data from the Canadian Institute for Health Information



in outcomes may include patient characteristics and processes
of care during the index hospitalization, which may vary geo-
graphically (14,16,31,32). For example, readmissions among
heart failure patients may be associated with reduced quality of
care in the perihospital discharge period (33,34). Randomized
trials and observational studies have demonstrated beneficial
effects of multidisciplinary care in reducing hospitalizations
(16,17,35). A number of hospitals across Canada had associated
heart failure services that provided the aforementioned multi-
disciplinary care. The hospitals associated with these clinics
had significantly lower rates of heart failure readmission up to
one year after index hospital discharge. Although our analysis
examined associations and not causation, there is an intriguing
possibility that the impact of heart failure clinics may extend
beyond that of the local institution to the surrounding region
that it serves because regional readmission patterns tracked the
lower rates of readmission at specific heart failure service insti-
tutions. This association suggests that timely access to special-
ized health services, close follow-up after hospital discharge
and compliance with treatment regimens may play a role in
preventing future hospitalizations.

There were fewer, but still significant, variations in mortality
rates, with high age- and sex-adjusted in-hospital mortality
rates demonstrated in some regions and provinces in Canada
during the index hospitalization. At the provincial level, we
observed a significantly lower in-hospital mortality rate in
Saskatchewan but higher readmission rates up to one year,
when compared with the national average. A linkage between
mortality and readmission was suggested because improved sur-
vival to hospital discharge may contribute to higher readmis-
sion rates observed up to one year by survivor selection bias
(36). This linkage may have implications for the future care of
heart failure patients because improvements in hospital mor-
tality rates over time might result in an excess of subsequent
hospitalizations and increased need for institutional resources.
Although observed geographical differences may reflect differ-
ences in diagnostic and therapeutic practice patterns, physician-
level variables, hospital policies, or patient- and system-related
factors that affect health care-seeking behaviour, the variations
in rates of readmission and death among health regions remain
largely unexplained. Further study of high mortality regions
may be needed to explore factors that contribute to adverse
outcomes.

Health regions with high mortality and readmission rates
may wish to pursue initiatives that may improve their outcomes.
An inventory of processes of care may identify opportunities to
improve the use of therapies that have been shown to reduce
hospitalization rates, including angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers and beta-
blockers (37). In-hospital mortality rates could be monitored
and potentially improved by triaging higher risk individuals to
higher acuity units (38). Additionally, the measurement of
quality indicator adherence may identify facets of care that
could result in improved outcomes (37). Several studies have
shown that heart failure clinics reduce heart failure readmis-
sion, and our study confirmed that regions in close proximity
to such clinics are associated with lower readmission rates.
Greater vigilance in outpatient care may therefore reduce the
number of preventable hospitalizations.

There are several noteworthy caveats in the interpretation
of these results. Readmission after an index heart failure
admission may be planned (eg, for elective procedures) or
unplanned, but we could not distinguish the specific indica-
tion for heart failure hospitalization. However, when we
excluded elective hospitalizations from our analysis, the read-
mission rates did not change significantly. Additionally, the
rates of readmission in the high outlier regions ranged from
29% to 153% over the Canadian average, and hence are
unlikely to be explained by an excess of elective hospital
admissions. Although data on complications were not avail-
able for two provinces (Manitoba, Quebec), the effect on the
overall results is likely to be minor because exclusion based on
complications censored only a relatively small fraction of all
patients. Similarly, the two provinces were excluded from
exploratory analyses requiring comorbidities. Due to data limita-
tions, comprehensive information on out-of-hospital mortality
was not available; thus, only mortality rates within the index
episode were reported. As a result, the reported rates of hospital-
ization may be underestimated because we could not account for
patient attrition due to death after hospital discharge. Finally,
we were unable to follow records across provincial boundaries to
obtain outcomes that occurred out-of-province.

CONCLUSIONS
In conclusion, our findings suggest that the burden of heart
failure is high, and as the proportion of elderly in the popula-
tion increases, the future implications for our health care sys-
tem will be great. There were demonstrable variations in the
rates of in-hospital death and readmission after the index hos-
pital admission across the provinces and regions of Canada.
The causes of these variations merit further study because
there may be associated disparities in the patterns of health
care provided or differential access to care in regions with high
adverse event rates. Further understanding of factors associated
with variations in outcomes may also identify strategies to
reduce the occurrence of preventable deaths and readmissions
for heart failure.

APPENDIX 1: Correlation between age/sex-adjusted mortality
and risk-adjusted mortality rate (adjusted for age, sex, prior
myocardial infarction, cerebrovascular disease, peripheral vascular
disease, dementia, chronic obstructive pulmonary disease, renal
disease and malignancy) for heart failure patients at the health
region level in Canada between 1997/1998 and 1999/2000

Parts of this material are based on data and information provided by
the Canadian Institute for Health Information. However, the analy-
ses, conclusions, opinions and statements expressed herein are those
of the authors and not necessarily those of the Canadian Institute for
Health Information.
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