Canadian Cardiovascular Outcomes Research Team
www.ccort.ca

Canadian
Cardiovascular Atlas
A Collection of Original Research Papers Published in
The Canadian Journal of Cardiology

Editors:
Dr Jack V Tu
Dr William A Ghali
Dr Louise Pilote
Dr Susan Brien

Funded by:

CCORT coordinating centre

Canadian Cardiovascular Outcomes Research Team
www.ccort.ca

Canadian
Cardiovascular Atlas
A Collection of Original Research Papers Published in
The Canadian Journal of Cardiology

Editors:
Dr Jack V Tu, Dr William A Ghali, Dr Louise Pilote, Dr Susan Brien

PUBLICATION INFORMATION
Published by Pulsus Group Inc and the Institute for Clinical Evaluative Sciences

CANADIAN CATALOGUING IN PUBLICATION DATA
CCORT Canadian Cardiovascular Atlas
Includes bibliographical references
ISBN 0-9738553-2-0
I. Jack V Tu 1965
II. William A Ghalii 1966
III. Louise Pilote 1961
IV. Susan Brien 1974
How to cite the publication: The production of the CCORT Canadian Cardiovascular Atlas book was
a collaborative venture, therefore please cite individual chapters using chapter authors and title, in
addition to the editors and book title. For example, for Chapter 3 (Douglas G Manuel et al. Burden of
cardiovascular disease in Canada. Tu JV, Ghali WA, Pilote L, Brien S [eds]. CCORT Canadian
Cardiovascular Atlas. Pulsus Group Inc and Institute for Clinical Evaluative Sciences 2006:15-22.)
Alternatively, authors may choose to cite articles based on their original citations in The Canadian
Journal of Cardiology.
©2006 Pulsus Group Inc and the Institute for Clinical Evaluative Sciences
The opinions, results and conclusions are those of the authors, and no endorsement by any of the
funding agencies is intended or should be inferred.
To order additional copies of this publication or to find out more about the CCORT Atlas project,
please go to our Web site at http://www.ccort.ca/Atlas.asp.
To contact members of the CCORT team, please write to:
CCORT c/o ICES
G106, 2075 Bayview Avenue
Toronto, Ontario
M4N 3M5
Canada
or e-mail ccort@ices.on.ca

Canadian Cardiovascular Outcomes Research Team
www.ccort.ca

Canadian Cardiovascular Atlas
ACKNOWLEDGEMENTS

The publication of this Atlas is the result of the cooperative
efforts of several organizations and many individuals. The
authors and editors wish to take this opportunity to thank
all of those who contributed to the successful completion of
the project:

Programming and Biostatistics

The Canadian Institutes of Health Research (CIHR)
provided funding under the Interdisciplinary Health
Research Team operating grant program to CCORT.

Hugues Richard, McGill University, Montreal, Quebec

The Heart and Stroke Foundation of Canada provided
additional operating grant funding to CCORT.

Niko Yiannakoulias, University of Alberta, Edmonton,
Alberta

Publication of this book was supported in part by the 2005
CIHR National Knowledge Translation award.

Atlas Coordination

The Institute for Clinical Evaluative Sciences served as
the central national coordinating centre for the CCORT
initiative.
The CCORT team thanks officials in the provincial
ministries of health and regional health authorities for
reviewing preliminary analyses of the CCORT Atlas data.
Data holders provided access to each of the following
databases for the Atlas project:
Alberta Provincial Project for Outcome Assessment in
Coronary Heart Disease (APPROACH)
BC Cardiac Registries
BC PharmaCare Plan
Canadian Community Health Survey, Statistics Canada
Canadian Mortality Database, Statistics Canada
Canadian Institute of Health Information Discharge
Abstract Database (DAD)
Canadian Institute of Health Information Hospital
Morbidity Database
Enhanced Feedback for Effective Cardiac Treatment
(EFFECT)
FASTRAK II Clinical Registry
Improving Cardiovascular Outcomes in Nova Scotia
Investigators (ICONS) Clinical Registry
Intercontinental Medical Statistics (IMS) Health Canada
Compuscript Audit Database
Maritime Heart Centre Cardiac Surgery Database
Med-Echo
Ontario Drug Benefits Plan
La Régie de l’assurance maladie du Québec (RAMQ)
Statistics Canada Census
(For more information on the data sources, see “An overview
of the methods and data used in the CCORT Canadian
Cardiovascular Atlas project” on page 6.)

ii

Yanyan Gong
Alice Newman
Jiming Fang
Institute for Clinical Evaluative Sciences, Toronto, Ontario
Jim Mathers, Dalhousie University, Halifax, Nova Scotia

Susan Brien
Courtney C Kennedy
Linda Donovan
Sharon Van Ihinger
Francine Duquette
Institute for Clinical Evaluative Sciences, Toronto, Ontario
Production Coordination
Jill Toffoli
Cathy Dusome
Pulsus Group Inc., Oakville, Ontario
CCORT Web site Programming
Nemir Al-Azzawi
Institute for Clinical Evaluative Sciences, Toronto, Ontario
Knowledge Transfer
Paula McColgan
Julie Dowdie
Shelley Drennan
Cleo Surace
Institute for Clinical Evaluative Sciences, Toronto, Ontario
Graphic Design
Brian Graves
Reena Manohar
Media Services, Sunnybrook & Women’s College Health
Sciences Centre
Alex Haren
Pulsus Group Inc., Oakville, Ontario

Pulsus Group Inc., Oakville, Ontario

Canadian Cardiovascular Outcomes Research Team
www.ccort.ca

Canadian Cardiovascular Atlas
INTRODUCTION

he Canadian Cardiovascular Outcomes Research Team
(CCORT)’s Canadian Cardiovascular Atlas project was undertaken to comprehensively evaluate the delivery of cardiovascular
care in Canada. The study documents variations in the patterns of
health care delivery across Canada by province and health region.
This project was funded by operating grants from the Canadian
Institutes of Health Research (CIHR) and the Heart and Stroke
Foundation of Canada (HSFC), and its findings were originally
published as a series of 24 original peer-reviewed articles in
The Canadian Journal of Cardiology (CJC) between 2003 and 2005.
In collaboration with Pulsus Group Inc, we have worked to produce a single bound volume that includes all of the original scientific articles from this project. It is our hope that this book will
serve as a useful reference document and catalyst for improving the
quality of cardiovascular care delivery in Canada.
Introductory comments are provided by Dr Bruce McManus,
Scientific Director of the Institute of Circulatory and Respiratory
Health of the CIHR; Ms Sally Brown of the Heart and Stroke
Foundation of Canada; and Dr Eldon Smith, Editor-in-Chief of
CJC. We have also included additional features that we hope will
be useful to readers, including a data table showing all of the
health region level data assembled for this project. A CD-ROM
that includes portable document format (PDF) files of the original
articles and a collection of Atlas slides in Microsoft PowerPoint that
can be used for presentations. As an added feature, we have
included copies of the CCORT/Canadian Cardiovascular Society
(CCS) acute myocardial infarction and congestive heart failure
quality indicator papers published in 2003.
The CCORT investigators are committed to translating the
knowledge generated from this project into clinical practice and
health policy, and we hope that this book will help bring the project to a broader audience. We are very grateful to CIHR and HSFC
for funding this initiative and to CIHR, who chose our team as the
recipient of the 2005 CIHR National Knowledge Translation
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award. Supplemental grant funding from this award has been used
to help fund the costs of publishing and disseminating this book.
We are also grateful to Dr Eldon Smith and the editors of CJC, who
have allowed our Atlas project to be disseminated via the Journal.
Furthermore, we are honoured that CCORT was selected for the
2005 Robert E Beamish award – an award for the CJC article(s)
judged as having the greatest potential for impact on cardiovascular
health in Canada.
The editors of this project are indebted to the many individuals and organizations who have contributed to the success of
the project. We have attempted to list all of them in the
acknowledgements section of the book, but apologize if we have
inadvertently omitted any individual or organization that should
have been listed. We especially thank each of the chapter
authors for their contributions. The Atlas project likely represents the largest study of cardiovascular care delivery ever undertaken in Canada and was the end result of hundreds of hours of
hard work from many talented individuals across the country.
We would also like to thank the Institute for Clinical Evaluative
Sciences (ICES) in Ontario, who has served as the national
coordinating centre for the CCORT initiative. Thanks also go
out to our colleagues at Pulsus Group Inc who have assisted us in
producing this book.
In summary, we hope that the CCORT Canadian Cardiovascular
Atlas book will serve as a useful document for a broad audience of
potential readers including clinicians, policy-makers, health system
managers, and researchers who work to improve the health and quality of life of Canadian patients with heart disease. Cardiovascular
disease remains a tremendous burden to the Canadian health care
system, and we hope that our work will contribute to ultimately
reducing the burden of heart disease on Canadian society.
Editors: Dr Jack V Tu, Dr William A Ghali,
Dr Louise Pilote, Dr Susan Brien

The Canadian Cardiovascular Outcomes Research Team gathers at the 2005 national team meeting in Toronto, Ontario
A Collection of Original Research Papers Published in The Canadian Journal of Cardiology
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PREFACE

hen the Canadian Institutes of Health Research
(CIHR) was created, there was a deliberate intent to
invigorate and enable teams of researchers such that they
might address new research issues and questions not previously studied in Canada. Funding vehicles to bring these
teams together included the Interdisciplinary Heart
Research Team grant. One of these programs, the Canadian
Cardiovascular Outcomes Research Team (CCORT), led
by Dr Jack Tu of the Toronto-based Institute for Clinical
Evaluative Sciences, brought together more than
30 researchers from five provinces coast to coast. CIHR, in
partnership with the Heart and Stroke Foundation, played
a key role in funding the work of CCORT as one of 10 initial Interdisciplinary Health Research Teams.
The inclusiveness of the CCORT approach, the manner
in which the research has been conducted and the results
produced have attracted wide-ranging attention from scientists, clinicians, health care administrators, policy-makers
in government and the public alike. CCORT investigators
have taken current practices in cardiac care and examined
them through the lens of what we know about best practices. CCORT has generated a dazzling array of observations and actions that are already helping physicians provide better care to their patients, while providing policymakers with the information they need to ensure more
consistent quality of care for all Canadians with cardiovascular disease or at risk for developing it. Both quality assurance in health care activities and health care planning
have been affected. CCORT has developed national cardiac performance indicators and benchmarks for such common ailments as heart attack and heart failure that are
being used and evaluated in health care organizations
across the country. The team is working to ascertain the
utility of clinical data and administrative data in report
cards on care aimed at improving and bringing uniformity
to care delivery. Thus, knowledge translation is an integral
component of the team’s work, reflected in the more than
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60 peer-reviewed articles and two randomized trials assessing alternative approaches for implementing knowledge.
At CIHR’s annual Canadian Health Research Awards,
A Celebration of Excellence in Canadian Health Research,
on November 22, 2005, I had the privilege of presenting
the national CIHR Knowledge Translation award for 2005
to Dr Tu and his Canadian Cardiovascular Outcomes
Research Team. This award recognizes merit in an exceptional individual or team currently involved in a collaborative health research or development project that aims to
advance and expand our understanding of knowledge translation, and that leads to improved health for Canadians,
more effective health services and products, and a strengthened health care system.
COORT has published a series of articles in The
Canadian Journal of Cardiology over the past three years,
outlining the results from their investigation of patterns of
cardiovascular risk, disease and care across Canada. The
papers from the project have now been compiled into the
present publication, the CCORT Canadian Cardiovascular
Atlas – a collection of all 24 original articles (reprints)
bound as a book. It is my belief that this book will be of
interest and great value to many stakeholders, including
policy-makers, clinicians and researchers with commitments to the best of cardiovascular well-being.
The experience of the CCORT investigators provides
immediate value to the health of our health care system.
The teamwork and diligence that guides this amalgam of
outstanding scientists, clinicians, information managers
and statisticians is a model for others to emulate. On
behalf of CIHR and the circulatory community of Canada,
I offer my praise and thanks for the Atlas and the guidance
it offers us all.
Bruce McManus MD PhD FRSC
Scientific Director
CIHR Institute of Circulatory and Respiratory Health
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PREFACE

n behalf of the Heart and Stroke Foundation of Canada
(HSFC), it gives me great pleasure to introduce this
exciting and important publication from the Canadian
Cardiovascular Outcomes Research Team (CCORT).
The CCORT Canadian Cardiovascular Atlas compiles
the results from the first phase of this innovative research
initiative, showcasing a compendium of research investigations into the patterns of cardiovascular health care across
Canada and the trends and regional variations on a wide
range of topics in cardiovascular care.
Phase 1 of the CCORT project (2001–2005) has yielded
many benefits for the health of Canadians and the Canadian
health care system, including bridging the gap between
research and practice to support optimal practice patterns.
The Heart and Stroke Foundation of Canada is very pleased
to have been one of the leading funding agencies of this initiative.
The HSFC – a national, voluntary, nonprofit organization – is committed to improving the health of Canadians
by preventing and reducing disability and death from heart
disease and stroke through research, health promotion and
advocacy. The HSFC supports research across the research
spectrum from the basic and clinical sciences to health
services to population health research. The HSFC recognizes the complexity of cardiovascular disease and the need
for single disciplinary and multidisciplinary approaches to
further advance our understanding and provide the knowledge necessary to improve health and well-being. The
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HSFC is very proud of the work and the significant progress
of CCORT’s research efforts, with its emphasis on multidisciplinary research teams, building trainee research capacity
and incorporating strategies to translate research findings to
policy and practice.
It is our belief that this Atlas will be a valuable source of
information to many stakeholders, including policy-makers,
health care providers, clinicians, the public and researchers
from across Canada. The work of this team will be instrumental in providing both timely and necessary information
in several arenas: to shape future policy directions and cardiovascular health care within both federal and provincial
jurisdictions; to inform the practices of clinicians within
the cardiovascular community to improve the treatment,
quality and management of patient care; and to advance
the science by engaging researchers to further embrace this
knowledge base.
Congratulations to CCORT on your progress to date and
the significant advances you are making to this field of science to facilitate improvements in the quality of care for
cardiac patients across Canada.
Sincerely,

Sally Brown, CEO
Heart and Stroke Foundation of Canada
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PREFACE

easurement is key to our ability to improve health
care outcomes. The mantra must be to ‘measure’ outcomes, communicate, intervene and then measure again.
But measurement of outcomes in health care is not easy
and, until recently, has not been vigorously pursued. Unless
measurements have been made, we do not have the benchmarks against which we can measure our progress.
The Canadian Cardiovascular Outcomes Research
Team (CCORT) is about measurement. This group of
Canadian investigators has created a national Atlas of cardiovascular health and health care by measuring the prevalence and incidence of disease, the availability and utility of
evidence-based therapies, and the associated outcomes.
Importantly, they have sought to demonstrate variations in
these measures among provinces and even regional variations within provinces. This enormous effort has provided
health care providers, researchers, administrators and those
who develop health policy with benchmarks that will allow
them to communicate to their colleagues, intervene and
then measure again. All this to improve the quality and
consistency of health care for Canadians.
CCORT comprises approximately 30 investigators from
across Canada under the able leadership of Dr Jack Tu.
Each project was developed by a team who performed the
data collection and analysis and prepared the manuscript
for publication. Twenty-four such papers were published
in The Canadian Journal of Cardiology (CJC) over the past
three years. In discussions on the mechanics of this effort
beforehand, we worried about how to ensure competent
peer review and publication in a time frame that would
prevent the information from being outdated by the time
it was available to the readers. In conjunction with the
editors of the Atlas project, we developed a streamlined
peer-review process in which each paper was reviewed by
two qualified individuals, with the suggestions for change
managed by an ‘editor’ familiar with the technologies and
methods being used. The revised manuscripts were
reviewed by the ‘editor’ and, if satisfactory, scheduled for
publication. A commitment of the CJC was that publication would occur rapidly after acceptance. Before publication, I personally reviewed the reviewers comments and
read all papers; I was uniformly impressed with the quality
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of the writing and particularly with the measured approach
to data interpretation. Yes, several of the papers contained
controversial material, but CCORT had done the necessary
homework and was able to defend their methods, presentation and conclusions. Some of these papers have already
been used by various groups to identify needs, procedures
and directions for research, as well as for changes to health
care delivery. And now readers will be able to have this
valuable collection of papers in a book. I believe that this
will add further value to this already important work.
The Canadian Cardiovascular Society and the CJC
have been proud to be associated with this important work.
At the Journal, we have received a good deal of positive
commentary on the published articles. Indeed, the CJC
Associate Editors Group unanimously agreed to award
Dr Tu and CCORT the Robert E Beamish award for 2005.
This is an annual prize awarded by Pulsus Group Inc (publisher of the Journal) to the first author of the paper published in the Journal during the previous three years judged
to have the greatest potential for impact on the prevention,
detection or treatment of cardiovascular disease. For the
2005 award, we deviated from the norm and presented each
member of CCORT with a plaque to celebrate their
achievement.
I believe that this book will be of great value to a broad
range of individuals involved in health care research, care
delivery and policy development. The contents can provide
the benchmarks against which to measure improvement in
quality resulting from our interventions. I believe we all
owe a great debt of gratitude to all members of CCORT. In
particular, I congratulate Dr Tu on his outstanding vision
and leadership. This book will serve as a lasting testament
to an enormous effort.

Eldon R Smith OC MD FRCPC
Editor-in-Chief
The Canadian Journal of Cardiology
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REVIEWERS

he development of the Canadian Cardiovascular Atlas project required assistance from a very important group of individuals – experts who were willing to take the time to review each Atlas paper thoroughly and to comment on how we
could make it as useful and rigorous as possible. This task drew not only on their specialized expertise, but also on their vision
of what information would benefit the medical, policy-making and research communities most. The authors and editors of
the Atlas wish to thank this group of individuals who gave so generously of their time:
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PHOTO GALLERY

Dr Tu discusses the CCORT research findings
at the national 2005 Canadian Health
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Chapter 1: Introduction to the Canadian Cardiovascular Outcomes Research Team’s
(CCORT) Canadian Cardiovascular Atlas project
Jack V Tu, Susan E Brien, Courtney C Kennedy, Louise Pilote, William A Ghali

1

The Canadian Cardiovascular Outcomes Research Team’s (CCORT) Canadian Cardiovascular Atlas project
was developed to provide Canadians with a national report on the state of cardiovascular health and health
services in Canada. The CCORT cardiac Atlas will cover a wide variety of topics ranging from cardiac risk
factors and cardiac mortality rates to the treatment of patients with acute myocardial infarction and
congestive heart failure and the outcomes of invasive cardiac procedures across Canada.

Chapter 2: An overview of the methods and data used in the CCORT Canadian
Cardiovascular Atlas project
Courtney C Kennedy, Susan E Brien, Jack V Tu

6

The Canadian Cardiovascular Atlas will provide a comprehensive overview of the current state of cardiac care
and disease in Canada. Administrative data, clinical registries and community survey data will be analyzed at
the provincial and health region levels. This article provides an overview of the data types and sources used in
the Atlas project, gives a general description of the methods and analyses used to report Atlas data, and
describes how Atlas maps were created and how they can be interpreted.

Chapter 3: Burden of cardiovascular disease in Canada
Douglas G Manuel, Mark Leung, Kathy Nguyen, Peter Tanuseputro, Helen Johansen

15

Cardiovascular disease is the leading cause of death in Canada. It represents a major disease burden in terms of
both mortality and health-related quality of life and is an important source of health inequalities between
populations in Canada. This report updates the death estimates for cardiovascular disease in Canada and
introduces a population-based perspective on disease prevalence and health-related quality of life burden.
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Chapter 4: Regional variation in self-reported heart disease prevalence in Canada
Chi-Ming Chow, Linda Donovan, Doug Manuel, Helen Johansen, Jack V Tu

23

The objective of this study was to provide an analysis of the self-reported prevalence of heart disease and
three specific cardiac conditions – myocardial infarction (MI), angina and congestive heart failure (CHF) –
in subgroups of the Canadian population. Data from the Public Use Microdata File from Statistics Canada’s
2000/01 Canadian Community Health Survey were used to estimate the crude self-reported prevalence of
heart disease, MI, angina and CHF in Canada. The data are reported by age and sex groups, as well as by
province or territory and health region. Large regional differences in the prevalence of heart disease and other
specific cardiac conditions were observed across Canada. These data may assist health system planners to
identify those regions and population subgroups most affected by heart disease, and to support the
development of heart disease prevention and treatment programs.

Chapter 5: Risk factors for cardiovascular disease in Canada
Peter Tanuseputro, Douglas G Manuel, Mark Leung, Kathy Nguyen, Helen Johansen

30

Many risk factors contribute to the development of cardiovascular disease (CVD). The high prevalence of
potentially modifiable CVD risk factors and the large variation that exists between subgroups of the Canadian
population suggest that the burden of CVD could be reduced through risk factor modification. In addition to
providing an update of the prevalence of important CVD risk factors, this report has estimated smokingattributable mortality for each health region in Canada.

Chapter 6: Regional variations in cardiovascular mortality in Canada
Woganee A Filate, Helen L Johansen, Courtney C Kennedy, Jack V Tu

41

There is wide variation in cardiovascular and ischemic heart disease mortality in Canada at the provincial and
health region level. The contribution of health region characteristics, including the prevalence of traditional
cardiac risk factors, social determinants of health and other community characteristics, were studied to
determine their association with coronary heart disease mortality at the health region level. Efforts to reduce
cardiovascular mortality rates in communities require attention to both traditional risk factors and the broader
determinants of health.

Chapter 7: Hospitalization rates and length of stay for cardiovascular conditions
in Canada, 1994 to 1999
Ruth E Hall, Jack V Tu

49

Cardiovascular conditions are a leading cause of hospitalization in Canada. In this country between 1994 and
1999, per capita hospitalization rates for acute myocardial infarction, angina and chest pain increased 6%,
8% and 11%, respectively, and decreased 7% for congestive heart failure. For all conditions except chest pain,
men have higher hospitalization rates than women. The over 75-year age group experienced the most dramatic
increase in hospitalization rates. Length of stay for episodes of cardiovascular hospitalization has been steadily
decreasing since 1994. In general, western Canadian provinces have shorter lengths of stay after adjusting for
age, sex and cardiac procedures than do eastern Canadian provinces.
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Chapter 8: An overview of the types of physicians treating acute cardiac conditions 58
in Canada
Karen Tu, Yanyan Gong, Peter C Austin, Liisa Jaakimanian, Jack V Tu
In Canada, general practitioners/family physicians care for most hospitalized congestive heart failure patients,
and specialists (cardiologists and general internists) care for the majority of acute myocardial infarction
patients. However, from a geographical point of view, specialists tend to care more commonly for hospitalized
congestive heart failure patients in large urban centres, and general practitioners care for acute myocardial
infarction patients in many rural areas in Canada. Elderly patients and women are more likely to have their
acute cardiac conditions cared for by general practitioners/family physicians.

Chapter 9: Outcomes of acute myocardial infarction in Canada
Jack V Tu, Peter C Austin, Woganee A Filate, Helen L Johansen, Susan E Brien,
Louise Pilote, David A Alter

68

Acute myocardial infarction continues to be a leading cause of death in the industrialized world despite recent
therapeutic advances. This study examines variations in 30-day in-hospital mortality rates from acute
myocardial infarction across Canada and postinfarction readmissions for a second myocardial infarction,
angina and congestive heart failure between fiscal 1997/98 and fiscal 1999/2000.

Chapter 10: Cardiac procedures after an acute myocardial infarction across nine
Canadian provinces
Louise Pilote, Patrick Merrett, Igor Karp, David Alter, Peter C Austin, Jafna Cox,
Helen Johansen, William Ghali, Jack V Tu

77

It remains unclear to what extent variations in the use of invasive cardiac procedures postacute myocardial
infarction exist across the Canadian provinces. In this study, procedure rates and waiting times for
percutaneous coronary intervention and bypass surgery were compared using administrative patient data
for nine Canadian provinces. Significant interprovincial and regional variations were found in the use of
invasive cardiac procedures and in waiting times for these procedures. The authors identified an east-west
gradient in the treatment of acute myocardial infarction patients, with western provinces using cardiac
revascularization more frequently than Maritime provinces. Procedure use in Ontario was more in keeping
with that in Manitoba.

Chapter 11: Acute treatment of myocardial infarction in Canada 1999-2002
Cynthia A Jackevicius, David Alter, Jafna Cox, Paul Daly, Shaun Goodman, Woganee Filate,
Alice Newman, Jack V Tu

87

The objective of this study was to describe the in-hospital use of reperfusion therapy for ST elevation
myocardial infarction (STEMI) and discharge use of acetylsalicylic acid, beta-blockers, angiotensin-converting
enzyme inhibitors and statins in patients presenting with either STEMI or non-STEMI in Canada from 1999
to 2002. Four Canadian registries (FASTRAK II, Canadian Acute Coronary Syndromes, Enhanced Feedback
for Effective Cardiac Treatment and Improving Cardiovascular Outcomes in Nova Scotia) were used to
identify patients with acute myocardial infarction (AMI) in Canada and to measure in-hospital reperfusion
and medication use. Use rates were compared by age, sex, time period and geographical area, according to
available data. Although Canadian and provincial rates of use of evidence-based medications for the
treatment of AMI have increased over time, there remains room for improvement. A single, comprehensive
data source would supply better insights into the management of AMI in Canada.
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Chapter 12: Secondary prevention after acute myocardial infarction in four
95
Canadian provinces, 1997–2000
Louise Pilote, Christine A Beck, Igor Karp, David Alter, Peter Austin, Jafna Cox, Karin Humphries,
Cynthia Jackevicius, Hugues Richard, Jack V Tu
The objective of this study was to describe outpatient use of beta-blockers, angiotensin-converting enzyme
(ACE) inhibitors, statins, calcium channel blockers and nitrates in elderly survivors of acute myocardial
infarction over the fiscal years from 1997/98 to 1999/2000 in Nova Scotia, Quebec, Ontario and British
Columbia (BC). Linked administrative databases were used to identify all acute myocardial infarction patients
65 years of age and older who were admitted in Quebec, Ontario and BC over the study period, and to
measure 90-day postdischarge utilization rates of the cardiac medications for these patients. A populationbased clinical registry was used to measure rates of prescription at discharge for elderly patients in Nova Scotia
admitted between 1997 to 2000. Utilization rates for beta-blockers, ACE inhibitors and statins increased over
time, while rates for calcium channel blockers and nitrates decreased only slightly. There was marked regional
variation in utilization rates within the four provinces.

Chapter 13: Community factors, hospital characteristics and inter-regional outcome 102
variations following acute myocardial infarction in Canada
David A Alter, Peter C Austin, Jack V Tu
The purpose of this study was to examine the impact of community and hospital factors on individual acute
myocardial infarction (AMI) outcomes and procedure use, and to determine the extent to which such
characteristics account for inter-regional and interinstitutional AMI outcome and procedure variations across
Canada. It was shown that while community and hospital factors are important determinants of individual
outcomes after AMI, they account for only a minimal degree of outcome variation across regions.

Chapter 14: Regional outcomes of heart failure in Canada
Douglas S Lee, Helen Johansen, Yanyan Gong, Ruth E Hall, Jack V Tu, Jafna L Cox

111

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 morbidity databases from fiscal
years 1997/98 to 1999/2000. The demographics, in-hospital mortality rate and heart failure readmission rates
were compared among provinces and health regions. A total of 83,406 patients were hospitalized for heart
failure across Canada during the study period. There were significant regional variations in heart failure
readmission rates and mortality. The authors concluded that there is a great burden of heart failure in Canada
that increases significantly with age. The mortality and readmission rates for this condition are high and
exhibit variation among health regions and provinces. Factors contributing to regional variations in these
outcomes merit further study.
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Chapter 15: Pharmacological treatment of congestive heart failure in Canada:
120
A description of care in five provinces
Jafna L Cox, Sarah A Ramer, Douglas S Lee, Karin Humphries, Louise Pilote, Larry Svenson,
Jack V Tu
The objective of this study was to describe the pharmacological management of patients hospitalized with
congestive heart failure (CHF) in five Canadian provinces: Alberta, British Columbia, Nova Scotia,
Ontario and Quebec. Administrative data sources were used to identify all consecutive patients hospitalized
with a principal diagnosis of CHF and discharged alive in the provinces of Alberta, British Columbia, Quebec
and Ontario. Rates of use of prespecified medications at 30 days after hospital discharge were obtained for
patients 65 years of age and older by linkage of their hospital records with drug benefit plans in these
provinces. For Nova Scotia, the disease-specific registry of the Improving Cardiovascular Outcomes in
Nova Scotia (ICONS) study was used to obtain discharge medications of individuals consecutively
hospitalized with a diagnosis of CHF. Where available, data were acquired from 1997 to 2002. While the use
of evidence-based treatment for CHF in Canada is increasing and is currently at levels similar to those
reported in other developed countries, there is still the potential in every province for further improvement.

Chapter 16: Population rates of hospitalization for atrial fibrillation/flutter
in Canada
Karin H Humphries, Cynthia Jackevicius, Yanyan Gong, Larry Svensen, Jafna Cox,
Jack V Tu, Andreas Laupacis

127

The age- and sex-standardized rate of hospitalization with atrial fibrillation (AF) in Canada rose from 513.4 to
555.3 per 100,000 population between April 1, 1997, and March 31, 2000. The prevalence increased sharply
with age, and men outnumbered women at all ages. Despite the unequivocal demonstration that oral
anticoagulation decreases the frequency of stroke in AF patients, the frequency of warfarin use in patients
65 years and older was below 50% in all provinces studied.

Chapter 17: Diagnostic cardiac catheterization and revascularization rates for
coronary heart disease
Peter D Faris, F Curry Grant, P Diane Galbraith, Yanyan Gong, William A Ghali

135

This study used administrative data and a survey of catheterization facilities to examine variation in
cardiovascular procedure rates across Canada. The rates of cardiac catheterization increased in the years
studied. There was considerable variation in revascularization procedure rates across health regions and
provinces. From 1997/98 to 2000/01, there was little increase in rates of coronary artery bypass graft
surgery performed in Canada, but a large increase in rates of percutaneous coronary intervention.
Revascularization rates were higher for men than for women, and rates were highest in the 65- to 74-yearold age category. This study provides a valuable ‘snapshot’ of cardiac procedure use rates.
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Chapter 18: Revascularization use and survival outcomes after cardiac catheterization 142
in British Columbia and Alberta
Christopher R Thompson, Karin H Humphries, Min Gao, P Diane Galbraith, Colleen Norris,
Ronald G Carere, Merril L Knudtson, William A Ghali
Patients undergoing cardiac catheterization in Alberta and British Columbia between 1995 and 2001 were
predominantly men (70%), and commonly had two- or three-vessel disease, hypertension, prior myocardial
infarction and dyslipidemia. Within one year of catheterization, 21% to 26% underwent coronary artery
bypass grafting (CABG) and 32% to 42% underwent percutaneous coronary intervention (PCI). The
choice of revascularization modality was influenced by urgency status (emergency/urgent status was
associated with receiving PCI) and anatomy (three-vessel and left main disease were associated with
receiving CABG). Patients who did not undergo revascularization within one year had the lowest one-year
survival (93.4%). This group comprised patients receiving medical therapy as proposed (one-year survival
95.7%), as well as patients receiving medical therapy despite the proposal for revascularization at the time
of cardiac catheterization (84.6%).

Chapter 19: Outcomes after coronary artery bypass graft surgery in Canada:
1992/93 to 2000/01
William A Ghali, Hude Quan, Fiona M Shrive, Gregory M Hirsch

149

This study provides an updated Canada-wide coronary artery bypass graft (CABG) surgery outcome report for
the years 1992/93 through 2000/01. Hospital discharge abstract data from the Canadian Institute for Health
Information (CIHI) were used to calculate risk-adjusted in-hospital mortality rates by year and province.
Overall, the results indicate favourable provincial outcome profiles, showing a sustained decline in mortality
rates over the years studied or persistently low mortality rates after CABG surgery. These favourable outcomes
were observed despite an accompanying increase in the general case complexity of patients undergoing this
surgical procedure in Canada.

Chapter 20: In-hospital outcomes after percutaneous coronary intervention in Canada: 157
1992/93 to 2000/01
Shelina M Jamal, Fiona M Shrive, William A Ghali, Merrill L Knudtson, Mark J Eisenberg
Percutaneous coronary intervention (PCI) is a commonly used procedure, but little is known about
interprovincial differences in PCI outcomes and outcome trends in Canada. In this study, national
hospital discharge abstract data were used to create a profile of PCI outcomes and case mix in Canada.
The specific objectives were to describe risk-adjusted rates of in-hospital mortality and same-admission
coronary artery bypass graft (CABG) surgery after PCI, and to compare provincial risk-adjusted rates of
in-hospital mortality and same-admission CABG. The results suggest stable in-hospital mortality rates
and a trend for decreasing same-admission CABG rates between 1992/93 and 2000/01. However,
interprovincial differences in outcomes were also found that raise the possibility of variable quality of
care across provinces.
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Chapter 21: Use of valve surgery in Canada
Ansar Hassan, Alice M Newman, Yanyan Gong, Courtney Kennedy, Karin H Humphries,
William A Ghali, Gregory M Hirsch

165

The objective of the present study was to use administrative data to evaluate use of valve surgery over
time and across Canada. All cases of aortic valve replacement (AVR), mitral valve replacement (MVR),
mitral valve repair (MV repair), combined AVR and coronary artery bypass grafting (CABG), and
combined MVR/MV repair and CABG between fiscal years 1994/95 and 1999/2000 were identified using
hospital discharge abstract data obtained from the Canadian Institute for Health Information. Age- and
sex-adjusted rates of valve surgery were then calculated by province and by procedure type. There was a
trend toward increased use of valve surgery over time for most procedures. Variation in rates of valve
surgery exists across provinces.

Chapter 22: Outcomes after aortic and mitral valve replacement surgery in Canada:
1994/95 to 1999/2000
Ansar Hassan, Hude Quan, Alice Newman, William A Ghali, Gregory M Hirsch

171

The objective of the present study was to report on observed and risk-adjusted in-hospital mortality rates after
aortic valve replacement (AVR) and mitral valve replacement (MVR) across Canada between 1994/95 and
1999/2000 using administrative data. All cases of AVR and MVR (with and without concomitant coronary
artery bypass grafting) performed between 1994/95 and 1999/2000 were identified using hospital discharge
abstract data obtained from the Canadian Institute for Health Information. Rates of in-hospital mortality were
risk-adjusted using logistic regression modelling techniques to account for variations in sociodemographic,
comorbidity and disease-specific indicators of average severity of illness across years and provinces. In-hospital
mortality rates after valve surgery have remained stable over time. However, significant variation in outcomes
was noted between provinces.

Chapter 23: Trends in cardiovascular drug utilization and drug expenditures
in Canada between 1996 and 2001
Cynthia A Jackevicius, Karen Tu, Woganee A Filate, Susan E Brien, Jack V Tu

180

Drug costs are the fastest growing sector of the health care system. The objective of this study was to focus
on the trends in the utilization and expenditures of cardiovascular drugs in Canada, by drug class and by
province, over a six-year period. Patterns of drug utilization and expenditures in Canada were described
for cardiovascular drug classes, individual agents within classes, and by provincial analyses. Substantial
increases in both the utilization and the expenditures for cardiovascular medications occurred in Canada
between 1996 and 2001. Newer medication classes, such as angiotensin-converting enzyme inhibitors and
statins, now comprise the majority of cardiovascular drugs prescribed, along with continued high use of
diuretics. Changes in patterns of cardiovascular drug utilization and expenditures in Canada may be
associated with clinical trial evidence, clinical practice guidelines, policy changes and/or marketing
initiatives.
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Chapter 24: Cardiac arrest care and emergency medical services in Canada
Christian Vaillancourt, Ian G Stiell

188

Heart disease remains the leading cause of mortality in Canada. This study examines the impact of regional
differences in patient and system characteristics. Cardiopulmonary resuscitation (CPR) is clearly associated
with improved survival; increased citizen bystander CPR rates should remain a priority in most regions. While
the optimization of ambulance and firefighter defibrillation programs has shown a positive impact on survival,
the potential impact of public access defibrillation programs has yet to be determined. Given the lack of
impact of advanced life support on cardiac arrest survival, it becomes increasingly important to optimize all of
the other links of the chain of survival.

CCORT/CCS QUALITY INDICATORS
Chapter 25: CCORT/CCS quality indicators for acute myocardial infarction care
198
Chau TT Tran, Douglas S Lee, Virginia F Flintoft, Lyall Higginson, F Curry Grant, Jack V Tu,
and the CCORT/CCS Acute Myocardial Infarction Quality Indicator Panel
A set of Canadian quality indicators for acute myocardial infarction (AMI) care was developed. A modifiedDelphi panel process was used and, after several rounds of discussion and an external review by members of
the Canadian Cardiovascular Society, the indicators were finalized. A total of 47 indicators for AMI care
(ie, structural, process of care and outcome indicators) were established. As well, benchmarks for process of
care indicators were suggested. These indicators will be useful to clinicians and researchers who want to
measure and improve the quality of AMI patient care in Canada.

Chapter 26: CCORT/CCS quality indicators for congestive heart failure care
Douglas S Lee, Chau Tran, Virginia Flintoft, F Curry Grant, Peter P Liu, Jack V Tu

206

Measurement of health care quality is an area of increasing interest. A multidisciplinary national expert
panel developed quality indicators for improving congestive heart failure care in Canada. A two-step modified
Delphi process was used to identify structure, process and outcome indicators encompassing organizational
attributes, pharmacotherapy, investigations, counselling, continuity of care and disease outcomes. These
quality indicators can serve as a foundation for future studies evaluating the quality of congestive heart
failure care.
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Chapter 1: Introduction to the Canadian
Cardiovascular Outcomes Research Team’s (CCORT)
Canadian Cardiovascular Atlas project
Jack V Tu MD PhD FRCPC1,2, Susan E Brien PhD1, Courtney C Kennedy MSc1, Louise Pilote MD PhD FRCPC3,
William A Ghali MD MPH FRCPC4, for the Canadian Cardiovascular Outcomes Research Team*

JV Tu, SE Brien, CC Kennedy, L Pilote, WA Ghali. Introduction
to the Canadian Cardiovascular Outcomes Research Team’s
(CCORT) Canadian Cardiovascular Atlas project. Originally
published in Can J Cardiol 2003;19(3):225-229.
The Canadian Cardiovascular Outcomes Research Team’s (CCORT)
Canadian Cardiovascular Atlas project was developed to provide
Canadians with a national report on the state of cardiovascular
health and health services in Canada. Written by a group of Canada’s
leading experts in cardiovascular outcomes research, the CCORT
cardiac Atlas will cover a wide variety of topics ranging from cardiac
risk factors and cardiac mortality rates to the treatment of patients
with acute myocardial infarction and congestive heart failure and the
outcomes of invasive cardiac procedures across Canada. Data in the
Atlas will be presented at a national, provincial and health region
level. The Atlas will be published as a series of 24 articles and chapters in future issues of The Canadian Journal of Cardiology and on
CCORT’s Web site (www.ccort.ca). Material from the Journal and
the web will eventually be compiled into a book and CD-ROM that
will be distributed across Canada. This article serves as an introduction to the Atlas project and describes the rationale for and objectives
of the CCORT national cardiac Atlas project.

Key Words: Cardiovascular research; CCORT; Health care services

ardiovascular disease is the leading cause of death and disability in Canada, accounting for 36% of all deaths
nationally (1). In 1998, cardiovascular disease accounted for
18% of overall health care system costs, constituting the greatest direct cost of all illnesses. The total cost of cardiovascular
disease in Canada has been estimated to be $18 billion (2). In
light of the large burden of cardiovascular disease on the
Canadian health care system, there is a great need for a better

C

Présentation du projet d’un Atlas canadien des
maladies cardiovasculaires de l’Équipe de
recherche canadienne sur les résultats des
soins en cardiologie
Le projet d’un Atlas canadien des maladies cardiovasculaires (Canadian
Cardiovascular Atlas) de l’Équipe de recherche canadienne sur les résultats
des soins en cardiologie (Canadian Cardiovascular Outcomes Research
Team – CCORT) a été élaboré dans le but d’offrir aux Canadiens un
rapport national sur la santé cardiovasculaire et l’état des services de santé
au Canada. Rédigé par un groupe de grands spécialistes du Canada en
matière de recherche sur les résultats de la prise en charge des maladies
cardiovasculaires, l’Atlas canadien des maladies cardiovasculaires de la
CCORT couvrira un large éventail de sujets allant des facteurs de risque
cardiaque et des taux de mortalité cardiaque au traitement des patients
souffrant d’infarctus du myocarde et d’insuffisance cardiaque globale et
aux résultats des interventions cardiaques effractives au Canada. Les
données contenues dans cet Atlas seront présentées à l’échelle régionale,
provinciale et nationale. L’Atlas prendra la forme d’une série de 24 articles
et chapitres dans les numéros à venir du Journal canadien de cardiologie
ainsi que sur le site Web de la CCORT (www.ccort.ca). Le matériel présenté
dans le Journal ainsi que sur le site Web sera éventuellement réuni dans un
livre et CD-ROM qui sera distribué partout au Canada. Cet article a pour
but de présenter ce projet d’Atlas canadien des maladies cardiovasculaires
de la CCORT et d’en décrire les fondements et les objectifs.

understanding of how cardiac health services are delivered in
Canada and where improvements are needed in the system.
The Canadian Cardiovascular Outcomes Research Team’s
(CCORT) Canadian Cardiovascular Atlas project attempts to
address this information gap through a comprehensive analysis
of a number of important topics affecting the cardiovascular
health and outcomes of Canadians. The Atlas is modelled after
a previous 1999 Ontario-wide report entitled Cardiovascular

*The Canadian Cardiovascular Outcomes Research Team investigators are listed in the appendix
for Clinical Evaluative Sciences, Toronto, Ontario; 2Division of General Internal Medicine and the Clinical Epidemiology and Health
Care Research Program, Department of Medicine, Sunnybrook and Women’s College Health Sciences Centre, University of Toronto, Toronto,
Ontario, 3Department of Medicine, McGill University, Montreal, Quebec, 4Departments of Medicine and Community Health Sciences, Centre
for Health and Policy Studies, University of Calgary, Calgary, Alberta
Correspondence and reprints: Dr Jack V Tu, Institute for Clinical Evaluative Sciences, G106-2075 Bayview Avenue, Toronto, Ontario
M4N 3M5. Telephone 416-480-4700, fax 416-480-6048; email tu@ices.on.ca
Received for publication December 12, 2002. Accepted January 2, 2003
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Health and Services in Ontario: An ICES Atlas, which was published by researchers at CCORT’s host institution, the
Institute for Clinical Evaluative Sciences (ICES) in Toronto
(3). Written by a multidisciplinary team of Canada’s leading
outcomes researchers, the articles in the national Atlas series
will cover a wide range of topics, ranging from the prevalence
of cardiac risk factors in different health regions in Canada to
the rates and outcomes of various invasive cardiac procedures.
The specific topics addressed in the CCORT Atlas project are
organized under five major categories: population health, acute
myocardial infarction (AMI), congestive heart failure/atrial
fibrillation, cardiac procedures and a miscellaneous section as
shown in Table 1.
Through a unique partnership with Dr Eldon Smith, Editorin-Chief of The Canadian Journal of Cardiology, and its publisher,
Pulsus Group Inc, a version of each Atlas chapter written for a
clinical audience will be published in the Journal in the
upcoming months. Many of the chapters will have an accompanying editorial discussing the clinical or policy implications
of the data contained within that chapter. Each chapter will be
published on the CCORT Web site (www.ccort.ca) and will
include additional supplementary information (for example,
interactive colour maps and supplementary tables) that cannot
be included in the journal version due to space limitations.
The 24 chapters from the Atlas will eventually be collated into
a book format that will be distributed by the CCORT investigators to people and organizations throughout Canada.
Readers interested in receiving a copy of the book can register
for a copy on the CCORT Web site.
The editors of the CCORT cardiac Atlas (Drs Jack Tu,
William Ghali and Louise Pilote) and the Atlas research coordinators (Susan Brien, Courtney Kennedy), along with the
investigators from the CCORT initiative, hope to accomplish
a number of important objectives through the development
and publication of the Atlas:
1. To highlight important regional and interprovincial
differences in the burden of cardiac disease, treatment
patterns and outcomes of cardiac patients across Canada.
2. To stimulate discussion and quality improvement
initiatives in communities and hospitals aimed at reducing

the burden of cardiac diseases and improving the outcomes
of cardiac patients throughout Canada.
3. To identify areas where future research is needed in
Canada regarding the cardiovascular health and outcomes
of Canadians.
4. To demonstrate to funding agencies and policy-makers the
value and importance of funding the large interdisciplinary
research teams and population-based databases necessary to
conduct comprehensive national health surveillance and
outcomes research projects.

OBJECTIVE #1:
HIGHLIGHTING REGIONAL VARIATIONS
IN THE BURDEN OF ILLNESS AND
QUALITY OF CARDIAC CARE
The cardiac Atlas will feature multiple analyses conducted at
the provincial and health region levels across Canada. These
analyses will show that, despite an attempt to create a universal health care system in which all Canadians have equal
access to health care, ‘geography is destiny’ in many cases. The
type of care that some patients receive depends in part on
where he or she lives in Canada. This small-area rate variations phenomenon is by no means unique to Canada and has
also been shown in other health care systems, such as those in
the United States and England (4,5). The reasons for these
variations are highly complex and multifactorial; for example,
variations in the prevalence of traditional cardiac risk factors
are partially attributable to differences in the socioeconomic
characteristics and ethnic mix of residents in different health
regions of Canada. Different rates of angioplasty and bypass
surgery are due to differences across provinces in the levels of
investment in cardiac procedures by various provincial governments, who have historically made these decisions without the
benefit of comparative information on rates of intervention in
other jurisdictions in Canada. Random variation due to
chance alone is also an important contributor to some of the
variations observed.
Although the CCORT investigators have attempted to elucidate some of the factors contributing to these variations in

TABLE 1
Topics covered in the Canadian Cardiovascular Outcomes Research Team (CCORT) Canadian Cardiovascular Atlas project
Population health

• Prevalence of cardiac risk factors
• Burden of cardiovascular disease
• Quality of life and cardiovascular disease
• Hospitalization rates for cardiovascular conditions
• Cardiovascular disease mortality

Acute myocardial infarction

• Acute myocardial infarction treatments (eg, thrombolytics, secondary prevention, cardiac procedures)
• Acute myocardial infarction outcomes (eg, mortality, readmission rates)
• Effects of socioeconomic status and geography on acute myocardial infarction procedure rates and outcomes

Congestive heart failure/atrial fibrillation

• Congestive heart failure treatment (eg, angiotensin-converting enzyme inhibitors, beta-blockers)
• Use of warfarin in patients with atrial fibrillation
• Congestive heart failure outcomes (eg, mortality rates, readmission rates)
• Rates of stroke in patients with atrial fibrillation

Cardiac procedures

• Rates and outcomes of cardiac catheterization, angioplasty, bypass surgery and valve surgery

Miscellaneous

• Characteristics of physicians treating cardiovascular patients
• Cardiovascular drug prescriptions
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several chapters, a full understanding of all factors contributing
to the variations observed would require additional data collection and analyses beyond the possible scope of this project.
Administrative databases, such as the Canadian Institute for
Health Information’s Hospital Morbidity Database, are excellent resources for identifying regional variations but do not
contain enough clinical detail to permit researchers to fully
understand the variation observed. Information from the
CCORT Atlas will not enable readers to determine the ‘right
rate’ of intervention, but will show that important regional
variations exist in Canada’s health care system that require
additional attention, study, debate and intervention before a
more equitable health care system can be developed.

OBJECTIVE #2:
STIMULATING QUALITY IMPROVEMENT
INITIATIVES
The CCORT investigators hope that readers will use the information in the Atlas to develop quality improvement initiatives
within their communities and hospitals where appropriate
opportunities exist. Opportunities for improvement will probably be identified across the full continuum of cardiac care. For
example, readers who find themselves living in communities
with higher than average levels of cardiac risk factors (such as
smoking, diabetes and hypertension) may wish to work with
appropriate organizations, such as their local Heart and Stroke
Foundation chapter or their local regional health authority, to
reduce the impact of these risk factors through appropriate
community-level health promotion programs. These can
potentially be modelled after other well-known populationbased health promotion initiatives, such as the North Karelia
project in Finland (6).
Readers from other regions of Canada may be surprised to
find that they live or work in regions with suboptimal rates of
secondary prevention after an AMI. Several interventions can
potentially be undertaken in these areas. For example, hospitals serving patients in these areas may work together to implement standardized discharge orders or to develop secondary
prevention clinics where patients can have appropriate secondary prevention medications reviewed and initiated if necessary.
Other readers may find that residents of their region have
poorer access to cardiac procedures than those of other regions
in Canada. They may use the information from the Atlas to
lobby authorities at their local regional cardiovascular referral
centres to make dedicated locations available for residents of
their health region so that they can receive treatment interventions with the same timeliness as those who live closer to
these centres.
The authors of the Atlas recognize that ‘all change is local’
and have not attempted to prescribe interventions for these
variations that will work similarly all across Canada. Rather,
they hope the Atlas data will be used by local readers to determine the types of interventions that are most suitable in their
local jurisdictions. The authors are committed to producing
findings that can be used by clinician and provider organizations to improve the quality of cardiac care in Canada. We
hope to hear from readers of the Atlas about what they think of
various Atlas articles and how they have used the material in
various quality improvement initiatives. These comments may
be submitted through CCORT’s Web site (www.ccort.ca), by
e-mail to ccort@ices.on.ca or by writing to the CCORT

Investigators, c/o the Institute for Clinical Evaluative Sciences
(ICES), G106-2075 Bayview Avenue, Toronto, Ontario
M4N 3M5, fax 416-480-6048 in Toronto. Examples of successful initiatives will be posted on the CCORT Web site so that
other interested parties can learn from these ‘best practices’.

OBJECTIVE #3:
IDENTIFYING AREAS IN NEED OF FUTURE
CARDIOVASCULAR RESEARCH IN CANADA
The Atlas brings together a diverse team of investigators from
across Canada in an effort to address a number of important
clinical, health services and population health topics regarding
the burden of cardiac disease and outcomes of cardiac patients
across Canada. Nevertheless, the authors recognize that it is
not possible to address all possible dimensions of cardiac care
in 24 articles and that much future research is needed. We
hope that the Atlas will be used by the Canadian research community as a source for identifying gaps in cardiovascular
research that warrant further study in the years ahead.
Additional publications from the CCORT group are also
planned that will integrate and expand beyond many of the
topics covered in the Atlas series.

OBJECTIVE #4:
INCREASED SUPPORT FOR FUNDING OF
INTERDISCIPLINARY OUTCOMES RESEARCH
TEAMS AND LARGE POPULATION-BASED
CLINICAL AND ADMINISTRATIVE DATABASES
The creation of CCORT and its Canadian Cardiovascular Atlas
project was made possible through large operating grants from
the Canadian Institutes of Health Research (CIHR)
Interdisciplinary Health Research Team program and the
Heart and Stroke Foundation Research Fund. CCORT’s home
institute within CIHR is the Institute for Circulatory and
Respiratory Health with CCORT’s research of relevance to
many of the 12 other institutes that make up CIHR.
CCORT consists of more than 30 cardiovascular outcomes
researchers from five provinces across Canada (Nova Scotia,
Quebec, Ontario, Alberta and British Columbia), who are
working on a series of projects, including the Atlas, to measure
and improve the quality of cardiac care across Canada. The
CCORT investigators hope that the Atlas will be recognized as
an important example of the value of CIHR’s novel approach
of bringing together well-established and new researchers from
different disciplines (for example, medicine, surgery, statistics,
computer science and economics) and regions of Canada to
work collaboratively to achieve a final product that is much
more substantial than can be achieved by an individual investigator alone. Cardiovascular outcomes research covering the
clinical, health services and population health pillars of
CIHR’s research agenda has historically suffered from underfunding and a shortage of personnel in Canada. We hope that
the publication of the Atlas will stimulate funding agencies and
policy-makers to increase their investments in this oft-neglected
area of research so that further improvements in Canada’s cardiac care delivery system can be achieved.
The publication of the Atlas draws on a number of unique
Canadian survey, clinical and administrative databases, including data from Statistics Canada’s Canadian Community
Health Survey, the Canadian Institute for Health
Information’s Hospital Morbidity Database and various
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Services and Outcomes Research, Queen Elizabeth II Health Sciences Centre, Dalhousie University, Halifax, Nova Scotia
Mark Eisenberg MD MPH, Jewish General Hospital, McGill University, Montreal, Quebec
Gordon Flowerdew MSc DSc, Department of Community Health and Epidemiology, Dalhousie University, Halifax, Nova Scotia
Michelle M Graham MD FRCPC, Division of Cardiology, University of Alberta, Edmonton, Alberta
Gregory M Hirsch MD FRCSC, Division of Cardiac Surgery, Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia
Karin H Humphries MSc MBA DSc, Division of Cardiology, Department of Medicine, University of British Columbia, Centre for
Health Evaluation and Outcomes Sciences, Vancouver, British Columbia
Janet E Hux MD SM FRCPC, Institute for Clinical Evaluative Sciences, Department of Medicine, University of Toronto, Clinical
Epidemiology and Health Care Research Program, Sunnybrook and Women’s College Health Sciences Centre, Toronto, Ontario
Cynthia Jackevicius BScPhm MSc FCSHP, University Health Network, Toronto General Hospital, Department of Pharmacy and
Women’s Health Program, Faculty of Medicine and Faculty of Pharmacy, University of Toronto, Institute for Clinical Evaluative
Sciences, Toronto, Ontario
Lois A Jackson MA PhD, School of Health and Human Performance, Faculty of Health Professions, Dalhousie University, Halifax,
Nova Scotia
Helen L Johansen PhD, Health Division, Statistics Canada, Ottawa, Ontario
Kathryn King RN PhD, Faculty of Nursing, Department of Community Health Sciences, Faculty of Medicine, University of Calgary,
Calgary, Alberta
Merril L Knudtson MD, Division of Cardiology, Department of Medicine, University of Calgary and the Foothills Medical Centre,
Calgary, Alberta
Andreas Laupacis MD MSc, Institute for Clinical Evaluative Sciences, Division of General Internal Medicine and the Clinical
Epidemiology and Health Care Research Program, Department of Medicine, Sunnybrook and Women’s College Health Sciences
Centre, University of Toronto, Toronto, Ontario
Peter Liu MD FRCPC, Departments of Medicine and Physiology, Toronto General Hospital-University Health Network, Heart and
Stroke/Richard Lewar Centre of Excellence, University of Toronto, Toronto, Ontario
Douglas G Manuel MD MSc FRCPC, Institute for Clinical Evaluative Sciences, Department of Public Health Sciences, Faculty of
Medicine, University of Toronto, Toronto, Ontario
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Michael Wolfson, Statistics Canada, Ottawa, Ontario

provincial databases, such as the Improving Cardiovascular
Outcomes in Nova Scotia (ICONS), Alberta Provincial
Project for Outcomes Assessment in Coronary Heart Disease
(APPROACH) cardiac procedure registries, Ontario
Myocardial Infarction Database and Quebec AMI Database,
among many others (7-10). The authors thank all of the many
people across Canada who have participated in the collection
of the data used in the Atlas, along with the data custodians
who permitted the use of their data sets for this project.
Canada is at a crossroads in which fundamental decisions
are being made about the need to balance patients’ rights to
privacy and confidentiality regarding their health information
with the need to allow anonymized data to be gathered and
4

used by researchers and policy-makers to monitor and improve
the health system. The CCORT Atlas provides an important
example of how large linkable anonymized population-based
databases can be used to strengthen Canada’s health system
and benefit the health of Canadians. Very strict privacy and
confidentiality procedures were used throughout the production of the Atlas.
The publication of the Atlas will highlight the potential
benefits of developing a national cardiovascular surveillance
system that would permit Atlas-like research to continue and
expand into the future (1). To date, the federal and provincial
governments have not made the investments necessary to
develop such a system, which is potentially putting the health
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and well-being of Canadians at risk, as noted in a recent report
by the Auditor General of Canada (11). A national cardiovascular surveillance system, in which leading academic
researchers work with governmental agencies with support
from national funding organizations, would go a long way
toward creating a more effective and accountable cardiac
health care system for all Canadians. A well-funded national
surveillance system would permit researchers the opportunity
to gather the additional data necessary to fully understand the
determinants of regional variation in the outcomes of cardiac
patients in Canada and to conduct the fundamental methodological research that is necessary to achieve further advances
in this field.

THE ROMANOW AND KIRBY
HEALTH CARE COMMISSIONS
The recent publication of health care reform reports from both
the Romanow and Kirby health care commissions have highlighted the need for more accountability in the Canadian
health care system, and more research to guide and improve
access to and quality of care in Canada (12,13). The CCORT
Atlas is one of the most comprehensive cross-Canada health
care evaluation studies ever to be published and we hope that
it will serve as a template for the type of national research that
is much needed in Canada. We hope that governments across
Canada will see fit to support important national research initiatives so that national atlases and reports will be developed
not only for cardiac disease but also for a wide spectrum of
chronic conditions that affect the health and livelihood of millions of Canadians.

SUMMARY
The CCORT Canadian Cardiovascular Atlas Project was developed to provide Canadians with a national report on the state
of cardiovascular health, care and outcomes. This report is different from others in that it brings together information from
many sources into a series of articles that we hope will stimulate
debate and change throughout Canada’s health care system. To
reach as many interested Canadians as possible, a multifaceted

‘knowledge transfer’ research dissemination plan is being
devised. The upcoming publication of the research in The
Canadian Journal of Cardiology marks the first phase of the dissemination process and the release of the research into the
public domain. We anticipate that the publication of the Atlas
will be an important milestone in the evolution of cardiac care
in Canada, leading to a more effective, transparent, and equitable health and cardiac care system for all Canadians.
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The Canadian Cardiovascular Atlas project, an initiative of the
Canadian Cardiovascular Outcomes Research Team (CCORT), will
be published as a series of 24 articles in future issues of The Canadian
Journal of Cardiology. Through a wide range of data sources and analyses from a number of collaborators across Canada, the CCORT Atlas
will provide a comprehensive overview of the current state of cardiac
care and disease in Canada. Administrative data, clinical registries
and community survey data will be analyzed at the provincial and
health region levels. The purposes of this article are to 1) provide an
overview of the data types and sources used in the Atlas project,
2) give a general description of the methods and analyses used to
report Atlas data and 3) describe how Atlas maps were created and
how they can be interpreted.

Aperçu des méthodes et des données utilisées
dans l’Atlas cardiovasculaire canadien
L’Atlas cardiovasculaire canadien, initiative de l’Équipe canadienne de
recherche en services cardiovasculaire, sera publié en une série de
24 articles dans les prochains numéros du Journal canadien de
cardiologie. S’appuyant sur un large éventail de sources de données et sur
des analyses faites par un certain nombre de collaborateurs partout au
Canada, l’Atlas dressera un tableau complet de la situation actuelle en ce
qui concerne les soins et les maladies cardiovasculaires au Canada. Les
données administratives, les registres cliniques et les données d’enquêtes
communautaires seront analysés aux niveaux des provinces et des régions
sanitaires. Le présent article vise trois objectifs : donner un aperçu des
types et des sources de données utilisés dans l’Atlas; décrire globalement
les méthodes et les analyses utilisées pour consigner les données de
l’Atlas; expliquer la façon dont les cartes de l’Atlas ont été dressées et la
façon de les interpréter.

Key Words: Administrative data; Atlas; Canada; Cardiovascular
disease; Small area variation

he Canadian Cardiovascular Atlas project, an initiative of
the Canadian Cardiovascular Outcomes Research Team
(CCORT), is a comprehensive national report on the state
of cardiovascular health and health services across Canada.
The Atlas material will be published as a series of 24 articles
in future issues of The Canadian Journal of Cardiology. An
earlier paper in this Journal provided an overview of upcoming topics and described the rationale and objectives of the
Atlas project (1).
The Atlas project was produced through the combined
effort of over 30 CCORT investigators, programmers, research
coordinators and other collaborators from across Canada. The
extensive clinical and research expertise of team members,
combined with a willingness to share multiple data sources,
enabled the Atlas team to conduct a more detailed and wider
range of analyses than has ever been done before in cardiovascular outcomes research in Canada. While each article will

T

describe methods specific to that particular study, the purpose
of this article is to
1) Describe the data sources used in the Atlas project;
2) Summarize the major types of analyses conducted;
3) Explain how health regions were defined and how maps for
cardiovascular disease in Canada were created;
4) Outline data privacy and confidentiality procedures used
throughout the Atlas project.

DATA SOURCES
The Atlas used three major types of data sources: administrative databases, clinical registries and population-based surveys.
Table 1 provides a list of the major databases used in the Atlas
project.

A complete list of CCORT investigators is published at www.ccort.ca
for Clinical Evaluative Sciences, Toronto; 2Division of General Internal Medicine and the Clinical Epidemiology and Health Care
Research Program, Department of Medicine, Sunnybrook and Women’s College Health Sciences Centre, University of Toronto, Toronto,
Ontario
Correspondence and reprints: Dr Jack V Tu, Institute for Clinical Evaluative Sciences, G106-2075 Bayview Avenue, Toronto, Ontario
M4N 3M5. Telephone 416-480-4700, fax 416-480-6048, e-mail tu@ices.on.ca
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TABLE 1
Major databases used in the Canadian Cardiovascular Atlas project
Database

Type of data

Years

Description

APPROACH

Clinical registry or

1995/96 to

Clinical data capturing cardiac catheterization patients in Alberta (since 1995),

surveillance

1999/2000

BC Cardiac Registries

Clinical registry

1995/96 to

BC PharmaCare Plan

Administrative

1996/97 to

BC (since 1999) and Saskatchewan (since 2000)
BC provincial registry for cardiac surgery, pacemaker and angioplasty procedures

1999/2000

and, as of May 1999, diagnostic catheterization procedures
Data from the provincial drug insurance program for BC; eligible people are

1998/99

seniors (aged 65 and over), long-term care residents, social assistance recipients
and families with costs exceeding a set deductible

Canadian Community

Survey

September 2000 to

Administrative

1995 to 1997

The national registry of deaths in Canada, consolidated from provincial vital

Administrative

1994/95 to

Data collected for all provinces except Quebec and parts of Manitoba from hospital

Health Survey
Canadian Mortality

Population survey data capturing health determinants, health status and health

October 2001

system use variables for all 136 Canadian health regions

Database
CIHI DAD

statistics data
1999/2000

discharge summaries containing demographic information and diagnostic,
procedural and comorbidity codes

CIHI Hospital Morbidity

Administrative

Database

1994/95 to

Data downloaded from the CIHI DAD (most provinces) or submitted by the provincial

1999/2000

ministry of health for all provinces in Canada; patient separations from a hospital,
listed by primary diagnoses, for all provinces and territories

ECHO

Clinical or chart review

1997 to 1998

Clinical data (chart review) of a sample of first CHF admissions from 14 hospitals in

EFFECT

Clinical or chart review

1999 to 2001

Clinical data (chart review) of a sample of acute myocardial infarction and CHF

FASTRAK II

Clinical registry

January 2000 to

Clinical data (patients with acute myocardial infarction) from participating Canadian

ICONS

Clinical registry

October 1997 to

IMS Health Canada

Administrative

February 1996 to

Ontario
patients from 104 hospitals in Ontario
2001/02

coronary care units or cardiac wards
Clinical data (primary chart audit) on all Nova Scotia residents hospitalized with

April 2002
Compuscript Audit

acute coronary syndrome, CHF and atrial fibrillation
Data on the number of prescriptions dispensed by over 4400 Canadian pharmacies

January 2002

(nearly two-thirds of all retail pharmacies in Canada)

Database
Maritime Heart Centre

Clinical registry

Cardiac Surgery Database

March 1995 to

Detailed prehospital, in-hospital and postoperative information on all patients under-

1999/2000

Med-Echo

Administrative

1997/98 to

ODB

Administrative

1997/98 to

going cardiac surgery at a Halifax, Nova Scotia, hospital
Clinical and demographic data for acute care Quebec CVD inpatients

1999/2000
Data from the provincial drug insurance program for Ontario; eligible people are

1999/2000

seniors (aged 65 and over), long-term care residents, and home care and social
assistance recipients

RAMQ

Administrative

1997/98 to

Data from the provincial drug insurance program for Quebec; eligible people are

1999/2000

seniors (aged 65 and over), recipients of employment assistance or those without
access to group insurance

Statistics Canada Census

Census

1991

Information about Canada’s demographic, social and economic characteristics

APPROACH Alberta Provincial Project on Outcome Assessment in Coronary Heart Disease; BC British Columbia; CHF Congestive heart failure; CIHI Canadian
Institute for Health Information; CVD Cardiovascular disease; DAD Discharge Abstract Database; ECHO Evaulation of Congestive Heart Failure Outcomes;
EFFECT Enhanced Feedback for Effective Cardiac Treatment; ICONS Improving Cardiovascular Outcomes in Nova Scotia; IMS Intercontinental Medical Statistics;
ODB Ontario Drug Benefits; RAMQ La Régie de l’assurance maladie du Québec

Administrative data
Government agencies collect administrative health data for
monitoring and financial purposes, such as auditing, remuneration of physicians, resource allocation, total quality management and comparative analysis. Data elements generally
include demographic data, admission and discharge information, and codes for patient diagnoses, treatments and medical
procedures performed. One of the major shortcomings of
administrative databases is the lack of detailed information on
clinical risk variables. Furthermore, data are not collected primarily for the purpose of research and can include coding
errors and missing or ambiguous information. In contrast,
potential benefits of administrative data are relatively low cost

compared with primary data collection, availability of populationbased information in many jurisdictions, large sample sizes,
long-term follow-up, ability to link to other databases and ready
availability because they are necessarily collected for administrative purposes (2,3). Furthermore, several previous studies
suggest that administrative data, in general, are a reliable way
for health services researchers to study the Canadian health
care system (4).
Since the late 1980s, several studies have specifically
evaluated the accuracy of cardiac coding in Canadian
administrative databases either through chart reabstraction
or by comparison with another data source (eg, clinical registry). Table 2 summarizes this literature, including the study
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TABLE 2
Summary of Canadian studies that have validated the accuracy of cardiac diagnoses or procedures in administrative data
First author,
year (reference)
province

Comparison
Construct
data

ICD-8/9
codes

Diagnosis

Specificity/
Agreement sensitivity
(%)
(%)

Design of validation component

Hospital discharge data compared with data from other sources
Austin, 2002 (5)

MRD

Ontario

Clinical

410

AMI

registry

427

Arrhythmia

–

97.8/60.7

92.8/88.8

Most responsible CIHI discharge diagnosis was compared
with the FASTRAK II CCU discharge diagnosis

428

CHF

96.8/58.5

(n=58,816) for AMI (primary goal) and arrhythmia, CHF,

786.5

Chest pain

94.2/44.4

unstable angina and chest pain NYD (secondary goal)

411/413

Unstable

93.9/57.9

angina
Jha, 1996 (7)
Ontario

Death

Clinical

rates

trials

410

AMI

–

93.6/100

Administrative data (Hospital Medical Records Institute)
on admissions and mortality from AMI were linked to
GUSTO I (n=1414) and LATE trial data (n=249);
comparability of death rates was examined

Rawson, 1995 (10) Discharge
Saskatchewan

Roos, 1989 (11)
Manitoba

Roos, 1991 (3)
Manitoba

diagnosis

Physician
claims

410

AMI

69.3

–

IHD patients were identified in the administrative data file

411

Acute IHD

14.6

and compared with matching physician claims (n=4402)

413

Angina

70.0

and abstracted medical charts (n=200) (see below)

414

Chronic IHD

55.6

Discharge

Physician

414, 411,

CABG

82.1

diagnoses

claims

413
61.4

424, 394,

Heart valve

stays

414

replacement
CVD

Clinical

Not

bidities

database

defined

Validity of physician claims for a particular surgery were
compared with hospital discharge abstracts for the stay

for surgical
Comor-

–

in which the surgery took place

–

92.0/43.0

The validity of comorbidity data was examined for several
diseases including CVD; Manitoba claims data (hospital
discharge abstracts) were compared with a clinical database at a large Winnipeg hospital

Reabstraction of hospital discharge data
Rawson, 1995 (10) Discharge
Saskatchewan

–

410

AMI

96.9

–

diagnosis

IHD patients were identified in the administrative data file
and compared with matching physician claims (n=4402)
(see above) and abstracted medical charts (n=224)

Cox, 1997 (6)

MRD

–

410

AMI

88.4

–

Ontario

475 charts (randomly selected from 16 hospitals) related
to AMI were abstracted twice using a checklist with
simplified MONICA criteria and compared with CIHI
diagnosis of AMI

Humphries,

Comor-

2000 (12)

bidities

–

410, 412

Prior MI

428

CHF

–

94.8/66.1
88.3/82.9

British Columbia
Levy, 1999 (8)
Quebec

Primary

–

410

AMI

96

–

discharge
Primary

1990 (13)

discharge

Ontario

diagnosis

Nova Scotia
Saskatchewan

were compared with chart review data collected in PCI
patients (n=817)

Discharge
diagnosis

A random sample of records with a primary discharge
diagnosis of MI (n=234) was compared with medical

diagnosis
van Walraven,

Comorbidity data derived from an administrative database

charts in six Montreal hospitals (patients 65 and older)
–

410

AMI

79.4

–

209 consecutive charts with a primary diagnosis of 410
(on the fact sheet) were reviewed in a Toronto hospital

–

410

AMI

(ICD 8/9)

CVD Epidemiology

≥86.7

Approximately 250 charts in each province (random
sample) were reviewed to estimate the false-positive

negative

rate for an AMI discharge diagnosis; 500 charts with

≤8.4)

Group, 1992 (9)

–

(false

411 to 414 diagnoses were reviewed to determine the
AMI false-negative rate

AMI Acute myocardial infarction; CABG Coronary artery bypass graft surgery; CCU Coronary care unit; CHF Congestive heart failure; CIHI Canadian Institute for
Health Information; CVD Cardiovascular disease; GUSTO I Global Utilization of Streptokinase and t-PA for Occluded Coronary Arteries 1; ICD International
Classification of Diseases; IHD Ischemic heart disease; LATE Late Assessment of Thrombolytic Efficacy; MI Myocardial infarction; MONICA Monitoring trends and
determinants in Cardiovascular disease; MRD Most responsible diagnosis; NYD Not yet diagnosed; PCI Percutaneous coronary intervention

design and the reported level of diagnostic agreement or
specificity and sensitivity of the administrative data evaluated. In general, acute myocardial infarction was the most
well studied and accurately coded diagnosis, producing diagnostic agreement or specificity and sensitivity estimates of
90% or more (5-13).
8

Hospital discharge data
Hospital discharge data were the most common administrative
data sources used in the Atlas project and were obtained from
two sources: 1) the Canadian Institute for Health Information
(CIHI) Discharge Abstract Database (DAD) and 2) the CIHI
Hospital Morbidity Database (HMDB).
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TABLE 3
Standard ICD-9-CM codes used to identify cardiovascular
hospitalizations in the CCORT Canadian Cardiovascular
Atlas

TABLE 5
Canadian population in 1991* by age and sex
Age group
(years)

Males

Females

Combined

% of total
population

ICD-9-CM codes
(at least one of those below)

0 to 04

1,002,469

955,983

1,958,452

7.0

Disease category

05 to 09

991,363

942,483

1,933,846

6.9

Cardiovascular disease

390 to 459

10 to 14

973,036

924,828

1,897,864

6.8

Ischemic heart disease

410 to 414

15 to 19

991,216

936,776

1,927,992

6.9

Congestive heart failure

428.x (428.0 to 428.9)

20 to 24

1,062,179

1,025,803

2,087,982

7.4

Hypertensive disease

401 to 405

25 to 29

1,269,802

1,237,171

2,506,973

8.9

Cerebrovascular disease

430 to 438

30 to 34

1,298,896

1,283,628

2,582,524

9.2

Stroke

430 to 432, 434, 436

35 to 39

1,172,240

1,173,175

2,345,415

8.4

Valvular disease

394 to 397, 424.0 to 424.3

40 to 44

1,068,117

1,060,889

2,129,006

7.6

Acute myocardial infarction

410.x (410.0 to 410.9)

45 to 49

843,971

829,574

1,673,545

6.0

Angina

411, 413

50 to 54

674,865

667,664

1,342,529

4.8

Chest pain

786.5

55 to 59

616,524

618,932

1,235,456

4.4

60 to 64

580,049

612,026

1,192,075

4.3

65 to 69

498,715

588,125

1,086,840

3.9

70 to 74

364,884

470,852

835,736

3.0

75 to 79

255,989

367,465

623,454

2.2

80 to 84

142,435

240,600

383,035

1.4

85 to 89

62,274

130,485

192,759

0.07
0.03

CCORT Canadian Cardiovascular Outcomes Research Team; ICD-9-CM
International Classification of Diseases, ninth revision, Clinical Modification
(23)

TABLE 4
Standard CCP codes used to identify cardiac procedures
in the CCORT Canadian Cardiovascular Atlas
Procedure

CCP codes (at least one
of those below)

Percutaneous coronary intervention

48.02, 48.03, 48.09

CABG

48.11 to 48.19

Isolated valve surgery

47.12, 47.22 to 47.25,

Combined valve or CABG

one of 47.12, 47.22 to 47.25,

≥90

25,468

69,913

95,381

Total

13,894,492

14,136,372

28,030,864

*This standard population was used for age and sex adjustments in many
Atlas analyses. Source: Statistics Canada

47.31 to 47.33
47.31 to 47.33
and one of 48.11 to 48.19
CABG Coronary artery bypass graft surgery; CCORT Canadian
Cardiovascular Outcomes Research Team; CCP Canadian Classification of
Diagnostic, Therapeutic, and Surgical Procedures (24)

The DAD contains information about inpatient hospital
discharges and same-day surgeries from all hospitals across
Canada (except in Quebec and parts of Manitoba) (14,15).
Approximately 75% of all hospital inpatient discharges in
Canada (about 4.3 million records annually) are represented in
this database (15). The HMDB has a smaller subset of the
information contained in the DAD, but includes information
from all 10 Canadian provinces. The HMDB provides a count
of patient separations (through discharge or death) from each
hospital, categorized by the primary disease diagnosis (15).
Clinical registries
Clinical registries or databases contain precise and detailed
information about diagnoses and clinical risk variables; however, their major drawback is the expense of development and
maintenance (16). Although clinical registries vary in the
scope of their data collection, most prospectively or retrospectively collect detailed information on patients, including preexisting medical conditions, current diagnoses and
demographic information. By definition, a clinical database
contains well defined, discrete and continuous data elements
that are routinely recorded and coupled with outcome descriptors (17). Some registries are population-based (eg, all patients
in a province undergoing catheterization), while others are voluntary at either the patient level or the hospital level (ie, the

decision to participate in data collection is made by the individual or, in the case of provincial or national registries, by a
hospital). Clinical databases used by the Atlas project include
the Alberta Provincial Project on Outcome Assessment in
Coronary Heart Disease database (18), the Improving
Cardiovascular Outcomes in Nova Scotia database (19) and
the Enhanced Feedback for Effective Cardiac Treatment database. Clinical databases were not available for every province;
thus, in several cases, Atlas studies compared the characteristics of patients in only a few provinces.
Population health surveys
Population-based health surveys ask specific questions of
health system users and are useful in health services research to
establish the health needs and practices of a population at a
given point in time (ie, they provide a ‘snapshot’ of a population’s health experience) (20). Population-based surveys are
subject to bias because they rely on self or proxy report and the
voluntary participation of randomly selected participants.
The Canadian Community Health Survey (CCHS) Cycle
1.1 (21) was used in the population health section of the
CCORT Atlas. Conducted by Statistics Canada, the CCHS
aims to provide ongoing estimates of health determinants,
health status and health system use across the country.
Covering approximately 98% of the Canadian population aged
12 years or older, the CCHS randomly selected one, and in
some cases two, respondents per household. The total sample
size for Cycle 1.1 was 131,535 household respondents, representing a response rate of 84.7% (22). The CCHS data used in
the Atlas were from the first collection cycle, September 2000
to November 2001. The complete survey instrument is available on the Statistics Canada Web site (www.statcan.ca) (21).
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TABLE 6
Definition of health regions for Atlas time period (28,30)
Based on provincial
administrative boundary?

Number
of health
regions

Health region changes
since March 2000*

Province or territory

How health region was defined

Newfoundland/Labrador

Health and community services regions

Yes (implemented 1994)

6

None

Prince Edward Island

Urban and rural division

No†

2

None

Nova Scotia

Health zones

Yes†‡

6

None

New Brunswick

Regional health corporations

Yes (1992 to April 1, 2002)

7

Same boundaries, one additional

Quebec

Regional health authorities/Régies

Yes (implemented 1989)

Ontario

Public health units

No§

37

None

Manitoba

Regional health authorities

Yes (1997 to June 30, 2002)

12

Amalgamation of Marquette and South

Saskatchewan

Service areas (groupings of

No†

11

April 1, 2002: 12 regional health

regional health authority board
18

None

régionales de la santé et des services sociaux

Westman to Assiniboine
the health districts)

authorities replace 32 health district
boards

Alberta

Regional health authorities

Yes (established 1994)

17

May 2002: announced regional health
authorities will be reduced to 5 to 7
by 2004

British Columbia

Regional health boards

Yes (established 1993)

20

Yukon Territory

Not regionalized

–

1

Northwest Territories

Not regionalized

–

1

Nunavut

Not regionalized

–

1

In 2002, boundaries changed to
16 health service delivery areas

*Most data used in the Canadian Cardiovascular Outcomes Research Team Atlas project did not go beyond March 31, 2000; †Statistics Canada created their own
health regions for Prince Edward Island, Nova Scotia and Saskatchewan because legislated health regions in these provinces were relatively small and may not
have been comparable with other Canadian health regions. New health regions were related, but not identical, to existing provincial administrative regions; ‡In Nova
Scotia, three district health authorities were amalgamated with a neighbouring authority; §Health care in Ontario is administered and delivered by the province
(ie, not by regional health authorities)

METHODOLOGICAL OVERVIEW
AND TECHNICAL TERMS
Atlas cohorts were generated using a subset of selected
International Classification of Diseases, ninth revision, Clinical
Modification (ICD-9-CM) codes (23) and Canadian
Classification of Diagnostic, Therapeutic and Surgical Procedures
(CCP) codes (24). Tables 3 and 4 show the standardized
CCORT ICD-9-CM and CCP codes used to identify cardiovascular hospitalizations and procedures. All data in the Atlas
were analyzed according to the fiscal year. For example, the fiscal year for 1998/99 is from April 1, 1998, to March 31, 1999.
Most analyses were conducted using data from 1997/98 to
1999/2000, but databases were queried back to 1992 when
required data elements were available.
Standardized analyses
Utilization analyses (ie, hospitalization rates, procedure rates)
counted all relevant procedures or hospitalizations during a
study period, even if there were two or more events per patient.
Outcome analyses (eg, mortality rates, readmission rates)
counted patients only once in the numerator and once in the
denominator. The majority of Atlas articles report regional
rates based on patient province of residence, not province of
treatment (eg, a British Columbia resident treated in Alberta
was counted in the British Columbia rate). The exception to
this rule was for cardiac procedures: outcomes for patients
treated out of province were attributed to the province of
treatment, not residence.
Hospitalizations were regarded as ‘episodes of care’, ie, if an
admission took place less than 24 h after the previous discharge,
10

the two hospital stays were considered to be the same episode
of care. This was done to ensure an accurate reflection of the
follow-up period and to prevent the counting of transfers as
readmissions.

TYPES OF ANALYSES
Observed or crude rates
An observed or crude rate represents the ‘actual’ experience of
a population and is not adjusted for any factors that may affect
the outcome, such as age, sex and disease comorbidities. Crude
rates are summary measures and are useful for health planning
and resource allocation purposes.
Age-sex-standardized versus risk-adjusted rates
To make comparisons across regions in Canada, most rates
were also adjusted for potentially confounding factors. Some
Atlas analyses used only age-sex adjustment, while others
adjusted for several potential confounders, such as comorbid
conditions (termed risk-adjusted). In general, there was a
very high correlation between age-sex-standardized and riskadjusted rates at the health region level. Use of age-sex
adjustment alone allowed for inclusion of Quebec and
Manitoba data in many Atlas studies even though their
administrative data did not distinguish comorbidities from
complications.
One method used for adjustment of rates was direct standardization. The purpose of direct standardization is to compare rates between regions as if they had similar population
compositions. Rates calculated by direct standardization do
not necessarily reflect the actual or crude rate in a population.
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1001
1002
1003
1004
1005
1006

*
Newfoundland and Labrador (10)
Health and Community Services St. John’s Region
Health and Community Services Eastern Region
Health and Community Services Central Region
Health and Community Services Western Region
Grenfell Regional Health Services Board
Health Labrador Corporation

1101
1102

Prince Edward Island (11)*
Urban Health Region
Rural Health Region

1201
1202
1203
1204
1205
1206

Nova Scotia (12)*
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5
Zone 6

1301
1302
1303
1304
1305
1306
1307

New Brunswick (13)*
Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7

2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418

Quebec (24)*
Région du Bas-Saint-Laurent
Région du Saguenay - Lac-Saint-Jean
Région de Québec
Région de la Mauricie et Centre-du-Québec
Région de l’Estrie
Région de Montréal-Centre
Région de l’Outaouais
Région de l’Abitibi-Témiscamingue
Région de la Côte-Nord
Région du Nord-du-Québec
Région de la Gaspésie-Îles-de-la-Madeleine
Région de la Chaudière-Appalaches
Région de Laval
Région de Lanaudière
Région des Laurentides
Région de la Montérégie
Région du Nunavik
Région des Terres-Cries-de-la-Baie-James

3526
3527
3530
3531

Ontario (35)*
Algoma Public Health Unit
Brant Public Health Unit
Durham Public Health Unit
Elgin-St Thomas Public Health Unit

3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544
3545
3546
3547
3549
3551
3552
3553
3554
3555
3556
3557
3558
3560
3561
3562
3563
3565
3566
3568
3570
3595

Bruce-Grey-Owen Sound Public Health Unit
Haldimand-Norfolk Public Health Unit
Haliburton-Kawartha-Pine Ridge Public Health Unit
Halton Public Health Unit
Hamilton-Wentworth Public Health Unit
Hastings and Prince Edward Public Health Unit
Huron Public Health Unit
Kent-Chatham Public Health Unit
Kingston-Frontenac-Lennox and Addington Public Health Unit
Lambton Public Health Unit
Leeds-Grenville-Lanark Public Health Unit
Middlesex-London Public Health Unit
Muskoka-Parry Sound Public Health Unit
Niagara Public Health Unit
North Bay Public Health Unit
Northwestern Public Health Unit
Ottawa Carleton Public Health Unit
Oxford Public Health Unit
Peel Public Health Unit
Perth Public Health Unit
Peterborough Public Health Unit
Porcupine Public Health Unit
Renfrew Public Health Unit
Eastern Ontario Public Health Unit
Simcoe Public Health Unit
Sudbury Public Health Unit
Thunder Bay Public Health Unit
Timiskaming Public Health Unit
Waterloo Public Health Unit
Wellington-Dufferin-Guelph Public Health Unit
Windsor-Essex Public Health Unit
York Public Health Unit
City of Toronto Public Health Unit

4610
4615
4620
4625
4630
4640
4650
4655
4660
4670
4680
4690

Manitoba (46)*
Winnipeg
Brandon
North Eastman
South Eastman
Interlake
Central
Marquette
South Westman
Parkland
Norman
Burntwood
Churchill

4701
4702
4703
4704

Saskatchewan (47)*
Weyburn (A) Service Area
Moose Jaw (B) Service Area
Swift Current (C) Service Area
Regina (D) Service Area

4705
4706
4707
4708
4709
4710
4711

Yorkton (E) Service Area
Saskatoon (F) Service Area
Rosetown (G) Service Area
Melfort (H) Service Area
Prince Albert (I) Service Area
North Battleford (J) Service Area
Northern Health Services Branch (K) Service Area

4801
4802
4803
4804
4805
4806
4807
4808
4809
4810
4811
4812
4813
4814
4815
4816
4817

Alberta (48)*
Chinook Regional Health Authority
Palliser Health Authority
Headwaters Health Authority
Calgary Regional Health Authority
Health Authority #5
David Thompson Regional Health Authority
East Central Health Authority
WestView Regional Health Authority
Crossroads Regional Health Authority
Capital Health Authority
Aspen Regional Health Authority
Lakeland Regional Health Authority
Mistahia Regional Health Authority
Peace Regional Health Authority
Keeweetinok Lakes Regional Health Authority
Northern Lights Regional Health Authority
Northwestern Regional Health Authority

5901
5902
5903
5904
5905
5906
5907
5908
5909
5910
5911
5912
5913
5914
5915
5916
5917
5918
5919
5920

British Columbia (59)*
East Kootenay
West Kootenay-Boundary
North Okanagan
South Okanagan Similkameen
Thompson
Fraser Valley
South Fraser Valley
Simon Fraser
Coast Garibaldi
Central Vancouver Island
Upper Island/Central Coast
Cariboo
North West
Peace Liard
Northern Interior
Vancouver
Burnaby
North Shore
Richmond
Capital

6001

Yukon Territory

6101

Northwest Territories

6201

Nunavut

*This is the province prefix, in some geographically small health regions just the last 2 digits of the health region number appear (e.g. In Quebec, health region 2416 is labeled 16).

Figure 1) Health regions (corresponding to numbers above) used in the Canadian Cardiovascular Outcomes Research Team Canadian
Cardiovascular Atlas by population size, 1996

Most direct standardized rates in the Atlas were calculated
using the 1991 Canadian population as the standard population (see Table 5 for the 1991 population breakdown by age
and sex group). This is consistent with publications by other
organizations (25) and is the standard currently used by Health
Canada (26). For certain outcome analyses, the age-sex distribution in the overall study cohort was used as the standard
population.
Another method used for rate adjustment was model-based
indirect standardization, using a regression model. First,
expected rates for regions were calculated using a model that
best predicted the outcome of interest. Then for each region,
the crude rates were divided by expected rates and multiplied
by the overall Canadian average. Resulting rates are considered ‘risk-adjusted’ and can be interpreted as the rates that
would occur if all the time periods or regions of interest had
similar case mixes.
Hospitalization rates
A hospitalization rate is a measure of the number of patient
admissions into hospital for a designated condition, such as a

myocardial infarction. Hospitalization rates are useful for comparing regional use of resources and as a proxy measure of disease burden in a region.
In-hospital mortality rates
In-hospital mortality is a measure of the number of in-hospital
deaths that occurred within 30 days of admission to hospital
for the condition of interest (index admission). In-hospital
mortality is often used as a quality of care marker for the acute
treatment of myocardial infarction or other condition.
Readmission rates
Readmissions rates relate to patients who survived their initial
hospitalization but returned to hospital at least once within
30 days, 90 days or one year of their index admission. To calculate Atlas readmission rates, only patients who survived their
initial hospitalization were included in the denominator. A
readmission rate is a good indicator of whether the efforts to
prevent secondary complications or another event, such as
myocardial infarction, ongoing chest pain and heart failure,
were successful.
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Cardiac procedure rates
Cardiac procedure (ie, utilization) rates represent the total number of people in a health region or province undergoing a procedure (cardiac catheterization, coronary artery bypass graft surgery,
percutaneous coronary intervention, valve surgery) per 100,000
population. The purpose of calculating procedure rates is to
understand a region’s rate of use of a particular procedure and
determine variations in clinical practice or available resources.
Median wait time
The median wait time was the time required for half the
patients to receive a procedure (coronary artery bypass graft
surgery or percutaneous coronary intervention). Median wait
times (in days) were calculated for acute myocardial infarction
patients from the point of their initial hospitalization for acute
myocardial infarction to the point of the procedure. Median
wait times are good indicators of the availability of resources
and patient access to care in a region.
Drug utilization rates
Drug utilization rates were reported for both in-hospital and
outpatient treatment phases. These rates provide feedback to
practitioners on whether treatment benchmarks are being met
and reflect the extent of regional variation in Canada.

GEOGRAPHY OF CARDIAC CARE IN CANADA
The Canadian health care system provides comprehensive coverage for medically necessary hospital inpatient and outpatient
physician services (27). With financial assistance from the federal government, each of the 10 provinces and three territories
runs its own health care system and is responsible for managing
and delivering health services in its respective region. However,
in the 1990s, with the objective of streamlining the delivery
system, most provinces partially devolved their responsibilities
to subprovincial regional health authorities (RHAs) (28).
RHAs typically have appointed or elected boards of governance
and are responsible for funding and delivering community and
institutional health services within their defined geographical
region. Depending on the province, RHAs have varied scopes
of responsibilities and differ in terms of geographical and population size (28).
Regional level analyses in the CCORT Canadian
Cardiovascular Atlas (including maps) used the 139 Statistics
Canada-defined ‘health regions’ from December 2001, which,
for most provinces, are based on the geographical boundaries of
RHAs (29). Health regions for British Columbia were the 20
health service delivery areas in existence in January 2002
(before the health service redesign later in 2002). Health
regions in Ontario were defined as public health units (PHUs),
not district health councils, in order to provide as much detail
as possible (district health councils have greater geographical
areas than PHUs). Recent consultations with Ontario stakeholders have indicated a preference for the lowest unit of
aggregation in constructing maps for Institute for Clinical
Evaluative Sciences atlases (30). PHUs and counties have similar geographical boundaries in Ontario. Table 6 provides an
overview of all provincial health regions in existence during
the Atlas study period and changes made since that time. A
master legend of all health region names and boundaries is provided in Figure 1. This map is also shaded according to the
approximate population size of each particular region.

Atlas maps
CCORT Atlas maps were created using MapInfo software
(MapInfo Corp, USA). Maps were subdivided by health region
and, where possible, rate information was displayed for every
health region in Canada. This was not possible in all cases
because of necessary exclusion of regions with known errors in
coding (eg, acute myocardial infarction cases in Newfoundland)
and regions with small sample sizes (eg, the territories). For all
provinces except Quebec and Ontario, patients were assigned to
health regions by converting their enumeration area (EA) code
(assigned by CIHI) to a health region code, using the Statistics
Canada Postal Code Conversion file. For people who were missing an EA code, and for all patients of Ontario, the first three
digits of their postal code were converted to an EA code by
using a postal code conversion program. Health region codes
were directly provided for Quebec patients.
Health regions were colour coded on the maps according to
how their regional rate compared with the Canadian average.
First, the regional rate was divided by the overall Canadian
rate to obtain a rate ratio. Then each health region was
assigned a colour based on which of the following fixed ratio
groups it fell into: minimum to less than 0.75, 0.75 to less than
0.90, 0.90 to less than 1.10, 1.10 to less than 1.30, or 1.30 or
greater. For example, a region that had a rate that was at least
30% higher than the Canadian average fell within the highest
ratio category (at least 1.30) and appeared on the map as dark
red. A region that had a rate at least 25% less than the
Canadian average fell into the lowest ratio category (less than
0.75) and appeared on the map as yellow. Regions with rates
that fell into the middle categories (0.75 to less than 0.90, 0.90
to less than 1.10, 1.10 to less than 1.30) were coloured in
sequential shades of orange. Regions shaded in grey indicated
that data were not available or were suppressed because of confidentiality issues. In the map legend, the actual rates per 100
patients or 100,000 population were presented instead of the
fixed ratio categories (ie, the range of rates that corresponded
to the cutpoints in the ratio category) to provide readers with
more usable information. However, it should be noted that,
although the actual rates were different for each map, the
underlying fixed ratio categories were identical in every map.
Fixed ratio categories used in the CCORT Atlas were first
used by the Dartmouth Atlas of Cardiovascular Health Care (31) in
the United States. Instead of using quintiles, the Dartmouth
group chose cutpoints based on clinical significance and symmetry about 1.0. Rates that vary less than 10% of expected are not
clinically meaningful variations, and those that are higher than
30% of expected values are of potential concern. The chosen
corresponding lower bounds (ie, 0.75, 0.90) are approximate
reciprocals of the upper bounds. Because the variability in the
colours on a map should reflect the variability of the data, a
major benefit of the Dartmouth approach is that if the data are
tightly clustered around the mean, the two extreme colours will
not appear on the map.

PRIVACY AND CONFIDENTIALITY
CCORT investigators are firmly committed to protecting the
privacy of all patients whose health information was used in
the production of the Atlas project. To prevent any possibility
that patients could be identified, the Atlas does not report on
1) cell sizes less than five, 2) health regions with fewer than 50
cases, 3) health regions with fewer than two hospitals serving a
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region, and 4) health regions with fewer than two physicians
serving patients in that region. Research ethics approval for
the CCORT Atlas project was received from the Sunnybrook
and Women’s College Health Sciences Research Ethics Board
and the University of Toronto. All participating investigators
signed a data privacy and confidentiality agreement as part of
the Atlas project.

CONCLUSION
The CCORT Canadian Cardiovascular Atlas used data from
the CIHI DAD, clinical registries and the CCHS.
Standardized ICD-9-CM and CCP codes were used to identify
cardiovascular hospitalizations and procedures. Major types of
analyses in the Atlas included crude and age-sex or risk-adjusted
rates for in-hospital mortality, readmission, hospitalization,

cardiac procedures and drug use. Where possible, rates were
calculated for every health region in Canada and were represented geographically in colour-coded national maps. We
hope that the methods used in the Atlas will serve as a template for future research endeavours of this nature in
Canada.
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BACKGROUND: This report updates the death estimates for cardiovascular disease (CVD) in Canada and introduces a populationbased perspective on disease prevalence and health-related quality of
life (HRQOL) burden.
METHODS: The Canadian Mortality Database was used to estimate
the mortality of men and women in different age groups for the
139 Canadian health regions from 1950 to 1999. Heart disease prevalence and its impact on HRQOL were estimated using the
2000–2001 Canadian Community Health Survey (CCHS). Life table
techniques were used to estimate the impact of heart disease on life
and health expectancy.
RESULTS: Although CVD remains the leading cause of death in
Canada, between 1950 and 1999 the death rates from CVD dropped
from 702 per 100,000 to 288 per 100,000 men, and from 562 per
100,000 to 175 per 100,000 women. Results from the CCHS indicated
that 5.4% of men and 4.6% of women reported having heart disease as
diagnosed by a medical professional. Of these individuals,
14% of men and 21% of women reported difficulty ambulating – about
six times more than people without heart disease. In total, 4.5 years of
life expectancy and 2.8 years of health expectancy were lost due to
CVD. The study also found large differences in the burden of CVD
among men and women and across the 139 Canadian health regions.
CONCLUSIONS: CVD is a major disease burden in terms of both
mortality and HRQOL and is an important source of health inequalities between populations in Canada. Any attempt to improve the
health of Canadians or to reduce health inequalities should include
interventions to reduce CVD mortality and morbidity. Given the
present impact of CVD on HRQOL, reducing or eliminating heart
disease may potentially result in an increase in life expectancy that
will be larger than the gains in health expectancy.

Key Words: Health outcomes; Life expectancy; Morbidity;
Mortality; Population health; Quality of life

revious reports such as the “2001 Health Report: How Healthy
Are Canadians?” (1) have shown that heart disease exacts a
high burden of illness on Canadians, being the leading cause of
death in women and the second leading cause of death in men.
Cardiovascular disease (CVD) is also the leading economic burden of disease in Canada, with a total direct cost (hospital
care, drugs, physician care, other institutional care, etc) of
CDN$6.8 billion and an indirect cost (relating to mortality, and
short and long term disability) of CDN$11.6 billion in 1998 (2).

P

Fardeau de la maladie cardiovasculaire au
Canada
CONTEXTE : Ce rapport présente les estimations actualisées des taux
de mortalité attribuable à la maladie cardiovasculaire (MCV) au Canada
et fournit un portrait, fondé sur la population, de la prévalence de la
maladie et de son incidence sur la qualité de vie liée à la santé (QVLS).
MÉTHODES : On s’est fondé sur la Base canadienne de données sur la
mortalité pour estimer les taux de mortalité par sexe et groupe d’âge dans
les 139 régions sanitaires au Canada pour la période de 1950 à 1999. Les
estimations de la prévalence de la MCV et de son incidence sur le QVLS
s’appuient sur l’Enquête sur la santé dans les collectivités canadiennes de
2000-2001 (ESCC). L’incidence de la MCV sur l’espérance de vie et
l’espérance de vie en santé a été estimée à l’aide des techniques de table
de survie.
RÉSULTATS : Bien que la MCV demeure la cause principale de décès
au Canada, pendant la période de 1950 à 1999, le taux de mortalité
attribuable à la MCV a chuté de 702 à 288 sur 100 000 hommes et de 562
à 175 sur 100 000 femmes. Les résultats de l’ESCC révèlent que 5,4 % des
hommes et 4,6 % des femmes ont déclaré souffrir d’une maladie du cœur
diagnostiquée par un professionnel de la santé. Sur ce nombre, 14 % des
hommes et 21 % des femmes ont affirmé éprouver de la difficulté à
marcher – soit environ six fois plus que chez les personnes non cardiaques.
Au total, la MCV diminue de 4,5 années l’espérance de vie et de
2,8 années l’espérance de vie en santé. L’étude a également fait ressortir
des différences importantes de fardeau de la MCV entre les sexes et parmi
les 139 régions sanitaires au Canada.
CONCLUSIONS : Le fardeau de la MCV est lourd du point de vue à la
fois de la mortalité et de la QVLS. La MCV constitue également une
source importante d’inégalités de la santé au sein de la population canadienne. Toute initiative en vue d’améliorer la santé des Canadiens ou de
réduire les inégalités de santé devrait intégrer des mesures de réduction de
la mortalité et de la morbidité attribuables à la MCV. Compte tenu de
l’incidence actuelle de la MCV sur la QVLS, la réduction ou l’élimination
de la maladie du cœur est susceptible de se traduire par une augmentation
de l’espérance de vie plus importante que celle de l’espérance de vie en
santé.

Encouragingly, the 1997 Canadian death rate for CVD has fallen
to less than one-half of its rate in 1969. While most other countries in the Organization for Economic Co-operation and
Development, such as the United States, Spain and New Zealand,
experienced similar percent declines in this period, the reductions
in Australia and Japan were greater, and those in Greece and
Hungary were much less evident (3). The reduction in CVD mortality can be attributed to many factors, including a decline in the
incidence of disease from a reduction in the prevalence of CVD
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risk factors such as cigarette smoking (4-7) and improvements in
survival due to improved medical care (7-9). The decrease in
CVD mortality has helped Canadians experience large increases
in life expectancy over the latter half of the 20th century.
Nevertheless, longer life has been described as an empty prize if
these added years are lived in poor health (10). To more completely assess the burden of heart disease, we should not only
determine how many people die from the disease, but also monitor how many people live with it and the extent to which it
affects their health-related quality of life (HRQOL).
In the present paper, we have updated previous estimates on
the burden of CVD in Canada using the most recent mortality
data available, reported national estimates of self-reported
heart disease prevalence, estimated the HRQOL of those living with and without heart disease, and measured the impact of
heart disease on both life and health expectancy in Canada.
Health expectancy is a relatively new summary measure of
population health that combines mortality and morbidity into
a single indicator (11,12).

METHODS
Data sources
The Canadian mortality database was used to calculate age-specific
death rates, survival probabilities and life tables. Cross-sectional
data on health status and chronic conditions were derived from
the Canadian Community Health Survey (CCHS) Cycle 1.1
conducted by Statistics Canada (13,14). This survey provides
cross-sectional estimates of health determinants, health status and
health system use at a subprovincial level (health region or combination of health regions). The target population of the CCHS
included household residents in all provinces and territories, with
the principal exclusion of populations on Indian reserves,
Canadian Forces’ bases and some remote areas. There was one randomly selected respondent per household, although planned oversampling of youths resulted in a second member of certain
households being interviewed. For the first collection cycle, only
those 12 years of age and older were eligible for selection. The
CCHS Cycle 1.1 began data collection in September 2000 and
the total sample size was 131,535 household respondents, representing a response rate of 84.7%.

Variable definitions and classifications
Disease groups: Disease groups for mortality statistics were defined
for the most responsible underlying condition on the death certificate using codes from the eighth and ninth revisions of the
International Classification of Diseases (ICD-8 and ICD-9, respectively)
(see Appendix A). Heart disease prevalence was estimated using
the 2000/01 CCHS response for self-reported chronic conditions.
Respondents were asked if they had been diagnosed by a health professional with any of 26 chronic conditions. Respondents who
reported that they had heart disease were further asked whether
they had a previous heart attack, angina and/or heart failure.
HRQOL measures: HRQOL describes a person’s own perceived
mental and physical health. The International Classification of
Functioning, Disability and Health was used as a framework for
selecting HRQOL measures (15). Indicators from the CCHS were
selected to represent the overlapping domains of functioning, limitations in activity and participation in society. More detailed
descriptions of these indicators can be found elsewhere (16,17).
Health-adjusted life expectancy (HALE) is a polychotomous
measure that incorporates a utility-based HRQOL measure to
combine discrete health states into a single indicator, indicating
16

the expectation of equivalent years of good health. The health
utilities index (HUI) mark III was the HRQOL measure used to
estimate a person’s functional ability and HALE (18).
Measures of functional restrictions: Ambulatory restrictions
were measured in terms of an inability to walk around the neighbourhood or an ability to walk with difficulty, requiring the help of
others or mechanical supports such as braces, a cane, crutches or a
wheelchair. The proportion of people who usually live with pain
and the proportion of people who are not happy or not interested
in life were also estimated.
Measures of restrictions in activities: Disability days were defined
as the number of days in the two weeks prior during which the
respondent stayed in bed or cut down in their activities because of
illness or injury. The need for help (activity dependence), for health
reasons, with instrumental activities of daily living (IADL) or basic
activities of daily living (ADL) was also measured. IADLs refer to
activities that relate to living independently, including preparing
meals, shopping for groceries or other necessities, doing everyday
housework and doing heavy household chores (eg, washing walls,
yard work). ADLs refer to activities of personal care (eg, washing,
dressing or eating, or moving about inside the house).
Measure of participation in society: Participation in society was
measured in terms of whether a person was unemployed due to illness or disability.

Analyses
Calculation of mortality and prevalence rates: Age- and sexspecific mortality rates for the various disease/condition groups
were calculated using mortality data and postcensal population
estimates from Statistics Canada. To allow comparison over time
and across regions, all estimates were standardized using the
direct method and the 1991 Canadian population.
Life table analysis: Life expectancy is the average length of life
that a person would be expected to live, given the current mortality rates in the population. Period life tables for men and women
were calculated using an adaptation of Chiang’s method (19).
Cause-deleted life expectancy and related measures were estimated
by subtracting cardiovascular deaths from overall mortality rate
(20). The regional cause-deleted life expectancies were divided by
the overall Canadian estimate, and the ratios were mapped using
colours based on five fixed ratio categories first used by the
Dartmouth Atlas of Cardiovascular Health Care in the United States
(21). HALE was calculated using a modification of the Sullivan
method (22). Sullivan used a period life table and the prevalence
of disability to estimate the number of life years lived free of disability. After calculating life tables for each group, HALE was estimated by weighting the years of life lived according to the mean
HUI values by age and sex for each population. Heart diseasedeleted mean HUI values were used to calculate HALE if heart
disease was eliminated.
Statistical testing: Coefficients of variation (CV) and 95% confidence intervals were calculated using a bootstrap method.
Estimates with a CV between 16.7 and 33.3 should be interpreted
with caution due to high sampling variation. Estimates with a CV
greater than 33.4 were not reported.

RESULTS
Mortality due to CVD
In Canada, age-standardized death rates from CVD have
decreased substantially since the middle of the century
(Figure 1). Men have a much higher mortality rate than do
women, but the difference has been narrowing in recent
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years. Between 1950 and 1969, the death rate for women
declined by 149 deaths per 100,000 per year (562 per 100,000
to 413 per 100,000) – about two and a half times faster than
for men (702 to 644 per 100,000). Over the next 20 years
(1970 to 1989), mortality rates dropped by over 45% for both
men and women. The most current CVD mortality rate for
men was about 1.6 times higher than for women
(288 per 100,000 versus 175 per 100,000).
Over the past 50 years, the largest drop in absolute mortality rate in men occurred among the oldest age group
(85 years and older), which declined between 1950 and 1999 by
6136 deaths per 100,000 men per year to 7725 deaths per
100,000 men per year (Figure 2). At younger ages, there were
much fewer deaths (98 per 100,000 in those aged 35 to 44 years
in 1950), but the 73% drop in death rate was dramatic. In
women, the death rate decreased in these age groups by about
80% (Figure 3). Figures 4 and 5 show the effect of the changing
age of death from CVD in terms of the increase in life
expectancy. As the drop in mortality rates has slowed down for
women over the past 20 years, there has been a smaller gain
in life expectancy. Similarly, now that the mortality rate is

Figure 1) Age-standardized* Canadian cardiovascular disease† mortality rates for men and women – 1950 to 1999. *Standardized to
1991 Canadian population. †International Classification of
Diseases, eighth revision (ICD-8) codes 390 to 458 for years 1969 to
1978 and ninth revision (ICD-9) codes 390 to 459 for years 1979 to
1996. Data from Statistics Canada

Figure 2) Age-specific Canadian cardiovascular disease* mortality
rates in men – 1950 to 1999. *International Classification of
Diseases eighth revision (ICD-8) codes 390 to 458 for years 1969 to
1978 and ninth revision (ICD-9) codes 390 to 459 for years 1979 to
1996. Data from Statistics Canada

Figure 3) Age-specific Canadian cardiovascular disease* mortality
rates in women – 1950 to 1999. *International Classification of
Diseases eighth revision (ICD-8) codes 390 to 458 for years 1969 to
1978 and ninth revision (ICD-9) codes 390 to 459 for years 1979 to
1996. Data from Statistics Canada

Figure 4) Gain in life expectancy due to a reduction in cardiovascular
disease* mortality in Canadian men aged 30 to 84 years – 1976 to 1996.
*International Classification of Diseases, eighth revision (ICD-8)
codes 390 to 458 for years 1975 to 1977 and ninth revision (ICD-9)
codes 390 to 459 for 1985 to 1987 and 1995 to 1997. Data from
Statistics Canada

Figure 5) Gain in life expectancy due to a reduction in cardiovascular disease* mortality in Canadian women aged 30 to 84 years – 1976
to 1996. *International Classification of Diseases, eighth revision
(ICD-8) codes 390 to 458 for years 1975 to 1977 and ninth revision
(ICD-9) codes 390 to 459 for 1985 to 1987 and 1995 to 1997. Data
from Statistics Canada
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Figure 6) Leading causes of death and number and percentage of
deaths in men and women (combined) in Canada – 1999. Total number of deaths: 219,530. Disease groups were defined using codes from
the International Classification of Diseases, ninth revision: other
cardiovascular disease (CVD) (390 to 459); acute myocardial infarction (AMI) (410); other ischemic heart disease (IHD) (411-414);
cerebrovascular disease (430 to 438); accidents/poisonings/violence
(E800 to E999); cancer (140 to 239); infectious diseases (001 to
139); diabetes (250); respiratory diseases (460-519). Reproduced
with permission from The Growing Burden of Heart Disease and
Stroke in Canada 2003 (34)

relatively low in the young and middle ages, gains in life
expectancy have been increasing from improvements in elderly mortality rates. This trend will continue in the future.
In 1999, CVD was the leading cause of death in Canada,
comprising 37% of all deaths in the country (Figure 6). This
was almost 10% higher than cancer (28%), the next leading
killer of Canadians. CVD deaths resulted in 4.5 years of life
expectancy lost in both men and women (Figure 7). In men,
CVD caused a loss in life expectancy years that was over three
times greater than that of other leading causes of death, such as
respiratory illnesses (0.9 years lost), and suicide and accidents
(1.4 years lost). In women, the loss in life expectancy years was
over four times greater than these other leading causes of death
(0.9 years lost for respiratory illnesses, and 0.6 years lost for suicide and accidents). Compared with all types of cancer, CVD
caused a more than 0.6 year greater life expectancy loss in men
and a more than 0.7 year greater life expectancy loss in
women. Contrasted to other measures of premature mortality,
such as potential years of life lost, life expectancy lost has a
much greater effect for CVD than other diseases. This is
because measures of potential years of life lost do not consider
the impact of deaths over a specified age, usually 75 years. In
1999, 54.8% of all deaths occurred in those above this age, of
which 43.1% were CVD deaths.
Prevalence of CVD
Table 1 and Figures 8 and 9 show heart disease prevalence in
Canada. These estimates are the percentage of communitydwelling people in Canada who self-reported that they had
heart disease at the time of the 2000/01 CCHS. Overall, men
reported living with heart disease somewhat more often than
did women (5.4% of men and 4.6% of women); however, the
male to female ratio of heart disease prevalence (1.2:1) was
smaller than the death rate ratio (1.6:1). Men and women had
a similar prevalence of angina (1.8% of men and 1.9% of
women). The disease prevalence ratio of people who reported
a previous heart attack was higher for men than for women
18

Figure 7) Years of life expectancy lost due to mortality, by major disease category, in Canada – 1999. Disease groups were defined using
codes from the International Classification of Diseases, ninth revision: All cancer (140 to 239); cardiovascular (390 to 459); respiratory
(460 to 519); suicide and accidents (E800 to E929, E950 to E959).
Data from Statistics Canada

(2.7% of men versus 1.5% of women). Similar to most chronic
diseases, heart disease increased with age, with 25% of people
age 80 years or older reporting that they had heart disease.
Figures 8 and 9 suggest that heart disease becomes increasingly
complex and severe with increasing age. In the 40- to 49-year
age group, 19% of people with heart disease reported that they
had at least two of angina, previous heart attack or congestive
heart failure. This proportion increased to 35% of those people
over the age of 80 years.
HRQOL
Figures 10 and 11 demonstrate that limitations in HRQOL
increased with age, similar to most chronic conditions.
Table 1 shows that people with heart disease were much more
likely to report limitations in HRQOL than people without
heart disease or with no chronic conditions. For instance,
14% of men and 21% of women with heart disease had difficulty ambulating; this was about six times more than people
without heart disease (2.4% of men and 3.3% of women) and
over 20 times more than people without chronic conditions
(0.6% of men and women). There was generally a gradient in
the HRQOL limitations caused by specific heart conditions:
congestive heart failure was generally associated with the
greatest HRQOL limitations, followed by angina with a previous heart attack. Similar to other chronic diseases, heart
disease was reported with more HRQOL limitations in
women than in men. HRQOL limitations for people with
heart disease were present in all domains of function, activities and participation.
Given the present burden of disease, as shown in Figure 12,
eliminating CVD will extend Canadian life expectancy by
3.5 years for men and 3.1 years for women, but the gains in
HALE show that not all of this increase would be in a healthy
state (3.0 years for men and 2.6 years for women).
Regional variation in CVD mortality
Figure 13 shows the difference in CVD mortality for health
regions in Canada. Because CVD is the leading cause of
death in Canada and because there are wide variations in
death rates between Canadian health regions, it is not surprising that CVD mortality is one of the largest contributors to
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TABLE 1
Prevalence of health-related quality of life among respondents with self-reported heart disease, age-standardized for men
and women in Canada – 2000/01
Function

Condition

Perfect
functional
Prevalence health*
Sex
(%)
(%)

Restriction of activites

Not happy
Living
or not
Problems with interested
†
‡
pain
in life§
walking
(%)
(%)
(%)

Need help
with
activities of
daily living¶
(%)

Participation

Need help with
More than 7
instrumental No days of
days of
activities of disability in disability in
daily living** past 2 weeks past 2 weeks
(%)
(%)
(%)

Not working
because of
illness or
disability
(%)

Heart disease (angina,

Men

5.37

33.8

13.9

31.1

31.3

55.2

39.0

76.8

11.9

5.0

CHF or heart attack

Women

4.64

29.1

21.5

41.4

32.7

63.9

62.4

70.4

14.9

5.8
7.1

Angina
CHF
Heart attack

Men

1.82

26.4

18.3

42.4

35.1

69.1

51.2

69.1

16.3

Women

1.94

23.4

25.0

51.5

35.5

74.0

71.7

61.3

20.8

8.1

Men

0.94

22.1

28.7

49.1

39.7

78.7

63.8

60.9

25.6

9.1

Women

1.11

18.4

33.8

53.1

42.0

79.1

78.7

61.2

24.1

9.3

Men

2.69

34.1

14.7

33.1

30.6

58.5

43.8

76.8

12.3

5.8

Women

1.50

25.5

25.7

46.1

36.1

73.1

76.0

66.3

18.4

9.1

More than one type

Men

1.29

22.9

23.1

48.4

37.2

76.1

61.2

65.0

20.7

8.8

of heart disease

Women

1.20

18.7

30.7

55.0

38.7

79.9

81.2

59.8

23.5

10.0

Angina without other

Men

0.72

33.4

11.9

30.3

32.0

57.4

37.0

76.3

10.7

4.4‡‡

heart disease

Women

0.87

28.4

18.5

45.9

31.2

66.7

60.8

66.6

15.0

6.2††

CHF without other

Men

0.28

27.4

21.9

34.8

38.6

67.7

51.5

73.0

15.3

§§

heart disease

Women

0.37

23.3

28.3

48.2

41.9

69.0

68.0

70.0

17.3

9.6‡‡

Men

1.53

42.6

9.4

22.8

26.3

45.8

30.1

84.1

7.0

3.1††

Women

0.54

37.3

18.5

35.1

28.9

62.3

64.6

77.1

9.5

4.8‡‡
1.6

Heart attack without
other heart disease
No heart disease
No chronic conditions

Men

94.63

54.3

2.4

13.0

24.3

18.7

7.4

86.8

3.7

Women

95.36

52.0

3.3

17.3

23.8

23.2

15.4

81.8

4.8

2.2

Men

41.47

64.4

0.6

3.8

20.4

5.7

1.5

91.6

1.5

0.5

Women

30.84

65.2

0.6

4.1

19.4

5.5

3.2

90.4

1.3

0.3

CHF Congestive heart failure *People with perfect functional health are those with a health utilities index score of 0.973 or higher (no functional limitations other than
wearing glasses); †Problems walking refers to people who are unable to walk around the neighbourhood or who walk with difficulty requiring the help of others or
mechanical supports such as braces, a cane, crutches or a wheelchair; ‡Living with pain refers to people who usually live with pain that may or may not limit them
in their activities; §Not happy or not interested in life refers to people who are not happy or not interested in life. ¶Activities of basic living relate to personal care and
includes washing, dressing, eating and moving around inside the house. ††Instrumental activities of daily living relate to living independently and include preparing
meals, shopping for groceries or other necessities and performing light and heavy household chores. Coefficient of variation:††16.6 to 25.0 (data should be intepreted with caution); ‡‡25.1 to 33.3 (data should be intepreted with caution); §§ ≥33.4 (data suppressed due to extreme sampling variability). Data from 2000/01
Canadian Community Health Survey, Statistics Canada

Figure 8) Age-specific self-reported heart disease prevalence in men in
Canada – 2000/01. Data from 2000/01 Canadian Community
Health Survey, Statistics Canada

Figure 9) Age-specific self-reported heart disease prevalence in women
in Canada – 2000/01. Data from 2000/01 Canadian Community
Health Survey, Statistics Canada

the observed differences in life expectancy among populations
in Canada. Further analyses showed that eliminating CVD
deaths reduced the gap in the average mortality rate of the
lowest and highest health region quintiles from 277 per
100,000 population to 194 deaths per 100,000 population.

CVD was the leading cause of death in Canada in 1999. While
improvements in CVD mortality rates have had an important
contribution to the gains in life expectancy over the past
20 years, CVD remains the leading cause of life expectancy

DISCUSSION
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Figure 10) Percentage of men with heart disease who have difficulties
with mobility versus those with no heart disease – 2000/01. People with
difficulties getting around are those who are not able to walk without
difficulty and without support. Data from 2000/01 Canadian
Community Health Survey, Statistics Canada

Figure 11) Percentage of women with heart disease who have difficulties with mobility versus those with no heart disease – 2000/01. People
with difficulties getting around are those who are not able to walk without difficulty and without support. Data from 2000/01 Canadian
Community Health Survey, Statistics Canada

loss in Canada. The rate at which CVD death rates have been
decreasing has begun to level off in the past 10 years. If this
trend continues, future gains in life expectancy from improvements in CVD will become smaller. Furthermore, now that
CVD death rates in the young and middle ages are low relative
to to in the older ages, future gains in mortality and life
expectancy will largely be achieved through a continued
reduction in mortality in older people.
Most reports on burden of heart disease in Canada have
focused on mortality. We know, however, that mortality
reflects only one perspective of health. The present report is
one of the first in Canada to report findings on CVD prevalence and its impact on HRQOL. The results indicate that
many people, especially older people, live with heart disease.
People with heart disease have a much lower HRQOL than
people without heart disease. The combination of high prevalence, high death rate and high impact on HRQOL means that
heart disease was also the leading cause of health expectancy
lost in Canada (23).
The difference in the burden of heart disease between
Canadian men and women narrowed considerably when disease prevalence and HRQOL burden were considered. Women
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Figure 12) Impact of eliminating heart disease on life expectancy and
health-adjusted life expectancy in men and women in Canada –
2000/01. The prevalence of heart disease was self-reported. Data from
2000/01 Canadian Community Health Survey, Statistics Canada

may have had a much lower CVD death rate than men but disease prevalence was similar between the sexes. Women who
live with the disease had greater limitations of HRQOL,
including greater functional limitations, such as getting around
or living with pain, and activity restrictions such as bathing,
cooking or shopping.
It is important not only to add ‘years to life’ but also to add
‘life to years’, meaning improvements in life expectancy should
ideally be accompanied by improvements in HRQOL (17).
Efforts to reduce diseases that are fatal will add ‘years to life’,
while reducing diseases that affect HRQOL will add ‘life to
years’. Because diseases such as arthritis and mental health
largely affect HRQOL more than they affect mortality, reducing their effect or eliminating them will mostly add ‘life to
years’. Given the present burden of disease on HRQOL, reducing or eliminating heart disease will result in an increase in life
expectancy that will be larger than the gains in health
expectancy (Figure 12). The potential for extending life
expectancy without correspondingly large increases in HALE
would result in a greater number of years lived in poor health,
which is referred to as an ‘expansion of morbidity’ (24). In
turn, this may result in a larger proportion of older people living in a disabled state and may place greater demands on the
health care system and supportive services such as adequate
housing, accessible public facilities, and assistance from family
and friends.
To examine how to reduce the burden of CVD, it is first
helpful to separate the different ways in which heart disease
affects health. The total disease burden on HRQOL depends
on the number of people who develop heart disease (disease
incidence), the length of time people live with the disease and
the level of HRQOL resulting from CVD. The mortality burden of CVD depends not only on the prevalence of disease but
also on how quickly it progresses to a severe state that can no
longer support vital function. Given this perspective, there are
two main methods of reducing the burden of heart disease.
Primary prevention aims to delay the onset of disease by reducing risk factors such as tobacco use, poor diet, obesity and lack
of physical activity. Observational studies suggest that primary
prevention may have contributed to about one-half of the
reduction in heart disease over the past 20 to 30 years (25,26).
Because heart disease risk factors in Canada remain common,
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Figure 13) Life expectancy lost (in years) due to cardiovacular disease in men and women in Canada, by health region (HR), from 1995 to 1997.
Data from Statistics Canada, 2001. PEI Prince Edward Island

there are likely important gains in the burden of heart disease
that can be achieved through risk factor modification, if
community-based and individual interventions are available.
There is the potential for even larger gains in the total burden
of disease because CVD behavioural risks are also associated
with deaths and disabilities from other chronic conditions,
such as diabetes and cancer.
Disease treatment aims to improve heart function and slow
the progression of disease, which in turn improves survival,
symptoms, functional limitations and other aspects of
HRQOL. Because current medical and hospital therapies focus
on improving HRQOL along with survival, there is the potential that future increases in HALE will be larger than life
expectancy increases, leading to both a longer life expectancy
and a greater proportion of life lived in a healthy state.
There are several limitations of this study. The HRQOL
measures rely on self-reports, which have been shown to
underrepresent disease prevalence for several chronic diseases
(27-30). Other Canadian studies have improved reporting by
linking disease registries to health surveys (31). In addition,
discussion regarding the future life and health expectancy estimates and impact of interventions is difficult because they are
based on the current burden of CVD in relationship to other diseases, and there is inadequate information on the effectiveness

of health interventions in communities. Greater work needs to
be done to model these disease relationships and effectiveness
of interventions.
Heart disease is the most important disease contribution to
differences in health among many populations in Canada. In
addition to the large contribution in life expectancy differences between men and women, there are substantial differences in the burden of heart disease among Canadian health
regions and socioeconomic groups (32). Any effort to reduce
heart disease should specifically address the health needs of
these populations (33).
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APPENDIX A
International Classification of Diseases, eighth and ninth
revision (ICD-8 and ICD-9) codes used in exhibits to
signify the most responsible underlying condition on the
death certificate
Cause of death
Accidents/poisonings/violence
Accidents and suicides

ICD revision and codes
ICD-9 E800-E999
ICD-9 E800-E929, E950-E959

Cardiovascular disease
1969 to 1978

ICD-8 390-458

1979 to 1996

ICD-9 390-459

Ischemic heart disease

ICD-9 410-414

Acute myocardial infarction
Cerebrovascular disease
Cancer
Diabetes

ICD-9 410
ICD-9 430-438
ICD-9 140-239
ICD-9 250

Infectious diseases

ICD-9 001-139

Respiratory diseases

ICD-9 460-519
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BACKGROUND: Cardiovascular disease is the leading cause of
death in Canada.
OBJECTIVE: To provide an analysis of the self-reported prevalence
of heart disease and three specific cardiac conditions – myocardial
infarction (MI), angina and congestive heart failure (CHF) – in subgroups of the Canadian population.
METHODS: Data from the Public Use Microdata File from Statistics
Canada’s 2000/2001 Canadian Community Health Survey (CCHS)
were used to estimate the crude self-reported prevalence of heart disease, MI, angina and CHF in Canada. The data are reported by age and
sex groups, as well as by province or territory and health region.
RESULTS: Based on the 2000/2001 CCHS data, it was estimated that
among Canadians 12 years of age and older, 5.0% (n=1,286,000) have
heart disease, 2.1% (n=537,000) have had a heart attack, 1.9%
(n=483,000) have angina and 1.0% (n=264,000) have CHF. Marked
variation in the prevalence of heart disease and the other specific cardiac conditions exists across age and sex groups, and across geographical regions. The prevalence of heart disease is low among those younger
than 50 years; thereafter, the prevalence of heart disease increases and
is more common among men than among women. By 70 years of age,
at least one in four men and one in five women report having heart disease. Large differences in the burden of heart disease were observed
across provinces, territories and health regions. Comparison of the
highest and lowest prevalence rates among provinces and territories
revealed a 1.9-fold difference for heart disease, a 2.8-fold difference for
MI, a 2.3-fold difference for angina and a 3.3-fold difference for CHF.
CONCLUSIONS: Large regional differences in the prevalence of
heart disease and other specific cardiac conditions were observed
across Canada. These data may assist health system planners to identify those regions and population subgroups most affected by heart
disease, and to support the development of heart disease prevention
and treatment programs.

Les variations régionales de la prévalence de
maladies cardiaques autodéclarées au Canada
HISTORIQUE : Les maladies cardiovasculaires constituent la principale
cause de décès au Canada.
OBJECTIF : Analyser la prévalence autodéclarée de maladies cardiaques
et de trois troubles cardiaques précis (l’infarctus du myocarde, ou IM,
l’angine et l’insuffisance cardiaque congestive, ou ICC) dans des sousgroupes de la population canadienne.
MÉTHODOLOGIE : Les données du fichier de microdonnées à grande
diffusion de l’Enquête sur la santé dans les collectivités canadiennes
(ESCC) effectuée par Statistique Canada en 2000-2001 ont été utilisées
pour évaluer la prévalence autodéclarée brute de maladies cardiaques,
d’IM, d’angine et d’ICC au Canada. Les données sont déclarées selon les
groupes d’âge et de sexe, ainsi que selon la province ou le territoire et la
région sanitaire.
RÉSULTATS : D’après les données de l’ESCC de 2000-2001, on estime
que 5,0 % (n=1 286 000) des Canadiens de 12 ans et plus souffrent d’une
maladie cardiaque, 2,1 % (n= 537 000) ont eu une crise cardiaque, 1,9 %
(n=483 000) font de l’angine et 1,0 % (n=264 000) sont atteints d’une
ICC. Une variation marquée de la prévalence de maladies cardiaques et
des trois troubles cardiaques précis s’observe selon les groupes d’âge et de
sexe et selon la zone géographique. La prévalence de maladies cardiaques
est faible chez les personnes de moins de 50 ans, mais elle augmente par
la suite et est plus courante chez les hommes que chez les femmes. À 70 ans,
au moins un homme sur quatre et une femme sur cinq déclarent souffrir
d’une maladie cardiaque. D’importantes différences dans le fardeau des
maladies cardiaques sont dénotées selon les provinces, les territoires et les
régions sanitaires. La comparaison des taux de prévalence les plus élevés
et les moins élevés selon les provinces et les territoires révèle une
différence atteignant 1,9 fois dans les cas de maladies cardiaques, 2,8 dans
ceux d’IM, 2,3 dans ceux d’angine et 3,3 dans ceux d’ICC.
CONCLUSIONS : On observe d’importantes différences régionales de
prévalence de maladies cardiaques et de trois troubles cardiaques précis
selon la région du Canada. Ces données pourraient aider les planificateurs
du système de santé à repérer les régions et les sous-groupes de population
les plus touchés par les maladies cardiaques et à soutenir la mise sur pied
de programmes de prévention et de traitement des maladies cardiaques.

Key Words: Angina; Congestive heart failure; Heart disease;
Myocardial infarction; Population health; Regional variation

ardiovascular disease (CVD) is the leading cause of mortality in Canada, accounting for almost 36% of all deaths
in 1999 (1). Studies of health outcomes associated with CVD
have often focused on mortality rates – a relatively accessible
outcome measure. However, because many patients live with

C

CVD, often for many years, describing its incidence (the per
cent of a population that develops CVD), prevalence (the per
cent of a population living with CVD) and effect on quality of
life is important in assessing the true burden of CVD on the
Canadian population. In Canada, the existing CVD surveillance
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system relies primarily on administrative, physician billing, hospitalization and mortality data, none of which directly address
disease incidence or prevalence. However, an estimate of the
proportion and geographical distribution of the population who
have heart disease or specific cardiovascular conditions (prevalence) can be determined by using national survey data from the
Canadian Community Health Survey (CCHS).
The present paper describes the self-reported prevalence of
heart disease and specific cardiac conditions – myocardial
infarction (MI), angina and congestive heart failure (CHF) –
in the Canadian population using data from the 2000/2001
CCHS (2). National prevalence estimates are reported by age
and sex, and by province or territory and health region to provide an overview of the regional variation of the prevalence of
CVD in Canada. These prevalence estimates may be of value
to health system planners who need to determine the proportions of the population living with various diseases when allocating heath care resources.

METHODS
Data source
Crude estimates of the prevalence of heart disease and three other
specific cardiac conditions – MI, angina and CHF – were derived
by using self-reported data from the population-based 2000/2001
Statistics Canada CCHS Cycle 1.1: Public Use Microdata File (2).
The CCHS provides ongoing cross-sectional estimates of health
determinants, health status and health system use at a subprovincial level (health region or combination of health regions). The
crude estimates derived are based on the prevalence observed in the
self-reported health survey data; no adjustment for risk or other factors was made.
The target population for the CCHS was household residents
in all provinces and territories, covering 98% of the Canadian
population aged 12 years and older. The principal exclusions were
those populations on Indian reserves, on Canadian Forces bases and
in some remote areas. Cycle 1.1 of the CCHS covers 133 health
regions in the 10 provinces, plus one health region per territory,
totalling 136 health regions. For the provinces, the sample weight
was allocated according to the provinces’ respective populations
and the number of health regions they contain. Households were
selected using the area frame based on a multistage, stratified cluster design in which the dwelling was the final sampling unit. In
some health regions, a random-digit dialing sampling frame or a
list frame of telephone numbers was also used. The territories were
dealt with separately. The Yukon was attributed 850 sample units,
and the Northwest Territories and Nunavut were attributed 900
and 800 sample units, respectively (3).
One randomly selected respondent per household was surveyed, although planned oversampling of youths resulted in a second member of certain households being interviewed. The CCHS
Cycle 1.1 interviews (computer-assisted personal and telephone
interviews) were conducted from September 2000 to November
2001, and only those individuals 12 years of age and older were eligible. The total sample size was 131,535 household respondents,
giving a response rate of 84.7% (4). The complete survey instrument is available on the Statistics Canada Web site at
<http://www.statcan.ca/english/sdds/instrument/3226_Q1_V1_E.pdf>.
To measure the prevalence of chronic conditions, participants
were asked whether they had any long-term conditions that had
24

lasted, or were expected to last, six months or longer, and had
been diagnosed by a health care professional. A checklist of conditions was read to the respondents. The specific questions related
to heart disease were as follows:
• Do you have heart disease? If the respondent answered yes
to this question, the following related questions were asked:
• When was it first diagnosed?
• Have you ever had a heart attack (damage to the heart
muscle)?
• Do you currently have angina (chest pain and chest
tightness)?
• Do you currently have CHF (inadequate heart beat, and
fluid buildup in the lungs or legs)?
Respondents were classified as having either none or at least
one of these conditions in 2000/2001.
From these CCHS questions, the crude prevalences of heart
disease, MI, angina and CHF in the Canadian population were
estimated. The data are reported by age group, sex, region, and
province or territory. Patients who reported having heart disease
may have reported having more than one specific cardiac condition such as MI, angina or CHF simultaneously.

RESULTS
Overall prevalence
As shown in Table 1, an estimated 5.0% (n=1,286,354) of
Canadians over 12 years of age had heart disease. Of these,
2.1% (n=536,548) reported having had an MI, 1.9%
(n=483,260) had angina and 1.0% (n=264,060) had CHF. The
prevalence of heart disease was low among those younger than
50 years. However, after age 50, the prevalence of heart disease
increased, and it was more common among men than among
women. By age 70, at least one in four men and one in five
women reported having heart disease. A similar pattern is
observed for the self-reported history of MI. The prevalence of
angina increased after age 50 in both men and women to a similar degree. For CHF, prevalence was low before age 50 but rose
steadily thereafter. Older men had a slightly higher prevalence
of heart failure than women, except among those older than
80 years, where women reported a higher prevalence of CHF
than men.
Regional variation
Table 2 provides the self-reported prevalence of heart disease
and specific cardiac conditions by province or territory. Figure 1
depicts the self-reported prevalence of heart disease by health
region. Figures 2 to 4 present the self-reported prevalence of
MI, angina and CHF by health region, respectively. Figures 1
to 4 do not include information for British Columbia because
the regions and boundaries changed during the period of the
survey. The health region level data for Figures 1 to 4 are available on the Canadian Cardiovascular Outcomes Research Team
(CCORT) Web site at <www.ccort.ca/Atlas.asp>.
Considerable regional variation existed in the self-reported
prevalence of heart disease and specific cardiac conditions.
Provincial prevalences of heart disease ranged from a high of
6.3% in Nova Scotia and New Brunswick to a low of 3.5% in
Alberta. For MI, prevalence ranged from a high of 3.1% in
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TABLE 1
Self-reported prevalence of heart disease, myocardial infarction (MI), angina and/or congestive heart failure (CHF) in
persons aged 12 years and older by age and sex group
Prevalence
Heart disease
Age (years)

Denominator

n

MI
%

Angina

n

%

CHF

n

%

n

%

Male
12 to 19

1,714,564

7319

0.4

808

0.0

1240

0.1

1093

0.1

20 to 29

2,086,689

10,921

0.5

1161

0.1

881

0.0

2207

0.1

30 to 39

2,369,807

22,068

0.9

5714

0.2

7159

0.3

2816

0.1

40 to 49

2,524,290

50,309

2.0

23,409

0.9

13,490

0.5

6920

0.3

50 to 59

1,820,762

138,822

7.6

74,387

4.1

48,457

2.7

20,820

1.1

60 to 69

1,153,555

174,080

15.1

93,529

8.1

59,130

5.1

26,756

2.3

70 to 79

760,313

197,332

26.0

105,402

13.9

65,383

8.6

41,550

5.5

80+

284,169

79,774

28.1

36,595

12.9

34,236

12.0

17,398

6.1

12,714,150

680,625

5.4

341,007

2.7

229,977

1.8

119,560

0.9

Subtotal
Female
12 to 19

1,603,553

8665

0.5

167

0.0

1231

0.1

1007

0.1

20 to 29

2,031,900

14,097

0.7

1315

0.1

4561

0.2

2018

0.1

30 to 39

2,376,823

23,462

1.0

2502

0.1

4275

0.2

4185

0.2

40 to 49

2,553,112

51,500

2.0

12,773

0.5

15,264

0.6

11,506

0.5

50 to 59

1,816,409

80,473

4.4

25,380

1.4

32,139

1.8

17,209

0.9

60 to 69

1,242,612

121,531

9.8

37,831

3.0

57,305

4.6

25,640

2.1

70 to 79

983,855

185,502

18.9

66,693

6.8

86,271

8.8

43,636

4.4

80+

464,919

120,500

25.9

48,879

10.5

52,237

11.2

39,298

8.5

13,073,184

605,729

4.6

195,541

1.5

253,283

1.9

144,501

1.1

12 to 19

3,318,117

15,984

0.5

975

0.0

2471

0.1

2100

0.1

20 to 29

4,118,589

25,018

0.6

2477

0.1

5442

0.1

4226

0.1

30 to 39

4,746,631

45,529

1.0

8216

0.2

11,434

0.2

7001

0.1

40 to 49

5,077,402

101,810

2.0

36,183

0.7

28,754

0.6

18,426

0.4

50 to 59

3,637,171

219,295

6.0

99,768

2.7

80,597

2.2

38,029

1.0

60 to 69

2,396,167

295,610

12.3

131,361

5.5

116,435

4.9

52,396

2.2

70 to 79

1,744,169

382,834

21.9

172,095

9.9

151,655

8.7

85,186

4.9

749,088

200,274

26.7

85,474

11.4

86,473

11.5

56,696

7.6

25,787,334

1,286,354

5.0

536,548

2.1

483,260

1.9

264,060

1.0

Subtotal
Both

80+
Total

Data are from the 2000/2001 Canadian Community Health Survey Cycle 1.1: Public Use Microdata File

TABLE 2
Self-reported prevalence of heart disease, myocardial infarction (MI), angina and/or congestive heart failure (CHF) in
persons aged 12 years and older by province
Prevalence
Province
Newfoundland

Denominator
461,104

Heart disease
n
%
28,101

6.1

MI

Angina

CHF

n

%

n

%

n

%

14,392

3.1

12,542

2.7

6219

1.3
0.8

and Labrador
Prince Edward Island

116,327

6266

5.4

3130

2.7

2521

2.2

989

Nova Scotia

787,972

49,547

6.3

23,447

3.0

19,795

2.5

8893

1.1

New Brunswick

634,264

39,852

6.3

16,130

2.5

17,683

2.8

6428

1.0

Quebec

6,216,722

325,310

5.2

141,450

2.3

121,607

2.0

82,742

1.3

Ontario

9,877,292

519,357

5.3

205,616

2.1

203,722

2.1

103,153

1.0

907,494

42,881

4.7

20,993

2.3

14,874

1.6

7018

0.8
1.0

Manitoba
Saskatchewan

805,993

40,172

5.0

16,888

2.1

12,351

1.5

8091

Alberta

2,481,568

86,746

3.5

36,875

1.5

30,480

1.2

15,555

0.6

British Columbia

3,421,671

145,532

4.3

56,808

1.7

46,755

1.4

24,653

0.7

Yukon/NWT/Nunavut
Total

76,928

2589

3.4

820

1.1

930

1.2

320

0.4

25,787,334

1,286,354

5.0

536,548

2.1

483,260

1.9

264,060

1.0

NWT Northwest Territories. Data are from the 2000/2001 Canadian Community Health Survey Cycle 1.1: Public Use Microdata File
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Figure 1) Self-reported prevalence of heart disease by health region (HR). Data from the 2000/2001 Canadian Community Health Survey Cycle
1.1: Public Use Microdata File. PEI Prince Edward Island

Figure 2) Self-reported prevalence of myocardial infarction (MI) by health region (HR). Data from the 2000/2001 Canadian Community Health
Survey Cycle 1.1: Public Use Microdata File. PEI Prince Edward Island
26
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Figure 3) Self-reported prevalence of angina by health region (HR). Data from the 2000/2001 Canadian Community Health Survey Cycle 1.1:
Public Use Microdata File. PEI Prince Edward Island

Figure 4) Self-reported prevalence of congestive heart failure (CHF) by health region (HR). Data from the 2000/2001 Canadian Community Health
Survey Cycle 1.1: Public Use Microdata File. PEI Prince Edward Island
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Newfoundland to a low of 1.5% in Alberta. The highest prevalence of angina occurred in New Brunswick (2.8%) and the
lowest prevalence was found in Alberta (1.2%). For CHF,
prevalence ranged from a high of 1.3% in Newfoundland and
Quebec to a low of 0.6% in Alberta.
The lowest prevalences in the four disease categories,
across the 10 provinces, were observed in Alberta. This is
consistent with the overall east-to-west gradient observed for
heart disease, where the eastern provinces (Nova Scotia,
New Brunswick, Newfoundland, Prince Edward Island,
Quebec and Ontario) had higher than average prevalences of
heart disease, while three western provinces (Alberta,
Manitoba and British Columbia) had lower than average
prevalences of heart disease. The prevalences of MI and angina
also demonstrated similar east-to-west gradients. In terms of
CHF, the east-to-west gradient was less striking. However,
these data are to be interpreted with some caution because
the absolute number of respondents who reported having
CHF was small.
The prevalence in the territories is lower than that
observed in Alberta for heart disease (3.4% versus 3.5%), MI
(1.1% versus 1.5%) and CHF (0.4% versus 0.6%). The prevalence of angina in the territories was the same as found in
Alberta (1.2%). Overall comparison of the prevalences across
the 10 provinces and three territories identifies a 1.9-fold difference for heart disease, a 2.8-fold difference for MI, a 2.3-fold
difference for angina and a 3.3-fold difference for CHF across
these large geographical regions.

be explained in part by the higher prevalence of self-reported
smoking (current or former smoker) and diabetes in men than in
women. It has been suggested that if the sex differences in smoking behaviour were eliminated, both men and women would be
equally at risk of heart disease, with the prevalence reflecting risk
factors such as obesity and sedentary lifestyle (5).
Comparison with the United States
Data from the National Health and Nutrition Examination
Survey 1999-2002 (7) indicated that 6.9% of Americans
(n=13 million) 20 years of age and older had some form of
coronary artery disease (versus 5.0% of Canadians aged 12 and
older). Compared with Canadians 12 years of age and older,
3.5% (n=7.1 million) of Americans 20 years of age or older
had a history of heart attack (versus 2.1%), 3.8% (n=6.4 million) had angina (versus 1.9%) and 2.3% (n=4.9 million) had
a history of CHF (versus 1.0%). It should be noted that the
National Health and Nutrition Examination Survey was based
on actual physical measures in patients, whereas the CCHS
was based on self-report.

DISCUSSION

Health system impact
CVD is a leading cause of the use of physicians, drugs and hospital services (1). The magnitude of the geographical variation
suggests that regions with higher prevalences will also experience greater demand for resources (cardiologists, family doctors, and hospital services and beds) and substantially higher
health care costs for these conditions. The data presented in
this paper highlight the prevalence of heart disease in Canada
and the notable degree of regional variation.

The prevalence of heart disease varied markedly across health
regions in Canada, and an east-to-west gradient was observed.
The reasons for this variation are complex and multifactorial.
The variation may be the result of differences in cardiac risk factors, socioeconomic characteristics and ethnic mix of residents
in different health regions of Canada. The regional variation
and east-to-west gradient observed in the prevalence of heart
disease in the present study parallel the east-to-west gradients in
risk factors and cardiovascular mortality observed in Canada and
documented in previous CCORT Atlas studies by Tanuseputro
et al (5) and Filate et al (6), respectively. These previous analyses suggested that much of the variation in prevalence may be
from differences in the risk factor burden across Canada.
However, random variation from chance alone may also be an
important contributor to some of the variation observed.
The incidence and prevalence of heart disease increased
with age, and after age 50, steady increases in the prevalence of
heart disease, coronary artery disease (MI and angina) and CHF
were observed. Less of a sex difference existed for the prevalence of angina and CHF. The age-related burden of coronary
artery disease paralleled the age-related prevalence of cardiac
risk factors, such as history of smoking, hypertension and diabetes (5). The type of heart disease did vary by age group:
younger respondents were more likely to have other forms of
heart disease (eg, congenital heart disease and arrhythmias) as
opposed to coronary artery disease or heart failure.
Heart disease was more prevalent among men than among
women; most of this difference is due to the higher incidence of
MI among men. The sex difference in coronary artery disease may

Study limitations
The present study has several limitations. First, populationbased health surveys such as the CCHS rely on self-reported
data and the voluntary participation of randomly selected participants. Their quality is dependent on the participants having been diagnosed with the condition of interest by a
physician and reporting accurately in the survey. Ideally, the
data would have been validated through the collection of
physical and clinical measures, such as electrocardiograms and
echocardiograms.
Under-reporting of chronic conditions by self-report has
been identified in the literature. For example, the prevalence
of diabetes was found to be under-reported in the CCHS in
comparison with the Ontario Diabetes Database (8). In addition, people with less severe disease are less likely to report
disease in the CCHS and, thus, the estimates are likely to
under-report the true prevalence. Okura et al (9) investigated
the agreement between self-report questionnaire data and
medical record data for diabetes, hypertension, MI, stroke
and heart failure among 2037 Olmsted County (Rochester,
Minnesota, USA) residents, 45 years of age and older. The
investigators found over 90% specificity for these conditions,
but the sensitivity was low for heart failure (69%) and diabetes (66%). While the level of agreement between selfreport and the medical record was substantial for diabetes,
hypertension, MI and stroke (kappa 0.71 to 0.80), it was lower
for heart failure (kappa 0.46). The accuracy of the self-report
data was higher among younger women and better-educated
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subjects. O’Donnell et al (10) investigated the accuracy of
self-report of hospitalization for acute MI by elderly persons
aged 65 years and older in a community-based prospective
study. Among 147 individuals who self-reported MI and for
whom hospital records were available (using Medicare diagnoses as the standard), the diagnosis of MI was confirmed in
53% of self-reports. The sensitivity and specificity of selfreports were 51% and 98%, respectively. These American
validation studies suggest that our Canadian prevalence estimates may be an underestimation of the true prevalence of
conditions such as CHF and MI in Canada.
Age, sex and regional comparisons of CVD prevalence
should be interpreted with caution because large numbers of
comparisons may have led to some significant differences due
to chance alone. It should also be noted that while age and sex
standardization allow standardized comparisons between
regions, crude estimates actually allow better assessment of the
actual burden of disease in each population.
The lowest prevalence of heart disease was found in the territories. However, these data are to be interpreted with caution
because the absolute number of respondents was small.
The exclusion of populations on Indian reserves, on
Canadian Forces bases and in some remote areas is also a limitation of the present study.

CONCLUSIONS
The present paper presents data on the burden of heart disease
and specific heart conditions by subgroups of age and sex, as well
as by province or territory and health region, based on self-reported data in the CCHS. The prevalence of heart disease was low
among persons younger than 50 years of age but increased
thereafter, and was more common among men than women.
By 70 years of age, at least one in four men and one in five
women reported having heart disease.
Significant regional variation was observed in the crude
self-reported prevalence of heart disease and specific cardiac
conditions. Factors contributing to regional variation in the
prevalence of CVD warrant further investigation, and may
have important implications for health policy and planning.
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Facteurs de risque de maladie cardiovasculaire
au Canada

BACKGROUND: This paper provides an update of the prevalence
of important cardiovascular disease (CVD) risk factors in subgroups
of the Canadian population. To improve awareness of the impact of
CVD risk factor variations on disease burden, smoking-attributable
mortality (SAM) has been estimated for the first time for each health
region in Canada.
METHODS: The 2000/01 Canadian Community Health Survey
(CCHS) was used to estimate the prevalence of current smoking,
obesity, physical inactivity, low income, diabetes and hypertension.
Combining smoking prevalence data from the 2000/01 CCHS, mortality data from the 1995 to 1997 Canadian Mortality Database, and
relative risk estimates (relating smoking and smoking-associated
deaths) from the American Cancer Society’s Cancer Prevention
Study II, SAM values were generated using population-attributable
risk techniques.
RESULTS: Based on self-reported data, the 2000/01 CCHS shows
that 26.0% of Canadians currently smoke, 14.9% are obese, 53.5%
are physically inactive, 11.3% have low income, 13.0% have hypertension and 4.2% have diabetes. Cardiovascular and all-cause SAM
were estimated at 18,209 and 44,271 annual deaths, and contributed
to 23% and 22% of total CVD and all-cause mortality in Canada,
respectively. There are large variations in the prevalence of CVD risk
factors and in SAM estimates between sexes and across age groups
and geographic regions.
CONCLUSIONS: The high prevalence of potentially modifiable
CVD risk factors and the large variation that exists between subgroups of the Canadian population suggest that the burden of CVD
could be reduced through risk factor modification. While prevalence
data for risk factors in a population give an initial understanding of
some of the contributing causes of a disease, the actual burden of disease caused by a risk factor is also modified by the magnitude of the
increased risk to mortality and morbidity, and is best represented by
its estimated attributable mortality and morbidity.

Key Words: Hypertension; Obesity; Population health; Prevention;
Risk factors; Smoking

CONTEXTE : Cet article présente une mise à jour de la prévalence des
facteurs de risque de maladies cardiovasculaires (MCV) importants chez
des sous groupes de la population canadienne. Pour mieux faire comprendre l’impact des variations des facteurs de risque de MCV sur le fardeau de
la maladie, la mortalité attribuable au tabagisme (MAT) a été estimée
pour la première fois dans chacune des régions socio-sanitaires du Canada.
MÉTHODES : L’Enquête sur la santé dans les collectivités canadiennes
(ESCC) de 2000-2001 a été utilisée pour estimer la prévalence du tabagisme, de l’obésité, de l’inactivité physique, du faible revenu, du diabète et
de l’hypertension. En combinant les données de prévalence du tabagisme
de l’ESCC de 2000-2001, les données de mortalité de 1995 à 1997 de la
Base canadienne de données sur la mortalité et les estimations du risque
relatif (reliant le tabagisme et les décès associés au tabagisme) de la
Cancer Prevention Study II de l’American Cancer Society, il a été possible de produire des valeurs de MAT en utilisant les techniques d’évaluation de la fraction étiologique du risque.
RÉSULTATS : S’appuyant sur les données rapportées par les patients,
l’ESCC de 2000-2001 révèle ce qui suit : 26,0 % des Canadiens fumaient
au moment de l’enquête, 14,9 % étaient obèses, 53,5 % étaient physiquement inactifs, 11,3 % avaient un faible revenu, 13,0 % souffraient d’hypertension et 4,2 % étaient atteints de diabète. Au Canada, la MAT
d’origine cardiovasculaire et de toutes causes a été estimée à 18 209 et à
44 271 décès par année, et a contribué à 23 % et à 22 % de la mortalité
totale de cause CV et de toutes causes, respectivement. La prévalence des
facteurs de risque de MCV et les estimations de la MAT présentent de
grandes variations entre les sexes, les différents groupes d’âge et les régions
géographiques.
CONCLUSIONS : La prévalence élevée des facteurs de risque de MCV
modifiables et l’importante variation qui existe entre les sous groupes de
la population canadienne semblent indiquer que le fardeau des MCV
pourrait être réduit par une correction des facteurs de risque. Bien que les
données de prévalence des facteurs de risque dans une population puissent
aider à comprendre certaines des causes d’une maladie, le fardeau de la
maladie engendré par un facteur de risque donné est également modifié
par l’ampleur de l’accroissement du risque de mortalité et de morbidité, et
ce sont les estimations de la mortalité et de la morbidité qui lui sont
attribuables qui représentent le mieux ce fardeau.

esearch efforts in recent decades have identified many risk
factors that can contribute to the development of cardiovascular disease (CVD). Encouragingly, because many risk factors for
CVD such as smoking, physical inactivity, unfavourable lipid
cholesterol profile and hypertension are considered to be largely
modifiable, many deaths and disabilities due to CVD could be
prevented. Other major and potentially modifiable CVD risk factors include obesity, diabetes and low income. Previous Canadian

reports such as the 2003 Growing Burden of Heart Disease and
Stroke in Canada (1) have outlined differences in the prevalence
of these risk factors across the sexes, different age groups and
broad geographical regions. In recognizing these differences,
health practitioners and program planners may focus their efforts
on specific groups of the population that are in greatest need.
This paper updates the prevalence of important CVD risk
factors across subgroups of the Canadian population.
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CVD risk factors

Nationwide prevalence estimates were produced at the
health regional level, using the 2000/01 Canadian Community
Health Survey (CCHS) (2). Each examined risk factor has
implications for morbidity and mortality because it contributes to the increased incidence of cardiovascular and
other associated diseases. To illustrate the deleterious effects
of a major risk factor for CVD, smoking-attributable cardiovascular and all-cause mortality estimates have been calculated for the first time for each health region. Recognizing
that smoking is only one of the many modifiable risk factors
for CVD, and that death is but one of the many possible
health consequences of a disease, these numbers reveal only
a portion of the significant potential health benefits that
health care systems may achieve through effective risk management programs at both the population and individual
levels.

METHODS
Data sources
Risk factor prevalence estimates for CVD were derived using
responses from the 2000/01 CCHS 1.1 conducted by Statistics
Canada (2,3). This survey provides cross-sectional estimates of
health determinants, health status and health system use at a
sub-provincial level (health region or combination of health
regions). The target population of the CCHS included household residents in all provinces and territories; the principal
exclusions were populations on Indian Reserves, Canadian
Forces Bases and some remote areas. There was one randomly
selected respondent per household, although planned oversampling of youths resulted in a second member of certain households being interviewed. For the first collection cycle, only those
12 years of age and over were eligible for selection. The CCHS
cycle 1.1 began data collection in September 2000 and the total
sample size was 131,535 household respondents, representing a
response rate of 84.7%. Both computer-assisted personal and
telephone interviews were performed. Data from the National
Population Health Survey (NPHS), a methodologically similar
survey conducted by Statistics Canada in the past, was used for
the comparison years of 1996/97 (3). Statistical testing for comparisons of prevalence data was conducted using weighted bootstrap resampling techniques (4-7).
To conduct the calculations for smoking-attributable mortality
(SAM), in addition to smoking prevalence estimates from the
CCHS, disease-specific mortality counts that were partially attributable to smoking were obtained from the 1995 to 1997 Canadian
Mortality Database (8). Disease-specific relative risk estimates for
current smokers and former smokers, compared with never smokers, were also required for the calculation of SAM. This information was obtained from the Cancer Prevention Study II (9), a
prospective study of 1,185,106 adults over the age of 30 living in
the United States (10).

Variable definitions
The prevalences of six risk factors for CVD – smoking, obesity,
sedentary lifestyle, low income, diabetes and hypertension – were
obtained from the CCHS and the NPHS (2,3). For all comparisons, the CCHS and the NPHS used matching variable definitions. Current smokers were those who reported smoking
cigarettes daily or occasionally at the time of the survey. Former
smokers, the prevalence of whom (from the CCHS) was used in
the calculation of SAM, were those who reported smoking at least
100 cigarettes in their lifetime. Body mass index (BMI) was used

as an indicator of obesity. Following the World Health
Organization’s guidelines, people with a BMI of at least 30 were
considered obese and had an increased risk of developing health
problems (11). Sedentary lifestyle was determined using the
Physical Activity Index (PAI). PAI took into account the frequency, duration and intensity (using standard metabolic equivalent values) of current leisure activities (12). A person with a
calculated PAI less than 1.5 kcal/kg/day was classified as physically
inactive. Income questions were asked of respondents aged 15 years
and over; low income was defined as less than CDN$15,000 for
households with one or two people, less than CDN$20,000 for
three or four people, and less than CDN$30,000 for more than five
people (12). The prevalence of diagnosed diabetes and hypertension were self-reported.

SAM
Smoking-attributable fraction (SAF) estimated the proportion of
deaths, due to a given disease, that were caused by smoking in a
population. SAF was calculated using Levin’s formula for population-attributable risk (13), modified to take into account multiple
exposure levels of smoking (14):
Smoking Attributab le Fraction =

[(p 0 + p1 × RR1 + p2 × RR 2 ) − 1]
[p0 + p1 × RR 1 + p2 × RR 2 ]

where po, p1 and p2 represented the percentage prevalence of never, current and former smokers, respectively, while RR1 and RR2
represented the relative risk of death due to a given disease for current and former smokers, with never smokers as the reference
group.
Similarly, SAM estimated the number of excess deaths that
resulted from smoking. The calculation for SAM involved multiplying the SAF and mortality count. SAM was calculated for
each disease group, k (Appendix A), sex, age group (five-year
age groups for those between 35 and 90 years, and 90+), and for
each geographical region. The number of all-cause SAM was
simply the sum of SAM from all k disease groups, while the number of CVD SAM was the sum of SAM calculated from a subset
of CVD related deaths (Appendix A).
Five-year age- and sex-specific relative risk estimates for
ischemic heart disease, cerebrovascular disease, lung cancer and
chronic obstructive pulmonary disease were used (10). For all other
diseases, sex-specific relative risk estimates for adults over 35 years
of age were used. Conservatively, all deaths among people under
35 years of age, as well as all deaths due to perinatal conditions,
burns and environmental tobacco smoke among people in all age
groups, were excluded.
To take into account the lag time that exists between recent
changes in the prevalence of current cigarette smoking and
present SAM, smoking prevalence estimates from the CCHS
were corrected back in time using smoking data from past surveys. For SAFs associated with neoplasms and selected respiratory diseases, this was done by using an adjustment factor
calculated as the difference between the national current smoking prevalence estimate from the 2000/01 CCHS and the 1985
General Social Survey (ie, a 15- or 16-year lag time) (15). This
factor was applied to CCHS current smoking prevalence estimates at all levels of analyses. For CVD-associated SAFs, data
from the 1991 General Social Survey were used (15). For comparison purposes, all region-specific SAM rates were age-sex
standardized to the 1991 Canadian population using the direct
method.
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TABLE 1
Prevalence of risk factors for cardiovascular disease in Canadians aged 12 years and over by province and territory

Region

Current smoker

code

Province or territory

(%)

1
10
11
12
13
24
35
46
47
48
59
6001
6101
6201

Canada
Newfoundland and Labrador
Prince Edward Island
Nova Scotia
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta
British Columbia
Yukon Territory
Northwest Territories excluding Nunavut
Nunavut

26.0
29.0*
27.9
28.2*
26.4
29.5*
24.5*
25.1
27.7*
27.7*
20.6*
33.7*
46.6*
56.8*

Obesity
(BMI ≥30.0)

Hypertensive

Diabetic

(%)

(%)

(%)

13.0
15.4*
14.0
16.2*
14.5*
12.6
14.0*
13.5
12.6
10.5*
11.4*
8.5*
8.1*
6.2*

4.2
5.8*
5.0
5.2*
5.1*
4.1
4.3
4.0
4.0
3.4*
3.9
3.2
2.8*
1.9*

14.9
19.8*
18.5*
20.8*
20.2*
12.7*
15.4
18.1*
19.2*
16.3*
13.3*
18.2
22.8*
25.5*

Low income†

Number of
risk factors above
Canadian
averages

(%)

(%)

(# with P<0.05)

53.5
59.6*
56.4*
55.3*
61.1*
58.5*
53.9
55.8*
52.5
48.0*
43.7*
36.0*
55.4
52.4

11.3
18.4*
13.0
15.0*
15.5*
13.4*
9.3*
10.9
13.5*
9.3*
11.4
8.8
16.3*
38.7*

Physically
inactive

n/a
6 (6)
6 (2)
6 (6)
6 (5)
3 (3)
4 (2)
3 (2)
3 (3)
2 (2)
1 (0)
2 (1)
4 (3)
3 (3)

Data from 2000/01 Canadian Community Health Survey (3). Bolding represents health region or provincial values that are greater than the Canadian value for the
particular risk factor. *P<0.05 for the difference between regional and Canadian average; †Respondents aged 15 and over

TABLE 2
Prevalence of risk factors for cardiovascular disease by 10-year age groups
Age group (years)
Risk factor
Smoking

Category

Sex

12 to 19

Current

Male

17.7

Female
Male

Former

Diabetes

Sedentary lifestyle

Physically inactive

Income

50 to 59

80+

All ages

37.3

33.8

34.4

26.7

60 to 69
18.9

70 to 79
12.4

7.4

28.2

19.9

30.9

28.7

28.0

23.2

17.6

10.9

5.5

23.8

14.7

27.0

33.5

40.4

53.0

61.6

70.4

70.3

39.7

14.9

27.3

34.1

39.3

41.6

40.7

40.5

35.5

33.9

67.6

35.7

32.7

25.2

20.3

19.6

17.3

22.3

32.1

Female

65.3

41.9

37.2

32.7

35.3

41.7

48.6

59.0

42.2

Male

0.7

1.8

4.6

9.7

19.1

31.0

37.7

34.7

11.8

Female

0.6

2.1

3.5

8.8

21.9

34.1

46.4

45.8

14.2
4.4

Yes
Obese (BMI ≥30)

40 to 49

Male

Yes

Obesity

30 to 39

Female
Never
Hypertension

20 to 29

Male

0.3

0.6

1.5

2.8

7.2

12.7

15.8

14.0

Female

0.4

0.6

1.5

3.0

5.3

9.1

12.8

9.7

3.9

Male

5.3

11.3

15.9

17.8

20.5

18.2

12.6

8.9

14.6

Female

5.6

11.3

15.1

16.9

21.2

19.7

17.8

12.4

15.1

Male

24.8

45.4

54.4

56.4

56.7

50.0

53.0

64.8

49.7
57.0

Female

38.7

53.2

57.9

59.0

59.6

58.4

68.0

80.8

Male

12.04

9.73

7.84

7.93

7.85

10.61

8.55

13.44

9.1

Female

14.21

14.12

11.37

10.03

10.41

16.02

20.81

32.37

13.5

Low income

Data from 2000/01 Canadian Community Health Survey (3). All values are percentage prevalence

RESULTS
Obesity
Table 1 shows that 14.9% of Canadians over the age of 12 are
obese (BMI of at least 30), while additional analyses estimate
that 16.0% of Canadians are overweight (BMI 27.0 to 29.9).
The prevalence of overweight and obese Canadians increased
with increasing age group, reaching a maximum of 42% in the
50- to 59-year age group (a four-fold increase compared with
the youngest age group). The prevalence of obesity in the
50- to 59-year age group was 21% (Table 2). The prevalence of
obesity was similar in both sexes.
Sedentary lifestyle
More than half of Canadians over the age of 12 years in
2000/01 were physically inactive (Table 1). The prevalence
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of inactivity for both sexes increased with increasing age
group, with the exception of a slight increase in physical
activity from the 50- to 59- to the 60- to 69-year age group
(Table 2). A greater prevalence of physical inactivity was
observed for women in all age groups (P<0.05), with the difference being greatest (over 10%) in the youngest and oldest
age groups.
Low income
Compared with their male counterparts, Canadian females
over the age of 12 years had a higher prevalence of low
income (13.5%; 95% CI 13.1% to 14.0% versus 9.1%; 95% CI
8.7% to 9.5%) (Table 2). This trend was observed in each age
group (P≤0.05), with the greatest differences occurring in the
three oldest age groups.
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Diabetes
About 4% of CCHS respondents reported having diabetes
(Table 1). Increasing age group was associated with increasing
prevalence of self-reported diabetes. Men had a slightly higher
prevalence of diabetes than women in the four oldest age
groups (P<0.05).
Hypertension
Data from the CCHS showed that 13.0% of Canadians selfreported hypertension (Table 1). Similar to diabetes, the
prevalence of hypertension generally increased with increased
age (Table 2). Women in the four oldest age groups had a higher prevalence of hypertension, and the difference was magnified with increasing age.
Smoking
Among Canadians over the age of 12, 26% currently smoke
(Table 1). Current smoking prevalence was higher for males
(28.2%; 95% CI 27.6% to 28.7%) than females (23.8%; 95%
CI 23.3% to 24.3%). This observation was true of all age
groups, with the exception of 12- to 19-year-old females, who
had a higher smoking prevalence (19.9%; 95% CI 18.8% to
21.0%) than their male counterparts (17.7%; 95% CI 16.6%
to 18.8%). For both sexes, the highest prevalence of current
smokers was observed in the 20- to 29-year age group (37.3%
for males and 30.9% for females).
Secular trends in prevalence of risk factors
The trends in the reported prevalence of CVD risk factors
between the 1996/97 NPHS and the 2000/01 CCHS were
mixed. While the prevalence of diabetes, hypertension and
obesity rose, the prevalence of smoking, physical inactivity
and low income declined (P<0.05) (Figure 1).
SAM
Using mortality data between 1995 to 1997 for the Canadian
population over 35 years of age, it was estimated that an
annual average of 44,271 deaths, or 325 deaths per 100,000

Figure 1) Change in reported prevalence of cardiovascular disease risk
factors from 1996 to 2000, both sexes combined, in Canada. 1996 data
from the 1996/97 National Population Health Survey (3) and 2000 data
from the 2000/01 Canadian Community Health Survey (2). BMI Body
mass index

population per year (age-sex standardized), could be attributed to smoking (Table 3). Of these deaths, CVD was the
leading cause, contributing an estimated 18,209 smokingattributable deaths (133 deaths per 100,000 population), or
40.3% of all SAM.
All-cause and CVD SAM were greater in males than
females (data not shown). Of the total number of all-cause and
CVD SAM, 29,525 (66.7%) and 12,250 (67.2%) were males,
respectively. Canadian men experienced double the number of
smoking-attributable CVD and all-cause mortality, with annual
absolute differences of 6291 and 14,780 deaths, respectively.
The eastern Canadian provinces of Quebec, Nova Scotia
and Prince Edward Island had the highest all-cause SAM rates
at 383, 379 and 376 per 100,000 population, respectively. The
provinces with the lowest rates were British Columbia,
Saskatchewan, Alberta and Ontario with 287, 299, 301 and
303 SAMs per 100,000 population, respectively. The ordering
of the provinces was similar for CVD SAM rates, with the

TABLE 3
All-cause and cardiovascular disease smoking attributable mortality (SAM) in household population aged 35 and over, in
Canada, provinces and territories
All causes
Region
code

Province or territory

00

Canada

10

Newfoundland and Labrador

#SAM

Cardiovascular disease
SAM/100,000

#SAM

SAM/100,000

44,271

325

18,209

133

848

358

403

168
155

11

Prince Edward Island

256

376

107

12

Nova Scotia

1752

379

702

150

13

New Brunswick

1280

356

527

145
146

24

Quebec

12,341

383

4756

35

Ontario

15,498

303

6599

129

46

Manitoba

1848

315

825

138

47

Saskatchewan

1700

299

759

131

48

Alberta

3233

301

1381

128

59

British Columbia

5430

287

2123

113

6001

Yukon Territory

31

467

12

197

6101

Northwest Territories excluding Nunavut

30

408

10

127

6201

Nunavut

24

788

4

128

Data from 2000/01 Canadian Community Health Survey (2), 1995-1997 Canadian Mortality Database (8) and 1982-1986 Cancer Prevention Study II (9,10).
SAM rate age- and sex-standardized to 1991 Canadian population
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exception of Newfoundland and Labrador, which had the
highest rate among all provinces.
Health regional SAM data are presented on the CCORT
Web site (www.ccort.ca/cvdrisk.asp). The Montréal-Centre
region in Quebec had the highest CVD and all-cause SAM
crude estimates, despite having 72% of the population size of
the most populous health region, the Toronto Public Health
Unit in Ontario (16). The Montréal-Centre region was estimated as having 1460 CVD smoking-attributable deaths
(150 deaths per 100,000 population) compared with 1193 for
Toronto (103 deaths per 100,000 population). SAM rates varied quite widely across health regions (Figure 2). It should be
noted that for many health regions, estimates should be interpreted with caution because many crude SAM counts were
small, reflecting their susceptibility to fluctuating mortality
and smoking prevalence rates and sampling variation.
Regional variations in the prevalence of risk factors
Significant differences in the prevalence of CVD risk factors
existed between provinces and health regions in Canada
(Figure 3, Tables 1 and 4). The four Atlantic provinces – New
Brunswick, Prince Edward Island, Nova Scotia, and
Newfoundland and Labrador – were the only provinces or territories that reported prevalence estimates higher than the
Canadian national average for all six CVD risk factors examined (all six were statistically significant for the latter two
provinces). British Columbia and Alberta had the fewest number of risk factors that were significantly above the national
average (zero and one, respectively). These rankings were generally also observed for the health regions within the
provinces; 13 of the 15 regions with all six risk factors above
the national average resided in the Atlantic provinces, and 10
of the 13 regions with one or no risk factors above the national
average resided in Alberta or British Columbia. Interpretative
caution should be exercised for these findings because they do
not take into account the degree to which regional estimates
exceeded national figures.

DISCUSSION
A recent report has shown that CVD remains the leading
cause of death in Canada, resulting in almost 40% of all deaths
(16). In order to identify some of the contributing causes of the
burden of CVD disease, this paper outlined the prevalence of
major CVD risk factors in Canada. Although previous working
groups (eg, the Canadian National Consensus Conference on
Population Health Indicators) have confirmed rates of smoking, obesity, physical inactivity and other risk factors as the
health indicators of choice for assessing the health of the population (18), knowing how common a risk factor is forms only
a part of the information that clinicians and policy makers
need. In particular, policy makers benefit from knowing
1) the contribution of different risk factors to CVD health outcomes in their local regions, 2) the extent to which there are
available effective interventions both for those targeting individual patients and those based on community health promotion and primary prevention, and 3) the factors that can
improve community effectiveness of primary prevention interventions, including patient screening, provider compliance,
and patient adherence and persistence. Unfortunately, much
of this information is not typically available.
To relate risk factor prevalence to the burden of disease, we
estimated SAM for the first time at the regional level. These
34

estimates showed that 22% of total all-cause and 23% of CVD
mortality in Canada are attributable to smoking. These proportions are considerably larger than the worldwide estimates
of 9% for all causes and 12% for vascular diseases (19). Because
risk factors for CVD are also risk factors for other diseases, prevention efforts may have health benefits beyond those
observed for CVD. The large number of SAM from diseases
other than CVD highlighted some of this potential.
Table 5 shows the potential contribution of risk factors to
CVD mortality and the degree to which these factors are modifiable by health interventions. Future studies should quantify
the actual contribution of these factors at the national and
regional levels. In addition, there is a need to summarize the
potential impact of interventions that modify these risks so
that health promotion and primary care can be compared with
medical care in the improvement of population CVD outcomes. In the same way that clinicians discuss CVD risks and
other medical or surgical interventions with their patients, so
too should health planners be able to compare the risks and
benefits of different factors and interventions at the level of
their planning area. The largest impact of risk factor intervention in the population is likely to occur when a risk factor is
highly prevalent and has a high risk for CVD mortality. Under
these situations, interventions with even modest effectiveness
for modifying community risks can have a large impact on
population outcomes (20).
There were persistent gender differences in the prevalence of
risk factors for CVD. Similar to the much higher male CVD
mortality rates in Canada, men have higher prevalence rates of
current smoking, former smoking and self-reported diabetes
than women. The annual difference in the Canadian age-standardized CVD SAM between the sexes was 133 per 100,000
(data not shown). The annual difference in the age-standardized
CVD death rate for the same years of mortality (1995 to 1997)
was 120 per 100,000 (17). This suggests that differences in SAM
more than account for the higher observed CVD death rate in
males. Holding constant all other factors, Canadian women may
actually possess a higher CVD death rate if sex differences in
smoking behaviour are eliminated. The large observed variation
in the prevalence of CVD risk factors gives an indication of the
room for improvement in subgroups of the Canadian population. This variation can be used as a tool for the identification of
particular needs for intervention.
Important risk factors not in this report include blood lipid
levels and other known CVD risk factors and conditions such
as family and personal history of disease and thrombogenic factors (21,22). Many CVD risk factors are interrelated. For
example, although obesity may in part act as an independent
risk factor for CVD, it is also a risk factor for hypertension, diabetes and an unfavourable lipid profile (23).
For the CCHS and NPHS, respondents self-reported information regarding the presence of risk factors for CVD. In addition to the variability and inaccuracy that results from the
subjective nature of self-reported data, conditions such as
hypertension and diabetes are often under-reported because
self-reports cannot capture conditions that respondents are
unaware of (24-30). While the degree of under-reporting may
have varied throughout different subgroups of the population,
data from the Canadian Heart Health Survey (1986 to 1992)
estimate that 42% of Canadians 18 to 74 years of age are
unaware they have hypertension (24), while international
studies estimate about 20% of their diabetic subjects are
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Figure 2) Smoking-attributable mortality rates for cardiovascular disease, by health region (HR). PEI Prince Edward Island

Figure 3) Number of cardiovascular (CVD) risk factors per health region (HR) with a prevalence rate greater than the national average, 2000/01.
PEI Prince Edward Island
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TABLE 4
Prevalence of risk factors for cardiovascular disease in Canadians aged 12 years and older by health region, 2000/01

Region

Current smoker

Hypertensive

Diabetic

Obesity
(BMI ≥30.0)

Physically
inactive

Low income†

Number of
risk factors above
Canadian
averages

(%)

(%)

(%)

(%)

(%)

(# with P<0.05)

code

Health region

(%)

1

Canada

26.0

13.0

4.2

14.9

53.5

11.3

n/a

1001

HCS St John's region, NF

29.1

13.9

5.4

15.8

58.7*

13.7

6 (1)

1002

HCS eastern region, NF

26.7

15.7*

6.1*

21.4*

59.5*

24.0*

6 (5)

1003

HCS central region, NF

28.1

18.8*

7.4*

25.1*

61.7*

18.6*

6 (5)

1004

HCS western region, NF

30.4

14.4

5.1

17.1

62.0*

21.4*

6 (2)

1005

Grenfell Regional Health Services Board, NF 29.2

15.1

3.8

24.5*

61.8*

18.4*

5 (3)

1006

Health Labrador Corporation, NF

38.6*

13.4

4.0

24.6*

47.6*

13.6

4 (2)

1101

Urban Health Region, PEI

28.2

13.0

4.7

15.8

57.4*

12.8

6 (1)

1102

Rural Health Region, PEI

27.6

15.0*

5.3

20.9*

55.4

13.1

6 (2)

1201

Zone 1, NS

30.9*

18.8*

6.6*

26.9*

62.8*

18.1*

6 (6)

1202

Zone 2, NS

29.8

12.8

4.6

8.6*

51.9

17.8*

4 (2)

1203

Zone 3, NS

29.9

18.5*

7.0*

20.5*

56.5

18.0*

6 (4)

1204

Zone 4, NS

23.7

16.5*

6.9

22.1*

54.4

17.0*

5 (3)

1205

Zone 5, NS

29.6*

21.7*

5.9*

22.3*

56.2

22.3*

6 (5)

1206

Zone 6, NS

27.3

13.6

3.6

18.5*

53.1

9.6

3 (1)

1301

Region 1, NB

27.6

15.5*

5.0

21.9*

61.6*

14.1

6 (3)

1302

Region 2, NB

23.4

15.5*

4.5

19.6*

62.1*

13.3

5 (3)

1303

Region 3, NB

27.0

11.5

5.5

20.7*

62.4*

16.4*

5 (3)

1304

Region 4, NB

27.2

13.8

5.3

18.0

60.2*

15.0

6 (1)

1305

Region 5, NB

33.7*

18.8*

6.5

20.2

55.4

15.4

6 (2)

1306

Region 6, NB

23.9

13.4

4.5

16.6

58.1*

21.2*

5 (2)

1307

Region 7, NB

29.0

17.4*

6.1

23.8*

61.6*

16.0

6 (3)

2401

Bas-Saint-Laurent, QC

29.4

13.2

4.2

11.8*

60.8*

17.7*

5 (2)

2402

Saguenay-Lac-Saint-Jean, QC

32.4*

14.6

3.5

12.5*

64.0*

14.1

4 (2)

2403

Québec, QC

27.8

13.6

5.2

9.8*

55.2

12.4

5 (0)

2404

Mauricie et Centre-du-Québec, QC

31.0*

12.4

3.1*

13.4

57.1

13.5*

3 (2)

2405

Estrie, QC

29.7

12.2

3.6

12.7

64.0*

13.3

3 (1)

2406

Montréal-Centre, QC

26.9

12.7

4.3

12.5*

61.0*

17.3*

4 (2)

2407

Outaouais, QC

39.3*

11.8

4.4

15.0

55.9

14.7*

5 (2)

2408

Abitibi-Témiscamingue, QC

32.2*

13.4

3.2*

12.4*

53.3

13.6

3 (1)

2409

Côte-Nord, QC

35.9*

15.8

5.1

18.3

56.5

13.6

6 (1)

2410

Nord-du-Québec, QC

35.4*

2.8*

16.3

43.0*

9.7

2 (1)

9.7*

2411

Gaspésie-Îles-de-la-Madeleine, QC

32.8*

14.4

4.6

14.0

55.1

18.8*

5 (2)

2412

Chaudière-Appalaches, QC

26.4

10.7*

3.1*

12.3*

65.6*

14.4*

3 (2)

2413

Laval, QC

27.7

12.2

3.9

13.8

60.0*

7.2*

2 (1)

2414

Lanaudière, QC

33.3*

12.4

4.3

13.4

58.0*

9.5

3 (2)

2415

Laurentides, QC

31.2*

3.9

11.9*

53.4

12.5

2 (1)

2416

Montérégie, QC

29.1*

13.0

4.3

13.0*

56.1

9.8

4 (1)

9.5*

3526

Algoma PHU, ON

30.4*

20.0*

6.2*

20.2*

47.9*

17.9*

5 (5)

3527

Brant PHU, ON

29.8

11.6

3.6

18.9

47.3*

8.0*

2 (0)

3530

Durham PHU, ON

27.6

11.6

3.8

15.5

53.7

7.7*

3 (0)

3531

Elgin-St Thomas PHU, ON

27.8

16.1*

5.1

16.8

58.8*

6.0*

5 (2)

3533

Bruce-Grey-Owen Sound PHU, ON

24.5

16.0*

5.6

16.5

56.7

10.7

4 (1)

3534

Haldimand-Norfolk PHU, ON

28.1

15.5*

4.6

19.5*

52.7

10.1

4 (2)

3535

Haliburton-Kawartha-Pine Ridge PHU, ON 26.5

15.7*

5.4

17.2

40.8*

9.1*

3536

Halton PHU, ON

23.6

13.7

3.4

16.4

48.6*

3.7*

3537

Hamilton PHU, ON

26.7

17.2*

5.4

18.9*

49.3*

10.7

4 (1)
2 (0)
4 (2)

3538

Hastings and Prince Edward PHU, ON

27.5

16.7*

3.9

17.3

53.9

9.2

4 (1)

3539

Huron PHU, ON

21.4*

16.5*

7.4*

17.3

45.4*

8.2*

3 (2)

3540

Kent-Chatham PHU, ON

27.2

14.3

4.2

19.6*

51.4

9.6

4 (1)

3541

Kingston-Frontenac-Lennox
and Addington PHU, ON

24.7

14.5

5.3

17.8

48.9

11.1

3 (0)

3542
3543

Lambton PHU, ON
Leeds-Grenville-Lanark PHU, ON

27.2
30.1*

14.1
14.0

5.5
4.4

20.7*
20.5*

47.3*
45.1*

10.5
10.1

4 (1)
4 (2)

Continued on next page
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TABLE 4 (continued)
Prevalence of risk factors for cardiovascular disease in Canadians aged 12 years and older by health region, 2000/01

Low income†

Number of
risk factors above
Canadian
averages

code

Health region

(%)

(%)

(%)

(%)

(%)

(%)

(# with P<0.05)

3544

Middlesex-London PHU, ON

22.4*

14.3

4.6

15.9

51.8

11.5

3545

Muskoka-Parry Sound PHU, ON

27.5

18.7*

4.0

17.2

47.4*

12.2

4 (1)

3546

Niagara PHU, ON

24.9

16.1*

5.6

17.3

56.8

9.7

4 (1)

3547

North Bay PHU, ON

27.4

14.7

5.4

21.4*

45.4*

13.3

5 (1)

3549

Northwestern PHU, ON

30.4*

16.5*

3.8

23.9*

43.8*

8.9

3 (3)

3551

Ottawa PHU, ON

21.1*

11.3*

3.3

14.3

48.2*

9.5

0 (0)

3552

Oxford PHU, ON

26.0

14.7

4.4

19.8*

52.7

6.4*

4 (1)

3553

Peel PHU, ON

21.2*

13.5

4.1

13.3*

60.0*

6.4*

2 (1)

3554

Perth PHU, ON

24.1

13.6

4.8

14.0

64.3*

5.2*

3 (1)

3555

Peterborough PHU, ON

23.4

14.5

6.3*

15.7

40.9*

8.5*

3 (1)

3556

Porcupine PHU, ON

29.5

15.8*

4.3

23.0*

47.0*

9.7

4 (2)

3557

Renfrew PHU, ON

27.5

17.4*

4.8

19.1*

45.0*

10.0

4 (2)

3558

Eastern Ontario PHU, ON

31.6*

13.3

4.3

20.6*

45.9*

12.2

3568

Windsor-Essex PHU, ON

26.7

15.4*

6.1*

18.2*

54.2

3570

York PHU, ON

23.0*

12.0

3.8

11.8*

49.2*

3595

Toronto PHU, ON

21.6*

13.0

3.5

11.4*

62.9*

4610

Winnipeg, MB

25.2

13.6

3.4

16.3

55.8

4615

Brandon, MB

26.0

13.2

4.6

17.3

50.8

12.6

5 (0)

4620

North Eastman, MB

24.2

15.4

3.1

20.2*

47.2

8.6

2 (1)

Region

Current smoker

Hypertensive

Diabetic

Obesity
(BMI ≥30.0)

Physically
inactive

4625

South Eastman, MB

21.8*

11.8

3.4

19.6*

61.4*

4630

Interlake, MB

28.8

16.5*

7.0*

24.6*

53.2

4640

Central, MB

23.1

10.4*

4.1

18.4*

4650

Marquette, MB

20.0*

13.7

5.4

20.3*

4655

South Westman, MB

19.4*

13.9

5.2

18.1

4660

Parkland, MB

24.8

14.7

5.6

4670

Norman, MB

26.1

12.2

5.3

4 (0)

5 (2)

8.3*

5 (3)

4.1*

0 (0)

11.8
9.9*

8.0*

3 (1)
3 (0)

2 (2)

10.6

4 (3)

64.1*

13.7

3 (2)

56.2

13.2

5 (1)

60.5*

19.4*

5 (2)

23.5*

53.5

16.7*

5 (2)

26.2*

38.4*

9.9

3 (1)
4 (2)

4680

Burntwood/Churchill, MB

43.4*

10.9

2.5*

24.7*

55.0

13.5

4701

Weyburn SA, SK

25.4

14.5

5.2

19.7*

59.7*

13.3

5 (2)

4702

Moose Jaw SA, SK

25.4

15.7*

4.1

18.7

55.6

14.7

4 (1)
3 (1)

4703

Swift Current SA, SK

23.8

12.3

4.6

18.5*

55.2

9.6

4704

Regina SA, SK

28.1

11.7

2.9*

17.0

51.6

11.9

3 (0)

4705

Yorkton SA, SK

26.0

19.1*

5.2

23.4*

58.3

19.4*

6 (3)

4706

Saskatoon SA, SK

26.6

10.6*

3.5

18.2*

49.7*

12.1

3 (1)

4707

Rosetown SA, SK

27.6

13.0

4.9

20.2*

57.8

16.4

5 (1)

4708

Melfort SA, SK

25.6

14.4

4.7

20.8*

55.2

19.9*

5 (2)

4709

Prince Albert SA, SK

31.1*

13.9

6.5

26.5*

48.8*

14.5*

5 (3)

4710

North Battleford SA, SK

33.3*

12.7

4.2

18.9*

55.1

12.0

5 (2)

4711

Northern Health Services Branch, SK

41.4*

4.4

19.4*

41.4*

24.7*

4 (3)

4801

Chinook RHA, AB

25.4

12.1

4.1

20.0*

57.2

9.8

2 (1)

4802

Palliser HA, AB

28.2

12.9

4.6

17.5

53.3

7.9*

3 (0)

4803

Headwaters HA, AB

26.6

10.1*

2.0*

16.6

45.0*

5.9*

2 (0)

4804

Calgary RHA, AB

25.2

8.7*

3.1*

14.2

46.9*

9.5*

0 (0)

4805

HA #5, AB

27.5

4.2

16.9

55.8

9.9

4 (0)

4806

David Thompson RHA, AB

29.5

11.6

2.6*

19.6*

52.6

9.3

2 (1)

4807

East Central HA, AB

32.6*

14.0

3.1

21.6*

57.2

12.5

5 (2)

4808

Westview RHA, AB

27.2

4.3

21.4*

44.0*

9.2

3 (1)

4809

Crossroads RHA, AB

30.3

13.4

3.5

18.7

47.9*

8.9*

3 (0)

4810

Capital HA, AB

28.3

11.3*

3.3

14.6

44.8*

9.5*

1 (0)

4811

Aspen RHA, AB

28.6

11.7

4.4

20.0*

53.2

7.8*

3 (1)

4812

Lakeland RHA, AB

31.4*

12.0

4.3

19.5*

47.0*

4813

Mistahia RHA, AB

31.2*

10.1*

3.5

17.1

46.3*

5.4*

2 (1)

4814

Peace RHA, AB

31.6

10.3

2.4*

17.5

46.9*

9.8

2 (0)

4815

Keeweetinok Lakes RHA, AB

39.7*

13.2

5.3

22.2*

44.4*

12.8

4816

Northern Lights RHA, AB

33.2*

3.6

18.9*

47.1*

9.0*

7.2*

9.6*

8.0*

11.4

3.4*

4 (2)

5 (2)
2 (2)

Continued on next page
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TABLE 4 (continued)
Prevalence of risk factors for cardiovascular disease in Canadians aged 12 years and older by health region, 2000/01

Region
code
Health region

Current smoker
(%)

Hypertensive
(%)

Diabetic
(%)

Obesity
(BMI ≥30.0)
(%)

Physically
inactive Low income†
(%)
(%)

Number of
risk factors above
Canadian
averages
(# with P<0.05)

4817

Northwestern RHA, AB

27.4

13.5

—‡

30.0*

55.2

5901

East Kootenay, BC

26.4

11.4

4.0

18.4

36.2*

11.7

3 (0)

5902

West Kootenay-Boundary, BC

24.7

11.7

4.1

16.1

38.4*

14.9*

2 (1)

5903

North Okanagan, BC

17.7*

11.1

3.0*

14.1

48.0*

13.6

1 (0)

5904

South Okanagan Similkameen, BC

24.6

15.6

4.5

13.6

45.3*

9.9

2 (0)
3 (1)

6.1*

5 (1)

5905

Thompson, BC

25.9

10.6*

4.4

16.1

41.5*

17.8*

5906

Fraser Valley, BC

25.2

12.7

5.4

16.1

42.5*

11.9

3 (0)

5907

South Fraser Valley, BC

16.8*

10.0*

3.0*

14.5

44.8*

9.1

0 (0)

5908

Simon Fraser, BC

19.6*

11.7

4.5

15.8

55.5

9.0*

3 (0)

5909

Coast Garibaldi, BC

21.6*

10.3*

3.0

15.7

35.0*

7.7*

1 (0)

5910

Central Vancouver Island, BC

24.9

12.1

4.1

14.9

44.4*

12.9

2 (0)

5911

Upper Island/Central Coast, BC

20.8*

12.8

5.2

14.1

35.3*

11.0

1 (0)

5912

Cariboo, BC

24.3

14.1

6.3*

17.3

40.1*

12.5

4 (1)

5913

North West, BC

25.3

11.7

5.1

21.0*

38.9*

10.6

2 (1)

5914

Peace Liard, BC

26.7

9.8*

2.9*

18.5

40.1*

9.2

2 (0)

5915

Northern Interior, BC

30.4*

10.0*

3.5

17.4

47.5*

12.6

3 (1)

5916

Vancouver, BC

19.6*

10.5*

4.2

9.3*

45.0*

15.0*

2 (1)

5917

Burnaby, BC

18.0*

10.1*

3.6

9.4*

45.6*

14.3

5918

North Shore, BC

16.1*

9.1*

2.6*

9.6*

32.1*

5919

Richmond, BC

14.0*

11.0

3.3

7.7*

48.9*

5920

Capital, BC

18.7*

13.7

3.5

10.0*

38.0*

6001

Yukon Territory

33.6*

8.5*

3.2

18.2

6101

Northwest Territories excluding Nunavut

46.6*

8.1*

2.8*

22.8*

6201

Nunavut

56.8*

6.2*

1.9*

25.5*

52.4

7.4*
11.4

1 (0)
0 (0)
1 (0)

9.3*

1 (0)

36.0*

8.8

2 (1)

55.4

16.3*

4 (3)

38.7*

3 (3)

Data from the 2000/01 Canadian Community Health Survey (CCHS) (2). Bolding represents health region or provincial values that are greater than the Canadian
value for the particular risk factor. *P<0.05 for difference between regional and Canadian average; †Respondents aged 15 and over; ‡Data with a coefficient of
variation greater than 33.3% was supressed due to extreme sampling variability. AB Alberta; BC British Columbia; BMI Body mass index; HA Health authority;
HCS Health and community services; MB Manitoba; NB New Brunswick; NF Newfoundland and Labrador; NS Nova Scotia; ON Ontario; PEI Prince Edward Island;
PHU Public health unit; QC Quebec; RHA Regional health authority; SA Service areas; SK Saskatchewan

TABLE 5
Burden and modifiability of cardiovascular disease (CVD) risk factors
Prevalence
(trend)*

Risk factor
Current smoking
Obesity (BMI ≥30) or overweight (BMI >27)
Sedentary lifestyle
Low income
Diabetes
Hypertension
Age
Sex (male)
New emerging CVD risk factors§

Increased risk
of CVD mortality†

+++ (↓)
+++ (↑)
++++ (↑)
++ (↓)
+ (↑)
++ (↑)
–
–
?

Attribution to total
CVD mortality‡

++
+++
–
–
+++
+++
++++
++
?

+++
++++
++++
+++
+
+++
–
–
?

Modifiability through
primary prevention
(30,31)

Modifiability
through 2° and 3°
prevention (30,31)

++++
++
+++
–
++
+
–
–
?

++
+
–
–
+++
++++
–
–
?

*Prevalence data obtained from the 2000/01 Canadian Community Health Survey (2). Trend in prevalence was determined through comparison to data from the
1996/97 National Population Health Survey, and were all significant with P<0.05; †Rating derived from the number of points given for each risk factor in the assessment of cardiovascular risk in the Framingham study (33); ‡Determined using population-attributable risk estimates, considering the prevalence of the risk factor and
the increase in risk of CVD mortality due to the presence of the risk factor (32); §Includes thrombogenic factors, homocysteine, markers of inflammation, infection
and genetics (20). BMI Body mass index; 2° Secondary; 3° Tertiary

TABLE 5 Legend

Rating

Prevalence

Increased risk
to CVD:
Global risk score

+
++
+++
++++

0 to 10%
10% to 20%
20% to 35%
>35%

0 to 1
1 to 2
2 to 5
>5

Attribution to total
CVD mortality
0% to 20%
20% to 25%
25% to 30%
>30%

Modifiability through
primary prevention
(30,31)

Modifiability
through 2° and 3°
prevention (30,31)

Weak plausibility and evidence of modifiability
Moderate plausibility and evidence of modifiability
Strong plausibility or evidence of modifiability
Strong plausibility and evidence of modifiability.

2° Secondary; 3° Tertiary
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unaware (26,29), and validation of self-reported diabetes from
the NPHS suggested an unquantified level of under-reporting
(30). Regional, age and sex comparisons of risk factor prevalence
should be done cautiously because the large number of comparisons may have led to differences caused by chance alone. It
should also be noted that age-sex standardization was not conducted for any of the prevalence estimates presented. Although
standardization would allow fair comparisons between regions,
crude estimates allow better assessment of the actual burden of
disease in each population. There are several limitations and
interpretative cautions for the calculation of SAM estimates
resulting from error and variability for prevalence, mortality and
relative risk data.

CONCLUSIONS
As advances in medical and public health further our understanding of CVD, our views on its risk factors and the role of
individual and community interventions have broadened
beyond genetic, health care and lifestyle factors to aspects of the
social and economic environments. Previous reports such as the
2003 Growing Burden of Heart Disease and Stroke in Canada (1)
have, however, indicated the complexity of preventing CVD. A
successful prevention program requires coordination of primary,
secondary and tertiary prevention, in addition to primordial
prevention that addresses underlying conditions (including
social and economic concerns) that lead to exposure to
causative factors.
APPENDIX A
International Classification of Diseases, ninth revision
[ICD-9] codes signifying most responsible underlying
condition on death certificate (used for smokingattributable mortality calculations)
Disease group (k) Cause of death

ICD-9-CM code

Neoplasms
1

Lip, oral cavity, pharynx

2

Esophagus

140 to 149
150

3

Pancreas

157

4

Larynx

161

5

Trachea, lung, bronchus

162

6

Cervix uteri

180

7

Urinary bladder

188

8

Kidney, other urinary

189

Cardiovascular diseases
9

Rheumatic heart disease

390 to 398

10

Hypertension

401 to 404

11

Ischemic heart disease

410 to 414

12

Pulmonary heart disease

415 to 417

13

Cardiac arrest/other heart disease 420 to 429

14

Cerebrovascular disease

15

Atherosclerosis

440

16

Aortic aneurysm

441

17

Other arterial disease

430 to 438

442 to 448

Respiratory diseases
18

Respiratory tuberculosis

010 to 012

19

Pneumonia, influenza

480 to 487

20

Bronchitis, emphysema

490 to 492

21

Asthma

493

22

Chronic airway obstruction

496
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Chapter 6: Regional variations in cardiovascular mortality
in Canada
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variations in cardiovascular mortality in Canada. Originally
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Mortalité d’origine cardiovasculaire :
variations régionales au Canada

BACKGROUND: Cardiovascular disease (CVD) is the leading
cause of death in Canada with wide, unexplained regional variations
in heart disease mortality. However, no studies to date have explored
the relationship between a number of health region characteristics
and regional variation in heart disease mortality rates across Canada.
INTRODUCTION: We studied the contribution of various traditional cardiac risk factors, social determinants of health and other
community characteristics to regional variations in heart disease
mortality rates across Canada.
METHODS: Cardiovascular disease and ischemic heart disease
(IHD) age-standardized mortality rates were obtained from Statistics
Canada for three years – 1995 to 1997. Health region characteristics
were taken from the 2000/2001 Canadian Community Health
Survey, and the 1996 Canadian Census and the Labour Force Survey.
Linear regression analyses and analyses of variance were employed to
identify relationships between these health region characteristics and
CVD and IHD mortality rates.
RESULTS: Significant regional variations in CVD mortality rates
per 100,000 population were observed. Newfoundland and Labrador
had the highest CVD and IHD mortality rates, while Nunavut and
the Northwest Territories had the lowest CVD and IHD mortality
rates. Health region smoking and unemployment rates were identified as the most important factors associated with CVD and IHD
mortality at the health region level.
CONCLUSIONS: Significant regional variations in age-standardized
CVD and IHD mortality were noted both at the provincial/territorial
level and the health region level. Efforts to reduce CVD and IHD
mortality in Canada require attention to both traditional risk factors
(eg, smoking) and broader determinants of health (eg, unemployment rates).

CONTEXTE : Les maladies cardiovasculaires (MCV) constituent la
principale cause de décès au Canada, et la mortalité qui y est liée connaît
d’importantes variations régionales inexpliquées. Cependant, aucune
étude n’a porté sur le lien entre certaines caractéristiques des régions sanitaires et les variations régionales enregistrées de taux de mortalité d’origine cardiaque au Canada.
INTRODUCTION : Nous avons étudié le poids de différents facteurs de
risque classiques de MCV, de déterminants sociaux de la santé et d’autres
caractéristiques des collectivités dans les variations régionales de taux de
mortalité d’origine cardiaque au Canada.
MÉTHODE : Nous avons obtenu de Statistique Canada les taux de mortalité par MCV et cardiopathie (CP), normalisés selon l’âge pour les
années 1995 à 1997. Quant aux caractéristiques régionales, elles ont été
tirées de l’Enquête sur la santé dans les collectivités canadiennes 20002001, du recensement de 1996 et de l’Enquête sur la population active.
Des liens entre les caractéristiques des régions sanitaires et les taux de
mortalité par MCV et CP ont été établis à partir d’analyses de régression
linéaire et d’analyses de la variance.
RÉSULTATS : D’importantes différences régionales ont été relevées
quant aux taux de mortalité liés aux MCV par tranche de 100 000 habitants. Terre-Neuve et le Labrador ont enregistré les taux de mortalité par
MCV et CP les plus élevés, tandis que le Nunavut et les Territoires du
Nord-Ouest ont enregistré les taux les plus faibles. Les taux régionaux de
tabagisme et de chômage se sont révélés les principaux facteurs associés à
la mortalité par MCV et CP au niveau des régions sanitaires.
CONCLUSIONS : D’importantes différences régionales ont été relevées
quant aux taux de mortalité par MCV et CP, normalisés selon l’âge, tant
au niveau provincial ou territorial qu’au niveau régional. Les efforts visant
à réduire la mortalité par MCV et CP au Canada devraient cibler à la fois
les facteurs de risque classiques de MCV (tabagisme) et des déterminants
plus larges de la santé (taux de chômage).

Key Words: Cardiovascular disease mortality; Determinants of
health; Ischemic heart disease mortality; Regional variation; Regression

ardiovascular disease (CVD) is the leading cause of mortality
in Canada, accounting for the deaths of 78,942 Canadians in
1999 (1). However, there is wide, unexplained variation in the
rates of death from CVD in different health regions of Canada.
The first objective of this paper is to describe regional variations
in mortality rates for CVD and ischemic heart disease (IHD) in
Canada. Specifically, we present age-standardized mortality rates

C

for CVD and IHD by province and health region averaged over
three years (1995 to 1997). We then analyze the relationship
between various health region characteristics and age-standardized
CVD and IHD mortality rates, using data taken from the
Canadian Community Health Survey (CCHS) (2) and from the
1996 Canadian Census (3) and the Labour Force Survey (4)
from Statistics Canada. An understanding of the factors that
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may explain regional variations in mortality rates is necessary
before interventions can be undertaken to reduce the death rate
from cardiac disease.
Previous studies have demonstrated geographic variations
in heart disease mortality in the United States (2), within
Canada (6,7) and in Ontario (8). However, no studies have
examined the association between various health region characteristics and geographic variations for heart disease mortality
across Canada. Studies have shown that CVD mortality varies
in the United States according to levels of urbanization (9).
Moreover, a study conducted by Sundquist and colleagues (10)
demonstrated that neighbourhood environment factors,
including unemployment status and sociodemographic factors,
have an intermediate influence on CVD risk factors and
lifestyle factors. In this study, we aimed to determine the relationship between health region characteristics and CVD and
IHD mortality rates in Canada.
We hypothesized that variations in the prevalence of traditional cardiac risk factors, such as smoking and obesity, likely
contribute to regional variations in death rates. However, we
also suspected that nonmedical social determinants of health,
including socioeconomic status and urbanism, may play an
important role in regional differences in mortality from heart
disease. As such, this paper compares the relative impact of
both the medical and broader determinants of cardiovascular
health on heart disease mortality.

METHODS
Data sources
Age-standardized mortality rates, calculated using death
counts and population size estimates by province, were
obtained from Statistics Canada (11). Causes of death categories were defined as CVD diagnoses (International
Classification of Diseases, 9th Revision [ICD-9] codes 390 to
459) and IHD (ICD-9 codes 410 to 414). IHD deaths refer
strictly to those deaths due to IHD (ie, acute myocardial
infarction and angina), whereas CVD deaths include IHD
deaths but also deaths due to arrhythmias, congestive heart
failure, stroke and other cardiac disorders. Cardiac risk factors
and some measures of social determinants of health, by health
region, were obtained from the first round of the CCHS from
Statistics Canada in 2000/2001 (11). The key objective of the
CCHS is to provide estimates of health determinants, health
status and health system utilization patterns of Canadians by
health region. Data from the CCHS covered approximately
98% of the Canadian population aged 12 years or older (12).
The total sample size of the first cycle of the CCHS was
131,535 household respondents, representing a response rate of
84.7% (13). As a population-based survey, the CCHS is subject
to biases. The survey relies on self-report or proxy-report and
the voluntary participation of randomly selected participants,
and as such, the results were not independently verified (12).
Data were obtained from the 2000/2001 CCHS because earlier
estimates by health region were not available. Data on other
community characteristics and measures of socioeconomic status
were obtained from the 1996 Canadian Census (3) and the
Labour Force Survey (4) from Statistics Canada.
Statistical analyses
Mortality data for this study were provided by Statistics
Canada. Rates were calculated for each province, territory and
health region for adults 20 years of age and older. Deaths that
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could not be attributed to a particular province or age or sex
group were excluded from the analysis to not bias the results.
Rates were age standardized using the direct method and the
1991 Canadian Census population structure. Rates were based
on averaged mortality data for three years – 1995 to 1997 – to
enable more stable estimates at the health region level. This
average was subsequently divided by the population estimate of
the middle year, 1996.
To examine the relationship between health region factors
and heart disease mortality, we grouped health region-level
characteristics collected in the CCHS and the 1996 Census
and the Labour Force Survey into three categories: traditional
cardiac risk factors (prevalence of daily smoking, obesity, high
blood pressure and physical inactivity); social determinants of
health (proportion of the population with postsecondary education, unemployed, with low income rate, with income
inequality and with high life stress); and other community
characteristics (population density, immigrant population,
minority population and urban population). To elucidate the
unique contribution of each community characteristic per category to CVD and IHD mortality, two sets of three multivariate linear regression models were created. To keep the analyses
simple, logistical regressions were not carried out. Definitions
of the health region characteristics from the CCHS, the
Canadian Census and the Labour Force Survey that were
examined can be found in Appendix I of this paper.
To further explore the relationship between CVD and IHD
mortality rates and traditional cardiac risk factors, social determinants of health and other community characteristics, analyses of variance were conducted. In these analyses, health
regions were categorized according to the distribution of their
CVD and IHD mortality in five mortality rate ratio groups relative to the national average (minimum to less than 0.75,
0.75 to less than 0.90, 0.90 to less than 1.10, 1.10 to less than
1.30, 1.30 to maximum). Within each rate ratio category, the
prevalence of each community characteristic among health
regions was averaged. Analyses of variance were conducted to
determine whether the differences in the average prevalence of
the characteristics between mortality rate ratio categories were
beyond what would be expected by chance alone.
Interpretative cautions
Readers should use caution when interpreting regional differences in mortality rates. It is likely that some differences may
be the result of chance alone, particularly when a large number
of comparisons are being made (8). Furthermore, other
researchers and studies have expressed apprehension about the
quality of cause-of-death information recorded on death certificates, particularly with regards to IHD (8). While there is
uncertainty about the accuracy of the cause of death recorded
on death certificates in Canada, it is unlikely that differences
in death certificate coding explain all of the regional differences in cardiovascular mortality in Canada.

RESULTS
Age-standardized CVD and IHD mortality rates per 100,000
population by province from 1995 to 1997 are shown in
Table 1. The overall Canadian age-standardized CVD and
IHD mortality rates were 245.8 and 136.4/100,000 population, respectively. Provincial CVD mortality rates ranged
from a high of 320.6/100,000 population in Newfoundland
and Labrador to a low of 196.9/100,000 population in the
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Northwest Territories. Most provinces had a CVD mortality
rate higher than the national average except for
Saskatchewan, British Columbia, Ontario, the Northwest
Territories and Nunavut. Across all provinces, men had a
higher CVD mortality rate than women. The overall
Canadian CVD mortality rate for men was 316.7/100,000 population, while for women, it was 192.7/100,000 population.
Provincial IHD mortality rates ranged from a high of
176.6/100,000 population in Newfoundland and Labrador to a
low of 40.2/100,000 population in Nunavut. Several provinces
had an IHD mortality rate that was higher than the Canadian
average, including Newfoundland and Labrador, Prince
Edward Island, Nova Scotia, Quebec, Ontario and Manitoba.
Across all provinces, as with CVD mortality, men had a higher
IHD mortality rate than women. The overall Canadian IHD
mortality rate for men was 188.8/100,000 population and for
women was 97.3/100,000 population.
Figure 1 is a map of age-standardized CVD mortality rates
by health region in Canada from 1995 to 1997. Less densely
populated regions had higher rates of CVD mortality than
more densely populated regions in Canada, with the exception of some northern communities, as shown in this map.
The health region with the highest CVD mortality rate was
Région de Nunavik in Quebec, with a mortality rate of
430.8/100,000 population. Other health regions with higher
than average CVD mortality rates included the Grenfell
Regional Health Services Board, and the Health and
Community Services Eastern Region of Newfoundland and
Labrador, as well as the Northern Lights Health Authority in
Alberta, with death rates of 363.2, 362.4 and 354.9/100,000
population, respectively. The health region with the lowest
CVD mortality rate was the Northwestern Regional Health
Authority in Alberta, with a rate of 167.0/100,000 population. The health region of Richmond, British Columbia also
had a low CVD mortality rate compared with the rest of
Canada, with a rate of 192.5/100,000 population.
Figure 2 is a map of age-standardized IHD mortality rates by
health region in Canada from 1995 to 1997. As was the case
with CVD mortality, IHD mortality was higher in regions that
were less densely populated than in regions that were more
densely populated, with the exception of a few northern communities. The health regions with the highest IHD mortality
rates compared with the Canadian average included KentChatham Public Health Unit in Ontario, Northern Lights
Regional Health Authority in Alberta, and the Health and
Community Services Eastern Region of Newfoundland and
Labrador at 234.1, 227.8 and 206.6/100,000 population,
respectively. The health region with the lowest IHD mortality
rate was Nunavut, with a rate of 40.2/100,000 population.
Other health regions with low IHD mortality rates included
the Northwest Territories, Prince Albert Service Area in
Saskatchewan and Capital Health Region in British
Columbia, with mortality rates of 85.0, 96.9 and 97.4/100,000
population, respectively. Supplementary data tables showing
the age-standardized CVD and IHD mortality rates for each
health region in Canada are available on the Canadian
Cardiovascular Outcomes Research Team (CCORT)’s Web
site (www.ccort.ca/VariationsCVMort.asp).
Table 2 summarizes the results of the regression analyses of
various health region characteristics with CVD and IHD mortality. The prevalence of daily smokers in health regions was
very significantly related to both CVD and IHD mortality

TABLE 1
Age-standardized cardiovascular and ischemic heart
disease mortality rates per 100,000 population in Canada,
1995 to 1997, classified by province/territory and sex
Cardiovascular disease
Province or territory

Mortality rate per 100,000 population
Men
Women
Overall

Canada

316.7

192.7

245.8

Newfoundland and Labrador

406.1

252.2

320.6

Prince Edward Island

356.8

198.2

267.1

Nova Scotia

345.6

197.5

259.5

New Brunswick

334.3

199.1

257.7

Quebec

325.8

192.5

247.6

Ontario

314.4

194.5

245.7

Manitoba

331.9

204.6

259.6

Saskatchewan

308.4

180.1

237.9

Alberta

311.2

199.3

249.0

British Columbia

285.8

174.3

223.1

Yukon

350.4

231.2

288.7

Northwest Territories

240.9

146.8

196.9

Nunavut

241.9

189.5

215.6

Ischemic heart disease
Province or territory

Mortality rate per 100,000 population
Men
Women
Overall

Canada

188.2

97.3

136.4

Newfoundland and Labrador

238.1

127.8

176.6

Prince Edward Island

203.3

102.2

147.8

Nova Scotia

204.5

92.6

139.4

New Brunswick

176.0

93.9

129.6

Quebec

199.5

102.3

142.9

Ontario

194.1

102.8

141.8

Manitoba

194.5

101.8

142.4

Saskatchewan

173.4

81.6

123.0
127.9

Alberta

173.7

91.6

British Columbia

158.1

77.8

113.0

Yukon

154.6

85.3

119.2

Northwest Territories

105.0

62.8

85.0

56.0

*

40.2

Nunavut

*Data suppressed due to very small underlying counts and extremely high
variability. Standardized to 1991 population. Data from reference 11

(P<0.01). The prevalence of obese individuals in health
regions was significantly related to CVD mortality but not to
IHD mortality (P<0.01 versus P=0.62). Among social determinants of health, the prevalence of individuals with postsecondary education was inversely associated with both CVD
and IHD mortality (P<0.01 and P=0.03, respectively), while
the unemployment rate in a community was positively associated with CVD and IHD mortality (P=0.02 and P<0.01,
respectively). Finally, the low income rate was negatively
related to IHD mortality but not to CVD mortality (P=0.01
versus P=0.58).
Analyses of community characteristics indicate that the
proportion of immigrants was negatively associated with CVD
mortality but not to IHD mortality (P=0.04 versus P=0.89),
while the greater the number of people belonging to a visible
minority group living in a community, the less likely the community had high IHD mortality (P=0.04).
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Figure 1) Age-standardized cardiovascular disease (CVD) mortality rates per 100,000 population by health region (HR), 1995 to 1997. Data from
Statistics Canada, 2001 (11). PEI Prince Edward Island

Figure 2) Age-standardized ischemic heart disease (IHD) mortality rates per 100,000 population by health region (HR), 1995 to 1997. Data from
Statistics Canada, 2001 (11). PEI Prince Edward Island
44
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Table 3 displays the average prevalence of various community characteristics of health regions according to the distribution of their CVD mortality rate ratios. According to Table 3,
all community characteristics were statistically significant
except for the prevalence of low income rate, income inequality and urban population. These results reconfirm the importance of traditional cardiac risk factors in CVD mortality, and
strengthen the importance of certain social determinants of
health and other community characteristics, such as population density and population structure, on CVD mortality. In
general, health regions in Canada with high CVD mortality
have a significantly (P<0.05) higher prevalence of cardiac risk
factors, lower socioeconomic status, lower population density,
and lower immigrant and minority populations than health
regions with low CVD mortality rates. Forty-two per cent of
the regional variation in CVD mortality in Canada can be
explained by the variation in the prevalence of traditional cardiac risk factors, 21% by social determinants of health and
20% by other community characteristics in isolation. When all
of the factors are analyzed simultaneously, traditional cardiac
risk factors, social determinants of health and other community characteristics explain 49% of the variation in CVD mortality in Canada, compared with 45% of the variation explained
by traditional cardiac risk factors and social determinants of
health only, and 42% by traditional cardiac risk factors alone.
Table 4 displays the average prevalence of various community characteristics of health regions according to the distribution of their IHD mortality rate ratios. According to this table,
only selected traditional cardiac risk factors and other community characteristics, including education, were statistically significant. Health regions with high IHD mortality had a statistically
significant higher prevalence of daily smoking, obesity and high

TABLE 2
Regression analyses of traditional cardiac risk factors,
social determinants of health and other community
characteristics for age-standardized cardiovascular
disease (CVD) and ischemic heart disease (IHD) mortality
in Canada, 1996, in 120 health regions*
Regression coefficients
Community factor

CVD mortality

P

IHD mortality

P

Model 1 – Traditional cardiac risk factors
Daily smoking

3.12847

<0.01

2.39444

<0.01

Obese body mass index

2.87836

<0.01

0.31664

0.62

(international standard)
Diabetes

–0.21149

0.95

0.94723

0.73

Hypertension

–0.81393

0.58

1.78687

0.15

Physical inactivity

–0.04151

0.91

–0.38807

0.24

Model 2 – Social determinants of health
Postsecondary education

–1.56325

<0.01

–0.87730

0.03

Unemployment rate, 1996

2.16340

0.02

2.72763

<0.01

Low income rate, 1995

–0.60241

0.58

–2.14807

0.01

Income inequality

–0.00710

0.99

–2.24548

0.35

High life stress

–1.40798

0.08

0.49583

0.42

0.33

Model 3 – Other community characteristics
Population density

0.00225

0.75

0.00546

Immigrant population

–1.67424

0.04

0.09010

0.89

Minority population

–0.37264

0.71

–1.61455

0.04

0.23684

0.19

0.14943

0.29

Urban population

*See Appendix II for a list of health regions with missing or suppressed data
and definitions of each community factor. Data from Health Indicators,
Statistics Canada (11)

TABLE 3
Average prevalence of community characteristics of health regions according to CVD mortality rate ratio categories
CVD mortality rate ratios*
0.90 to <1.10
1.10 to <1.30
(n=72)
(n=38)

Minimum to <0.75
(n=1)

0.75 to <0.90
(n=17)

1.30 to maximum
(n=9)

P for
trend

Daily smoking (%)

N/A

18.09

21.98

Obese body mass index (%)

N/A

14.34

16.81

25.52

25.17

<0.01

19.78

22.65

Diabetes (%)

N/A

4.21

<0.01

4.26

4.84

5.28

High blood pressure (%)

N/A

<0.01

12.34

12.89

14.29

13.68

Physical inactivity (%)

0.02

N/A

47.96

46.27

49.35

49.13

0.20

Postsecondary education (%)

N/A

52.91

49.04

47.07

46.08

0.01

Unemployment rate, 1996 (%)

N/A

7.86

8.96

11.51

15.72

<0.01

Low income rate, 1995 (%)

N/A

15.23

13.87

14.21

17.15

0.28

Income inequality (%)

N/A

22.31

22.89

22.76

23.00

0.48

High life stress (%)

N/A

23.81

24.81

23.60

17.03

<0.01

Traditional cardiac risk factors

Social determinants of health

Other community characteristics
Population density (population/km2)

N/A

754.45

179.15

33.26

9.60

<0.01

Immigrant population (%)

N/A

22.01

10.80

6.87

4.27

<0.01

Minority population (%)

N/A

15.82

5.10

1.69

2.17

<0.01

Urban population (%)

N/A

74.71

64.72

59.21

58.20

0.13

*Rate ratios for each region were obtained by dividing the health region cardiovascular disease (CVD) mortality rate by the Canadian CVD mortality rate.The prevalence
of each characteristic was averaged among health regions in the rate ratio categories. Data taken from Health Indicators, Statistics Canada. N/A Not available
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TABLE 4
Average prevalence of community characteristics of health regions according to IHD mortality rate ratio categories
IHD mortality rate ratios*
0.90 to <1.10
1.10 to <1.30
(n=53)
(n=35)

Minimum to <0.75
(n=7)

0.75 to <0.90
(n=29)

1.30 to maximum
(n=12)

P for
trend

Daily smoking (%)

18.66

19.96

22.58

Obese body mass index (%)

14.26

16.40

17.43

25.30

24.89

<0.01

18.67

19.80

4.04

4.34

0.043

4.28

4.73

4.96

0.13

High blood pressure (%)

12.20

Physical inactivity (%)

46.24

12.49

12.76

14.64

13.69

<0.01

47.30

46.97

48.85

46.69

0.80

Postsecondary education (%)
Unemployment rate, 1996 (%)

57.04

49.34

48.95

47.10

49.24

0.01

7.84

8.75

9.55

11.05

11.59

0.12

Low income rate, 1995 (%)

13.68

14.75

14.52

13.73

13.86

0.89

Income inequality (%)

21.78

22.91

22.78

22.84

22.67

0.50

High life stress (%)

24.56

23.01

24.63

24.36

22.42

0.30

116.01

458.34

186.19

44.66

41.48

0.15

18.10

15.79

9.47

7.41

8.59

<0.01

9.00

10.84

4.30

2.05

2.25

<0.01

79.90

66.69

63.26

59.99

68.10

0.34

Traditional cardiac risk factors

Diabetes (%)

Social determinants of health

Other community characteristics
Population density (population/km2)
Immigrant population (%)
Minority population (%)
Urban population (%)

*Rate ratios for each region were obtained by dividing the health region ischemic heart disease (IHD) mortality rate by the Canadian IHD mortality rate.The prevalence of each characteristic was averaged among health regions in the rate ratio categories. Data taken from Health Indicators, Statistics Canada (8)

blood pressure, and a lower prevalence of postsecondary education, and immigrant and minority populations in comparison
with health regions with lower IHD mortality. Twenty-five per
cent of the regional variation in IHD mortality in Canada can
be explained by variations in the prevalence of traditional cardiac risk factors, 17% by social determinants of health and
12% by other community characteristics. When analyzed
simultaneously, 34% of the variation in IHD deaths in Canada
is explained by traditional cardiac risk factors, social determinants of health and other community characteristics; 30% of
the variation is explained by traditional cardiac risk factors and
social determinants of health combined, and 25% by traditional
cardiac risk factors alone.

DISCUSSION
This study allowed us to quantify the regional variability in
heart disease mortality in Canada, in addition to identifying
characteristics of health regions with higher and lower than
expected CVD and IHD mortality. We found that, in general,
health regions in Canada with higher levels of heart disease
mortality are regions where the prevalence of smoking and
obesity are higher than the national average. Factors associated with lower mortality rates include lower unemployment
rates, a higher proportion of individuals with postsecondary
education, and a greater proportion of immigrants and members of visible minority groups. Although there are complex
inter-relationships between all of these variables, our analyses
may potentially allow health regions with higher mortality and
higher risk factor levels to develop and target health promotion programs aimed at reducing mortality from heart disease
and promoting overall cardiovascular health.
Data from this study and the CCORT Cardiac Atlas Risk
Factor paper (14) can potentially be used by health regions to
develop health promotion programs aimed at reducing risk factors
for and mortality from CVD. Community-wide health education
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programs aimed at reducing CVD and associated risk factors
have demonstrated sustained effects in other countries (15,16)
and could be used as models for community health education
campaigns in Canadian communities. We found that a health
region’s smoking rate was associated with CVD mortality, consistent with the smoking-attributable mortality rates calculated
in the CCORT Cardiac Atlas Risk Factor paper (14). This suggests that efforts (ie, increased taxes, health promotion activities) to decrease smoking rates in communities with high cardiac
mortality rates would likely have an important contribution in
decreasing heart disease mortality in many health regions across
Canada. Our analyses also suggest that greater attention to obesity rates is necessary in many of these health regions given the
well-established link between obesity and increased risk of mortality from CVD (17,18). Health promotion programs aimed at
improving dietary intake and decreasing serum cholesterol concentrations could avert many cardiovascular deaths, as they
have in other jurisdictions (19,20). Although it may seem paradoxical that well-recognized cardiac risk factors such as diabetes
and hypertension were not significant in many of our analyses,
this may reflect the fact that there are less regional variations in
the prevalence of these factors than there are in smoking or obesity rates; also, diabetes and hypertension rates were based on
self-report and likely underestimate the true prevalence in communities. Nevertheless, their importance in individual patients
should not be underestimated.
Key to the effectiveness of heart health promotion programs is
the recognition that the broader determinants of health are also
important contributors to the cardiac health status of communities across Canada (21). We found that regions with higher
unemployment rates and lower rates of postgraduate education
had higher rates of cardiac deaths, suggesting that efforts to
improve the employment status and educational attainment of
Canadians may indirectly yield significant health benefits,
although this hypothesis remains to be scientifically proven.
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Regions with lower mortality rates also tended to have higher
proportions of immigrants and visible minority groups, which
may reflect the preferential selection of healthy immigrants for
immigration into Canada and counteracts the notion of some
that immigrants place a disproportionate burden on Canada’s
health care system. Although the mechanisms by which many of
these broader determinants of health influence cardiovascular
mortality are not completely understood, it is important for policy makers to be aware of the significant role they play in
explaining geographic variation in CVD mortality so that
appropriate policy decisions outside the health sector are made.
A limitation of this study is the absence of detailed clinical
explanations for all of the apparent variation in CVD and IHD
mortality rates across Canada. For example, we did not have data
on blood cholesterol levels or other biochemical factors and
genetic factors that would be necessary for a more comprehensive
analysis of this issue. Differences in acute treatment of cardiac
patients across health regions (eg, use of thrombolytic therapy,
invasive cardiac procedures, beta-blockers, etc) and out-of-hospital
services (eg, ambulance services, cardiac rehabilitation programs,
etc) also likely play an important role in explaining geographic
variations. Some of these factors will be explored in other papers
of the Atlas project. Additionally, some health region characteristics were measured in more recent years (2000/2001) compared
with mortality rates (1995 to 1997), which may have introduced
some bias into the analyses. However, previous studies have
shown that CVD and IHD mortality rates are relatively stable
over time at the health region level (8).

CONCLUSIONS
Wide regional variations in cardiovascular mortality rates across
health regions in Canada were observed, which are partially
explained by differences in prevalence of traditional cardiac risk
factors such as smoking and obesity, but also by broader determinants of health, such as the employment status and educational
attainment of residents in different regions of Canada. Given
that CVD is the leading cause of death in Canada, we believe
that additional investments in understanding these determinants
are vital towards improving the cardiac health status of
Canadians and could potentially yield large health benefits to
Canadians across the country. Current health promotion efforts
could likely be most profitably devoted towards reducing the still
substantial rates of smoking in many communities across Canada.
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APPENDIX I
Individual and community
characteristics
Definition

Reference

Traditional cardiac risk factors
Daily smokers
Obesity

Diabetes
Hypertension
Physical inactivity

Proportion of the population aged 12 years and older who reported being
either a daily smoker or occasional smoker
Proportion of the population aged 20 to 64 years excluding pregnant women
and persons shorter than 0.914 m (3 feet) tall or taller than 2.108 m (6 feet
11 inches) whose body mass index was 30 kg/m2 or greater (international
standard)
Proportion of the population aged 12 years and older who reported that they
had been diagnosed by a health professional as having diabetes
Proportion of the population aged 12 years and older who reported that they
had been diagnosed by a health professional as having high blood pressure
Proportion of the population aged 12 years and older who reported low physical
activity, based on their responses to questions about the frequency,
duration and intensity of their participation in leisure time physical activity

Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)
Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)

Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)
Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)
Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)

Social determinants of health
Postsecondary education

Unemployment rate, 1996
Low income rate
(1995 income)

Income inequality
(1995 income)
High life stress

Proportion of the population aged 25 to 54 years who had obtained a
postsecondary certificate, diploma or degree. This is a measure of
education attainment and socioeconomic status
Proportion of the labour force aged 15 years and older without a job in 1996
Proportion of the population in economic families (a group of two or more
persons living in the same dwelling who are related to each other by blood,
marriage, common-law or adoption) with incomes below the Statistics Canada
low income cut-off. The cut-offs represent levels of income at which people
spend disproportionate amounts of money for food, shelter and clothing
Proportion of income (from all sources, pretax and post-transfer) held by
households whose incomes fall below the medial household income.
A proportion of 50% represents no inequality
Proportion of the population aged 18 years and older who reported a high
level of life stress

Statistics Canada, 1996 Census
(20% sampling) (3)
Statistics Canada, Labour Force Survey
(special tabulations) (4)
Statistics Canada, 1996 Census (20% sample) (3)

Statistics Canada, 1996 Census (20% sample),
(special tabulations) (3)
Statistics Canada, Canadian Community
Health Survey, 2000/2001, health file (2)
Continued on next page
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APPENDIX I (continued)
Other community characteristics
Population density
Immigrant population
Visible minority population

Urban population

Number of people per square kilometre. Calculated by dividing the total
population by land area
All immigrants living in a geographic area, and those immigrants who
came to Canada from 1981 to 1996
Proportion of the population belonging to a visible minority group. As
defined by the Employment Equity Act (1995) (22), visible minorities
are persons (other than Aboriginal people) who are non-Caucasian in race or
nonwhite in colour
Proportion of the population living in urban areas. An urban area is
defined as having a minimum population of 1000 and a population
density of 400 people per square kilometre

Statistics Canada, 1996 Census (20% sample) (3)

Statistics Canada, 1996 Census (3)
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The first set included regression models examining the individual
relationship between traditional cardiac risk factors, social determinants of health and other community factors and age-standardized cardiovascular disease mortality, respectively. The second set
of models examined the relationship between the above-mentioned factors and age-standardized ischemic heart disease mortality. Community characteristics involved in the regression
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regression modelling was not conducted. One hundred twenty
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regression analyses.
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Chapter 7: Hospitalization rates and length of stay for
cardiovascular conditions in Canada, 1994 to 1999
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RE Hall, JV Tu. Hospitalization rates and length of stay for
cardiovascular conditions in Canada, 1994 to 1999. Originally
published in Can J Cardiol 2003;19(10):1123-1131.
BACKGROUND: Cardiovascular diseases (CVDs) are a leading
cause of hospitalization in Canada. An examination of recent trends
in cardiovascular hospitalization rates across Canada is of considerable value and interest to health policy decision makers and administrators, clinicians and researchers.
OBJECTIVES: To examine temporal trends and regional variation in
hospitalization rates and length of stay for CVD conditions in Canada.
METHODS: Hospital discharge data for fiscal years 1994/95 to
1999/2000 were used to identify all Canadians who were hospitalized
with the most responsible diagnoses of acute myocardial infarction
(AMI), congestive heart failure (CHF), angina and chest pain. Direct
age- and sex-standardized hospitalization rates were calculated by
province and health region. Length of stay (LOS) for episodes of hospital care were adjusted for age, sex and cardiac procedures using ordinary least squares regression.
RESULTS: Overall, AMI, angina and chest pain hospitalization
rates increased 6%, 8% and 11%, respectively, between fiscal years
1994/95 and 1999/2000 and decreased by 7% for CHF in Canada.
There was wide regional variation in cardiovascular hospitalization
rates in Canada, with the greatest variation seen in CHF, chest pain
and angina, and the least seen in AMI. There was a modest downward
trend in adjusted LOS between fiscal years 1994/95 and 1999/2000. In
general, patients hospitalized in provinces in western Canada and
Ontario had shorter LOS for all conditions when compared with
those in Quebec and the eastern provinces.
CONCLUSIONS: AMI, angina and chest pain hospitalization rates
in Canada increased between fiscal years 1994/95 and 1999/2000,
while CHF rates declined. There is considerable regional variation in
the cardiovascular hospitalization rates across the country that may
be amenable to further interventional strategies.

Le taux et la durée d’hospitalisation en raison
de maladies cardiovasculaires au Canada entre
1994 et 1999

Key Words: Episodes of care; Health services; Hospitalization rates;
Length of stay; Small area variation; Utilization

HISTORIQUE : Les maladies cardiovasculaires (MCV) sont l’une des
principales causes d’hospitalisation au Canada. L’examen des tendances
récentes quant au taux d’hospitalisation pour des MCV au Canada revêt
une valeur et un intérêt considérables pour les décideurs et les administrateurs en santé et pour les cliniciens et les chercheurs.
OBJECTIFS : Examiner les tendances temporelles et la variation
régionale quant au taux et à la durée d’hospitalisation pour des MCV au
Canada.
MÉTHODOLOGIE : Les données relatives aux congés des hôpitaux
entre les exercices 1994-1995 et 1999-2000 ont permis de repérer tous les
Canadiens hospitalisés pour un diagnostic responsable d’infarctus du
myocarde aigu (IMA), d’insuffisance cardiaque congestive (ICC),
d’angine et de douleur thoracique. Les taux d’hospitalisation normalisés
selon l’âge et le sexe ont été calculés par province et par région sanitaire.
La durée d’hospitalisation (DH) en cas de soins hospitaliers a été rajustée
selon l’âge, le sexe et l’intervention cardiaque au moyen d’une régression
par la méthode classique des moindres carrés.
RÉSULTATS : Dans l’ensemble, le taux d’hospitalisation imputable à
l’IMA, à l’angine et aux douleurs thoraciques a augmenté de 6 %, de 8 %
et de 11 %, respectivement, entre les exercices 1994-1995 et 1999-2000
et a chuté de 7 % en cas d’ICC au Canada. Une importante variation
régionale du taux d’hospitalisation pour des MCV s’observait au Canada,
la plus grande étant constatée en cas d’ICC, de douleur thoracique et
d’angine et la plus faible en cas d’IMA. Une modeste tendance à la baisse
de la DH rajustée a été relevée entre les exercices 1994-1995 et 19992000. Règle générale, les patients hospitalisés dans l’Ouest canadien et en
Ontario l’étaient moins longtemps que ceux qui habitaient au Québec et
dans les Maritimes.
CONCLUSIONS : Le taux d’hospitalisation imputable à l’IMA, à
l’angine et aux douleurs thoraciques au Canada a augmenté entre les
exercices 1994-1995 et 1999-2000, tandis que celui attribuable à l’ICC a
diminué. On remarque une variation régionale considérable des taux
d’hospitalisation pour des MCV au pays, laquelle pourrait justifier de nouvelles stratégies d’intervention.

eart disease accounts for a substantial proportion of hospital admissions and inpatient resource utilization in
Canadian hospitals, particularly among people aged 65 years
and older (1,2). In Canada, cardiovascular diseases were the
most common reason for hospitalization in 1993 and
remained so in 2000 (1-3).

In 1999, the Institute for Clinical Evaluative Sciences
(ICES) and the Heart and Stroke Foundation of Ontario published Cardiovascular Health and Services in Ontario: An ICES
Practice Atlas (4). The atlas identified cardiovascular diseases,
specifically, acute myocardial infarction (AMI) and congestive
heart failure (CHF) to be the first and second most common
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reasons for Ontario hospital admissions in fiscal year 1996/97.
Furthermore, cardiac admissions accounted for almost 20% of
all inpatient resource utilization in Ontario (4).
In 2000, the Heart and Stroke Foundation of Canada published trends in the use of cardiac interventions and health
services as well as the outcomes of heart disease and stroke in
Canada (5). Hospitalization rates for AMI, CHF and ischemic
heart disease (ie, angina pectoris, AMI, chronic ischemic heart
disease and sudden death) decreased in the late 1980s but the
decline slowed in the early 1990s (5).
Although the per capita rates of cardiovascular hospitalization declined between 1985 and 1995 with the increasing size of
the older population, the absolute actual number of hospitalizations has actually increased and is projected to continue increasing for the next 20 years (5). The present article examines
recent trends in cardiovascular hospitalization rates and length
of stay (LOS) between fiscal years 1994/95 and 1999/2000 to
provide health care system managers, decision makers, clinicians
and other interested stakeholders an opportunity to evaluate
and compare national cardiovascular hospitalization rates using
methods similar to the approach initially used in Ontario (4).
Provincial and regional hospitalization rates are also reported so
that those working in health regions can better understand the
burden of cardiovascular disease in their local communities.

METHODS
Data sources
The Canadian Institute for Health Information (CIHI) Discharge
Abstract Database (between fiscal years 1994/95 and 1999/2000)
and the CIHI Hospital Morbidity Database (HMDB) for Quebec
and Manitoba were used to determine the numerators for hospitalization rates (6). The type of hospitalization was identified using the
International Classification of Diseases, 9th revision, (ICD-9) “most
responsible diagnosis” code (7). All patients 20 years of age or more
who had a diagnosis code for AMI, CHF, angina or chest pain (see
list of diagnosis codes in Appendix 1) were included. Residents of
the Northwest Territories, the Yukon and Nunavut were excluded
because these territories typically had 50 or fewer hospitalizations per
year. Newfoundland was also excluded from AMI analyses because
their coding of AMI did not rely exclusively on ICD-9 code 410.
The denominators for the hospitalization rates were based on
the 1991 Statistics Canada Census five-year age- and sex-specific
regional populations (8). Regional level analyses were conducted
using health region boundaries as defined by Statistics Canada in
December 2001 (9). Patients were assigned to regions based on
their postal codes (6).

STATISTICAL ANALYSES
Hospitalization rates and small area variation
Regional hospitalization rates were age- and sex-standardized, and
reported per 100,000 population aged 20 years and older. Rates
were calculated by direct standardization rates using the 1991
Canadian population as the standard population. This method
allows all regional rates to be directly comparable, assuming they
all had the same age and sex distribution structure (10). To produce a stable numerator, three fiscal years (1997/98, 1998/99 and
1999/2000) of data were combined and an average hospitalization
rate per 100,000 population was calculated. Regional populations
ranged from 626 to 1,920,675. The mean regional population was
162,415. Data were suppressed for regions with fewer than 50 hospitalizations over the three-year period. Four age/sex groups were
calculated: 20 to 49 years, 50 to 64 years, 65 to 74 years and
50

75 years and older to examine age/sex group trends in cardiovascular hospitalizations. The extremal quotient (EQ), coefficient of
variation (CV), and the systematic component of variation
(SCV) statistics were calculated to evaluate the amount of regional
variation in hospitalization rates (see Appendix 2 for definitions
and relevance of these statistics in evaluating regional variation).
The Spearman correlation coefficient was calculated to determine
the degree of association between the four hospitalization conditions across health regions in Canada.

LOS for episodes of cardiovascular care
To compare LOS across the country, ‘episodes of care’ were created
to account for interhospital transfers that would otherwise contribute to inaccurate estimates of total length of hospital stay. A
cardiovascular hospitalization episode was defined as either a
direct admission to an acute care hospital from which the patient
was subsequently discharged to his or her home, or a continuous
sequence of hospitalizations (ie, a hospital discharge and admission within the same day was considered to all be part of the same
episode of care). This approach is similar to that used in the
Ontario Hospital Report Card in 2001 (11).
Ordinary least squares regression was used on trimmed LOS
(excluding cases with episode LOS beyond the 97.5 percentile) to
prevent extreme values from influencing the provincial estimates of
differences in LOS for episodes of cardiovascular hospital care for
each fiscal year from 1994/95 to 1999/2000. Adjustment was made
for age, sex and whether an invasive cardiac procedure was performed during the episode of care (see Appendix 3 for list of procedures and corresponding procedure codes used). Regression analyses
were performed separately for each fiscal year (from 1994/95 to
1999/2000). The adjusted provincial average LOS is the observed
average provincial LOS divided by the predicted average provincial
LOS then multiplied by Canada’s yearly average LOS.

Interpretative cautions
Regional hospitalization rates were determined using patients’ place
of residence, regardless of where the hospitalizations (or subsequent
transfers) took place. Therefore, the unit of analysis is the hospitalization and the hospitalization rates apply to the individuals within a
geographical region, not to the hospitals within a region. We wanted
to estimate the total burden of hospitalization so individuals with
multiple hospitalizations were counted within a given fiscal year.
Episodes of care were used to examine trends in LOS among the
ten provinces. This methodology relies on the presence of a valid
health card number and, therefore, records with invalid health card
numbers were excluded from the analyses. This proved problematic
for the data received for the province of Saskatchewan, resulting in
approximately 50% of Saskatchewan’s hospitalizations for all four
conditions to be excluded from the analyses for 1994/95, 1995/96 and
1996/97. This methodology also assumes the first hospitalization in
1994/95 was the first episode of care. This was necessary because the
institution transfer to/from variable may be inaccurately coded in the
national CIHI database and is omitted from the HMDB (Quebec and
Manitoba) data. Furthermore, index hospitalizations were not distinguished from recurrent hospitalizations in this analysis.

RESULTS
Trends in cardiovascular hospitalization rates
In Canada, rates of cardiovascular hospitalizations had modest
yearly fluctuations over the six-year study period. CHF hospitalization rates were the only ones among those we studied that
declined (7%) between fiscal years 1994/95 and 1999/2000,
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Figure 1) Age- and sex-standardized hospitalization rates for cardiovascular diagnoses in Canada, per 100,000 population aged 20 years
and over, fiscal years 1994/95 to 1999/2000
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Figure 3) Age- and sex-specfic hospitalization rates for congestive
heart failure in Canada, per 100,000 population aged 20 years and
older, fiscal years 1994/95 to 1999/2000
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Figure 2) Age- and sex-specific hospitalization rates for acute myocardial infarction in Canada, per 100,000 population aged 20 years and
over, fiscal years 1994/95 to 1999/2000

Figure 4) Age- and sex-specific hospitalization rates for angina in
Canada, per 100,000 population 20 years and older, fiscal years
1994/95 to 1999/2000

declining dramatically since fiscal year 1997/98 (Figure 1). In
contrast, overall hospitalization rates increased during the same
time period for chest pain, angina and AMI by 11%, 8%, and
6%, respectively.

were three times higher than those aged 65 to 74. For women
75 years of age and older, CHF hospitalization rates were
almost four times higher than those aged 65 to 74.

Age- and sex-specific hospitalization rates
The age- and sex-specific rates for the four cardiovascular hospitalizations revealed that the 20 to 49 year age group consistently experienced the lowest rate of hospitalization (Figures 2
to 5). In general, men experienced a higher rate of hospitalization than women, except for chest pain, where women 65 years
of age and older experienced a higher rate than men.
AMI
For AMI hospitalizations, the 75 years of age and older group
experienced the greatest increase in hospitalization rates
(Figure 2). Hospitalization rates for men were about five times
higher than women among the 20 to 49 year olds, and approximately three and a half times higher among the 50 to 64 years old.
CHF
All age groups experienced a slight decrease in the rate of CHF
hospitalizations since the 1995/96 fiscal year, with the most
dramatic decrease in those 75 years and older (Figure 3).
Hospitalization rates for CHF for men 75 years of age and older

Angina
Angina hospitalization rates for men aged 20 to 49 years and
the 75 years of age and older groups increased dramatically
over the study period (13% to 19%) (Figure 4). Rates of hospitalization for women aged 50 to 64 years and men aged 65 to 74
years declined substantially in the most recent year of data (6%
and 5%, respectively).
Chest pain
In general, chest pain hospitalization rates have been on the
increase for both men and women 65 years of age and older,
and most markedly for women 75 years and older (356 per
100,000 population in 1994/95 versus 484 per 100,000 populaton in 1999/2000) (Figure 5).

REGIONAL VARIATION IN
HOSPITALIZATION RATES
AMI
The analyses of regional variation in hospital rates were
conducted using the fiscal years 1997/98 to 1999/2000
data only. The average of the three years was used to
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Figure 5) Age- and sex-specific hospitalization rates for chest pain in
Canada, per 100,000 population 20 years and older, fiscal years
1994/95 to 1999/2000

determine regional rates (for regional age-sex standardized
rates and rank, see Appendix 4 on the CCORT Web site:
http://www.ccort.ca/CVDHospitalizationsLOS.asp) and the
results are presented in Figures 6-9. The actual rates for each
health region are available on the CCORT Web site
(http://www.ccort.ca/CVDHospitalizationsLOS.asp). For AMI,
the national age- and sex-standardized hospitalization rates for
fiscal years 1997/98 to 1999/2000 among the 130 regions
included in the analysis was 250 per 100,000 population.
Health District 5 in Nova Scotia had the highest hospitalization rate (405 per 100,000 adults) and Vancouver, British
Columbia had the lowest (135 per 100,000 adults) (Figure 6).
The lowest hospitalization rates for AMI were among five
urban/metropolitan regions in British Columbia, as well as the
Northwestern Regional Health Authority in Alberta,
Weyburn Service Area in Saskatchewan and Winnipeg,
Manitoba. The highest rates were in rural and northern regions
of Ontario and rural New Brunswick (Regions 7 and 3).
CHF
Between fiscal years 1997/98 and 1999/2000, the national CHF
age- and sex-standardized hospitalization rate was 256 per
100,000 adults among the 136 regions included in the analysis.
Keeweetinok Lakes Regional Health Authority in Alberta had
the highest hospitalization rate (929 per 100,000 adults) while
the Capital region in British Columbia had the lowest rate
(154 per 100,000 adults) (Figure 7). The lowest hospitalization
rates for CHF were in urban/metropolitan regions of British
Columbia, Alberta, Ontario and Quebec while the highest
rates were found in rural Alberta, Manitoba, Saskatchewan and
Newfoundland.
Angina
For angina, the national age- and sex-standardized hospitalization rate was 302 per 100,000 adults among the 136 regions.
Region de la Côte-Nord in Quebec had the highest hospitalization rate (855 per 100,000 adults) and the Calgary Health
Region had the lowest rate (55 per 100,000 adults) among 136
regions (Figure 8). The lowest hospitalization rates for angina
were in the urban regions of Alberta, British Columbia and
Ontario, while the highest rates were found in the remote
regions of Quebec, New Brunswick, Newfoundland and
Ontario.
52

Chest pain
The national chest pain age- and sex-standardized hospitalization rate was 176 per 100,000 adults. The rates of hospitalizations for chest pain varied from 502 per 100,000 adults in
Grenfell Regional Health Services Board in Newfoundland to
63 per 100,000 adults in the Region de Laval in Quebec
(Figure 9). The lowest hospitalization rates for chest pain were
in the urban/metropolitan regions of Quebec, Ontario,
Manitoba and Alberta, while the highest rates were found in
four of the seven regions of New Brunswick, rural/remote
Newfoundland, Ontario and Alberta.
There was only a modest correlation among the regional
hospitalization rates. For example, regions that had high hospitalization rates for AMI tended to also have high rates of hospitalization for angina and CHF (R2=0.28, P<0.0001,
R2=0.20, P<0.0001, respectively). Regions that had high hospitalization rates for CHF tended to have high hospitalization
rates for chest pain (R2=0.26, P<0.0001).
Summary
CHF, angina and chest pain hospitalization rates have a substantive degree of regional variation. The EQ, CV and SCV
small-area variation statistics were 6, 27.5%, and 614, respectively, for CHF, 15.6, 45% and 248, respectively, for angina, and
26, 47% and 416, respectively, for chest pain. AMI hospitalization rates demonstrated a modest amount of variation across
the country with an EQ of 5, a CV of 19% and a SCV of 39.

LENGTH OF STAY FOR EPISODES OF
CARDIOVASCULAR HOSPITALIZATIONS
AMI
Table 1 illustrates the comparison in the adjusted mean LOS for
cardiovascular hospitalizations in Canada between fiscal years
1994/95 and 1999/2000. Mean LOS for AMI hospitalizations in
Canada decreased by 10% overall, from 9.8 days to 8.8 days.
British Columbia consistently had the shortest adjusted mean
LOS: 8.3 days in the 1994/95 fiscal year versus 7.5 days in the
1999/2000 fiscal year. Nova Scotia and Quebec had the longest
mean LOS over the six years studied.
CHF
The adjusted mean LOS for CHF hospitalizations decreased 9%
overall for Canada, from 10.9 days to 9.9 days between fiscal
years 1994/95 and 1999/2000. British Columbia has the shortest
mean LOS: 9.4 days in the 1994/95 fiscal year versus 8.9 days in
the 1999/2000 fiscal year. Nova Scotia had the longest mean
LOS for CHF in 1994/95 (12.7 days) and Prince Edward Island
had the longest mean LOS in 1999/2000, (12.0 days) (Table 1).
Angina
On average, the mean LOS for angina hospitalizations
decreased 11% over the six years from 6.7 days in the 1994/95
fiscal year to 5.9 days in the 1999/2000 fiscal year. Manitoba’s
mean LOS was 5.5 days in the 1994/95 fiscal year but it actually increased to 5.8 days in the 1999/2000 fiscal year. British
Columbia had the shortest LOS: 4.9 days in fiscal year 1994/95
and 5.1 days in fiscal year 1999/2000. Newfoundland had the
longest adjusted mean LOS in 1999/2000 at 7.5 days (Table 1).
However, Nova Scotia and Prince Edward Island generally had
longer adjusted mean LOS for the other years in the six-year
study period.
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Figure 6) Age- and sex-standardized acute myocardial infarction (AMI) hospitalization rates per 100,000 adults, by health region (HR), fiscal years
1997/98 to 1999/2000. Source: Canadian Institute for Health Information. PEI Prince Edward Island

Figure 7) Age- and sex-standardized congestive heart failure (CHF) hospitalization rates per 100,000 adults, by health region (HR), fiscal years
1997/98 to 1999/2000. Source: Canadian Institute for Health Information. PEI Prince Edward Island
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Figure 8) Age- and sex-standardized angina hospitalization rates per 100,000 adults, by health region (HR), fiscal years 1997/98 to 1999/2000.
Source: Canadian Institute for Health Information. PEI Prince Edward Island

Figure 9) Age- and sex-standardized chest pain hospitalization rates per 100,000 adults, by health region (HR), fiscal years 1997/98 to 1999/2000.
Source: Canadian Institute for Health Information. PEI Prince Edward Island
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Chest pain
There has been a 6% decrease in the mean LOS for chest pain
hospitalizations between fiscal years 1994/95 and 1999/2000,
from 3.2 days to 3.0 days. Saskatchewan and the Maritime
provinces demonstrated the most dramatic decline in the
adjusted mean LOS for chest pain hospitalizations. Again,
British Columbia had the shortest adjusted mean LOS: 2.5 days
in 1994/95 versus 2.4 days in 1999/2000. Prince Edward Island
had the longest adjusted mean LOS: 4.4 days in 1994/95 and
3.8 days in 1999/2000.
Summary
In general, provinces west of Quebec had shorter adjusted LOS
than Quebec and the eastern provinces. Adjusting for whether
an invasive cardiac procedure was performed during the
episode typically increased the expected length of stay by three
days for AMI (P<0.001), five days for CHF (P<0.0001), two
days for angina (P<0.0001) and half a day for episodes of chest
pain hospitalizations.

DISCUSSION AND CONCLUSIONS
This is the first national study to examine regional variations in
cardiovascular inpatient hospitalization rates across Canada.
The Heart and Stroke Foundation of Canada has previously
published national and provincial trends on hospitalization rates
for cardiovascular disease in Canada (5), but up to this point no
studies have been conducted at the regional level. This study
found an overall decline in the hospitalization rates for CHF,
whereas an increase in hospitalization rates for AMI, angina and
chest pain was found across the country over the six years.
Greater regional variation in hospitalization rates was found for
CHF, angina, and chest pain than was found for AMI, which
suggests that some of these admissions may have been discretionary, and potentially avoidable. The LOS for all these conditions has gradually decreased throughout the 1990s, suggesting a
more efficient utilizaton of acute hospital resources is occurring.
We observed a moderate increase in AMI hospitalization
rates between fiscal years 1998/99 and 1999/2000 whereas at
the same time, angina hospitalization rates decreased. This
could reflect the introduction of troponin testing in Canada
around that time, with a gradual increase in the number of small
AMIs detected and a corresponding decrease in the number of
angina patients coded, although more recent data (ie, 2000
onwards) would be required to confirm this hypothesis.
Hospitalization rates for cardiovascular diagnoses –
Small area variation
There is a moderate to high degree of variation in hospitalization rates across the regions of Canada. Wennberg et al (12)
have suggested classifying variation from low to very high
using the systematic coefficient of variation (a statistical measure) and defined variation accordingly: low=17; moderate=39;
high=90; very highI=190; very highII=506. The SCV permits
comparisons between regions of different sizes because it
removes the amount of variation between regions that would
be expected by chance alone and is a less biased estimate of relative variation (13).
AMI hospitalization rates demonstrated a moderate degree
of variability by all measures of variation (EQ=4.8,
CV=19.5%, SCV=38.7), perhaps reflective of AMI being a
nondiscretionary admission, and having well-developed and

TABLE 1
Adjusted* mean length of stay for cardiovascular
hospitalizations in Canada 1994/95 and 1999/2000
Acute
myocardial
infarction

Congestive
heart
failure

Angina

Chest
pain

1994/ 1999/
95 2000

1994/ 1999/
95
2000

1994/ 1999/
95 2000

1994/ 1999/
95 2000

NFLD

-

-

10.9

10.1

8

7.5

3.9

PEI

9.9

9.8

11.9

12.0

8

6.8

4.4

3.5
3.8

NS

10.3

9.6

12.9

11.4

7.7

7.0

4.2

3.6

NB

10.4

9.3

11.6

11.1

7.3

6.8

3.8

3.2

QC

11.2

9.7

12.8

10.9

8.1

6.5

4.2

3.7

ONT

9.4

8.7

10.4

9.3

6.0

5.5

2.9

2.6

MB

9.2

8.6

10.8

10.0

5.5

5.8

2.9

2.9

SK

11.3

8.1

11.6

9.5

7.9

5.3

3.5

3.0

AB

9.0

8.6

10.5

10.5

5.5

5.2

3.0

3.1

BC

8.3

7.5

9.4

8.9

4.9

5.1

2.5

2.4

Canada

9.8

8.8

10.9

9.9

6.7

6.0

3.2

3.0

*Adjusted for age, sex and cardiac procedures. AB Alberta; BC British
Columbia; MB Manitoba; NB New Brunswick; NFLD Newfoundland; NS Nova
Scotia; ONT Ontario; PEI Prince Edward Island; QC Quebec; SK
Saskatchewan

disseminated guidelines emphasizing the need for hospitalization and treatment of all cases of AMI (14,15).
CHF, chest pain and angina hospitalization rates demonstrated more regional variation. The SCV for CHF, chest pain
and angina were 614.6, 416.2 and 247.7, respectively, reflecting the more discretionary nature of many of these admissions.
This high degree of variation suggests that despite the development and dissemination of specific guidelines for the treatment of CHF, angina and chest pain, there is less consensus
among providers about the need for hospitalization in these
patients (16-18).
Variations in hospitalization rates for these four cardiovascular diagnoses could in part be a result of differences in coding
practices for these conditions, although we believe that is
unlikely to be the major explanation. A more plausible suggestion is that regional differences in hospitalization rates are
related to factors such as physician supply and practice styles,
access to ambulatory care, community and institutional
resources, the prevalence of effective primary and secondary
prevention programs, and the socioeconomic status of various
health regions (4,19).
Not surprisingly, the rural or more remote regions in the
country had the highest hospitalization rates and the urban
regions in the country had the lowest rates. This may be partially attributed to the small numbers producing unstable estimates, but also possibly reflective of their limited capacity to
treat and/or manage these cardiovascular diagnoses requiring
transfers to larger facilities, or perhaps reflective of a greater
bed supply per capita, or higher incidence of risk factors for
cardiovascular disease in rural regions than in urban ones. The
finding that rural and remote regions had higher hospitalization rates for CHF, which is considered an ambulatory care
sensitive condition, is consistent with the assumption that
rural areas are underserviced and do not have similar access to
effective ambulatory care as urban regions (19).
For health regions with higher than expected hospitalization
rates, a number of strategies to decrease their hospitalization
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rates may be considered. For example, CHF hospitalization
rates may be decreased through the establishment of multidisciplinary ambulatory CHF clinics and greater patient education
and counseling, along with increased use of therapies such as
angiotensin-converting enzyme (ACE) inhibitors and betablockers (20). Angina and chest pain hospitalization rates
could be reduced through the development of short-stay chest
pain evaluation units and the use of chest pain risk-stratification instruments. Reduction of AMI hospitalization rates would
require attention to both community-based primary prevention
programs focused on traditional risk factors (eg, smoking,
hypertension, diabetes, etc) along with maximal use of secondary prevention medications (eg, aspirin, beta-blockers, ACE
inhibitors, statins) and cardiac rehabilitation programs.
Interestingly, the urban regions within British Columbia
and Alberta had the lowest rates of hospitalization for most of
the cardiovascular conditions we examined. Data from the
Statistics Canada Canadian Community Health Survey and
Population Health Surveys also show that residents from these
regions have a lower prevalence of risk factors such as smoking,
self-reported hypertension and obesity (21). Although the correlation between risk factors and hospitalization rates was not
evaluated in our study, it is quite likely that the better health
status of these residents contributes to the lower hospitalization rates in those provinces.
LOS for hospitalizations for cardiovascular diagnoses
The mean LOS for most cardiovascular hospitalizations has
decreased for most provinces since fiscal year 1994/95.
Decreases are most dramatic for angina and for hospitalizations
in the eastern provinces, although LOS is still greater in
Eastern Canada than it is in Western Canada. Our LOS analyses were based on episodes of care, accounting for interhospital
transfers for cardiac procedures and other reasons. Our results
illustrate that the eastern provinces have longer episodes of
acute hospital care for all the cardiovascular conditions we
examined, both before and after adjusting for age, sex and cardiac procedures. The adjusted mean LOS reflects what would
be expected if the provinces were caring for patient populations with similar age and sex composition and cardiac procedure intervention. Possible explanations for provincial
differences in mean LOS include differences in underlying
population characteristics, in access to cardiovascular monitoring/interventions, in acute-bed, rehabilitation and home care
availability, in practice patterns and in severity of illness. The
lower adjusted LOS in western Canada suggests that greater
efficiencies in the use of hospital resources might be possible in
Quebec and the eastern Canadian provinces. Studies from the
United States have suggested that a three-day LOS for uncomplicated AMIs is safe for many patients, whereas the mean
LOS for AMI in Canada was still around eight days in
1999/2000 (22).
In summary, acute inpatient hospitalization plays a central
role in the management of cardiovascular disease in Canada.
Our study has provided evidence of considerable provincial
and regional variation in the utilization of acute inpatient hospital care for CHF, angina and chest pain, with less variation
seen for AMI hospitalizations across regions in Canada. The
next step will be to use this information to begin a dialogue
among provincial policy makers, regional health authorities,
clinicians and researchers to develop strategies to evaluate the
56

appropriateness of cardiovascular hospitalization rates across
the country, as well as to gather additional data to better
understand the factors contributing to all of the regional variation seen. Ongoing monitoring of hospitalization rates and
length of stay for cardiovascular conditions has importance for
both clinical and economic reasons. We hope that the
provinces and health regions will use these data in a constructive manner to learn from one another and ultimately develop
strategies that will improve the cardiovascular health of
Canadians.
ACKNOWLEDGEMENTS: The authors would like to acknowledge CCORT Research Coordinators Courtney Kennedy and
Susan Brien for their work in the organization, editing and final
production of this manuscript. Additional recognition is given to
Brian Graves and Courtney Kennedy for producing and designing
the maps featured in the manuscript. The authors also thank the
Canadian Institutes of Health Information (CIHI) for the use of
their databases in this study.
FUNDING: The CCORT Canadian Cardiovascular Atlas
Project was supported by Operating Grants to the Canadian
Cardiovascular Outcomes Research Team from the Canadian
Institutes for Health Research Interdisciplinary Health Research
Team program and the Heart and Stroke Foundation. Dr Tu is supported by a Canada Research Chair in Health Services Research.
Dr Hall is supported by a CCORT postdoctoral fellowship.
APPENDIX 1
Diagnostic codes for acute myocardial infarction (AMI),
congestive heart failure (CHF), angina and chest pain
Diagnosis

ICD-9 code

AMI

410.0-410.9

CHF

428.0-428.9

Angina

411 and 413

Chest pain

786.5

ICD-9 International Classification of Diseases, ninth revision

APPENDIX 2
Definition of small area variation statistics
Extremal quotient (EQ)
The EQ is a measure of the highest regional age-sex standardized rate divided by the lowest. Because the underlying distribution of rates is unknown and
the variance fluctuates from region to region due to differences in population
sizes the EQ may give misleading results (23).
Coefficient of variation (CV)
The CV is the standard deviation of the rates among regions divided by the
mean rate (national rate) weighted by the population in each region. The
weakness of this statistic is that there are no tables to judge what is ‘too
large’ (23).
Systematic coefficient of variation (SCV)
The SCV is a descriptive statistic developed by McPherson et al (24) and is
an estimate of the amount of variation ‘left’ between the regions after the variation that would be expected by chance within the regions has been removed.
It is obtained by subtracting the random component of variation from the estimate of total variance, and is a useful statistic because it is not correlated to
the prevailing rates (13). Large values of the SCV indicate true differences
among regions, and permit comparison among units of different sizes and different rates to determine if there is more variability in one region than in
another. Negative values are possible, but acceptable in the null case, since
true variability is zero (23).
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APPENDIX 3
Cardiac procedure codes for length of stay analyses
Procedure
Coronary

angiography*

CCP codes

ICD-9 codes

48.92 – 48.98

88.52 – 88.54

Cardiac catheterization†

49.95 – 49.97

37.21 – 37.23

Percutaneous transluminal

48.02, 48.03, 48.09 36.01, 36.02, 36.05

coronary angiography
Coronary artery bypass

48.11 – 48.19

36.10 – 36.19

surgery (CABG)
*For acute myocardial infarction (AMI) and angina, Canadian Classification of
Diagnostic, Therapeutic and Surgical Procedures (CCP) code 48.93 or
International Classification of Diseases, 9th Revision (ICD-9) code 88.52 was
excluded; †For AMI and angina, CCP code 49.95 or ICD-9 code 37.21 was
excluded. CABG Coronary artery bypass graft
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Un aperçu des types de médecins traitant des
pathologies cardiaques aiguës au Canada

BACKGROUND: As the issue of physician supply and distribution
increases in intensity in Canada, the scope of practice of different
types of physicians becomes increasingly important.
OBJECTIVE: To determine the type of physician treating hospitalized patients with acute cardiac conditions in the provinces and
health regions in Canada.
METHODS: Data from the Canadian Institute for Health
Information Discharge Abstract Database for all available provinces
and the Maintenance et Exploitation des Données pour l’Étude de la
Clientèle Hospitalière for Quebec were used to determine the most
responsible physician treating patients hospitalized for congestive
heart failure and acute myocardial infarction from fiscal years
1997/1998 to 1999/2000. For patients whose most responsible physician was a general practitioner/family doctor, the proportion receiving a consult from a specialist (cardiologist or general internist) was
calculated. The type of physician most responsible for treating the
acute cardiac conditions with respect to age, sex and urban versus
rural hospital was also examined.
RESULTS: For approximately 50% of patients in Canada, and in
84% (99 of 118) of the health regions across Canada for which data
were available, a general practitioner/family physician was the most
responsible physician for patients admitted with congestive heart failure. On a national average, a specialist was the most responsible
physician for treating acute myocardial infarction for 65% of patients
and in 50% (57 of 115) of the health regions for which data were
available. Younger patients, men and people living in urban areas
were more likely to be cared for by specialists for both congestive
heart failure (age, P<0.0001; sex, P<0.0001; area of admission,
P<0.0001) and acute myocardial infarction (age, P<0.0001; sex,
P<0.0001; area of admission, P<0.0001).
CONCLUSIONS: The results of this study show that general
practitioners/family physicians take a leading role in the treatment of
hospitalized congestive heart failure patients, whereas cardiologists or
internists are more often responsible for treating acute myocardial
infarction in Canada. This distribution has important implications
for cardiac educational strategies and may aid in the determination of
health human resource policies.

HISTORIQUE : Tandis que la question de la disponibilité et de la répartition des médecins gagne en intensité au Canada, le cadre de pratique de
divers types de médecins prend de plus en plus d’importance.
OBJECTIF : Déterminer le type de médecin traitant des patients hospitalisés en raison d’une pathologie cardiaque aiguë dans les provinces et les
régions sanitaires du Canada.
MÉTHODOLOGIE : Les données du registre des congés des hôpitaux de
l’Institut canadien d’information sur la santé pour toutes les provinces
disponibles et de la Maintenance et de l’exploitation des données pour l’étude de la clientèle hospitalière du Québec ont été utilisées pour déterminer les médecins les plus responsables des cas de patients hospitalisés
par suite d’une insuffisance cardiaque congestive et d’un infarctus aigu du
myocarde entre les exercices 1997-1998 et 1999-2000. Pour les patients
dont le médecin le plus responsable était un omnipraticien ou un médecin
de famille, la proportion de ceux envoyés en consultation auprès d’un spécialiste (cardiologue ou interniste général) a été calculée. Le type de
médecin le plus responsable de traiter des pathologies cardiaques aiguës
par rapport à l’âge, au sexe et au milieu urbain comparativement au milieu
rural a également été examiné.
RÉSULTATS : Pour environ 50 % des patients au Canada et dans 84 %
(99 sur 118) des régions sanitaires du Canada pour lesquelles des données
étaient disponibles, un omnipraticien ou un médecin de famille était le
plus souvent le médecin le plus responsable de patients hospitalisés en raison d’une insuffisance cardiaque congestive. Selon la moyenne nationale,
un spécialiste était le médecin le plus responsable de traiter un infarctus
aigu du myocarde chez 65 % des patients et dans 50 % (57 sur 115) des
régions sanitaires pour lesquelles des données étaient disponibles. Les
patients plus jeunes, les hommes et les habitants des zones urbaines
étaient les plus susceptibles d’être soignés par un spécialiste en cas d’insuffisance cardiaque congestive (âge, P<0,0001; sexe, P<0,0001; région
d’hospitalisation, P<0,0001) et d’infarctus aigu du myocarde (âge,
P<0,0001; sexe, P<0,0001; région d’hospitalisation, P<0,0001).
CONCLUSIONS : Les résultats de la présente étude démontrent que les
omnipraticiens et les médecins de famille jouent un rôle prépondérant
dans le traitement des patients atteints d’insuffisance cardiaque congestive, tandis que les cardiologues ou les internistes sont plus souvent
responsables de traiter l’infarctus aigu du myocarde au Canada. Cette
répartition a des conséquences importantes pour les stratégies de formation cardiaque et peut contribuer à l’établissement de politiques en
matière d’effectifs dans le milieu de la santé.
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Type of physician

n Canada, both family physicians and specialists undertake
the care of acute cardiovascular diseases. The type of physician
that manages acute conditions is likely related to both provincial and local health policies, as well as to the number and type
of physicians available. Physician and hospital volumes (1-5)
and the type of physician (generalist versus specialist) (6-9) caring for cardiovascular conditions and procedures have been
shown to affect patient outcomes such that patients treated by
high volume physicians and specialists tend to have better outcomes. However, this perception of better care by specialists may
reflect the possibility that specialists use more resources with
greater costs in treating their patients (6,7), or that specialists
treat patients with fewer comorbid conditions and thereby
appear to have better outcomes (8). Alternatively, better continuity of care has also been shown to lead to more patient satisfaction, shorter hospitalizations and fewer emergent hospital
admissions (9), and continuity of care is one of the main principles upon which family medicine in Canada is based (10).
The supply of health human resources is a critical issue in
Canada because of known physician shortages (11,12), especially in rural areas (13). Previous research has looked at
provincial variations in the supply and workload of cardiovascular physicians and has found that the cardiovascular physician population is rapidly aging, workloads are increasing and
patient demand is only expected to increase (14). In Ontario,
a detailed look at practice patterns among physicians who
manage cardiovascular disease revealed regional variations in
access to specialists. Family physicians were more likely to
manage hypertension, and general internists and cardiologists
were more likely to treat ischemic heart disease (15).
The objective of the present study was to determine national
variations in Canada of the type of physician caring for
patients hospitalized with two common acute cardiac conditions, namely congestive heart failure (CHF) and acute
myocardial infarction (AMI).

I

METHODS
Data sources
The data for this study were obtained from the Canadian Institute
for Health Information (CIHI) discharge abstract database for fiscal years 1997/1998, 1998/1999 and 1999/2000 for the available
provinces. The hospital discharge database contains information
on the most responsible diagnosis and up to 15 secondary diagnoses for all hospitalizations in Canada. For Quebec, the
Maintenance et Exploitation des Données pour l’Étude de la
Clientèle Hospitalière (MED-ÉCHO) was used; this database provides a count of patient separations (through discharge or death)
from each hospital, categorized by the primary disease diagnosis.
Cohorts of patients were identified as having CHF or AMI by first
identifying those with CHF (International Classification of Diseases,
Ninth Revision [ICD-9] codes 428.x [428.0 to 428.9]) or AMI
(ICD-9 code 410) as their most responsible diagnosis for hospitalization. Patients were then excluded if they were under 20 or over
105 years of age; they had invalid health card numbers or invalid
addresses; they were transfers from another hospital; their
CHF/AMI was an in-hospital complication; or if they had a hospital admission in the prior three years, with CHF as the most
responsible diagnosis or secondary diagnosis, or in the prior year
with AMI as the most responsible diagnosis. These ‘washout’
times were used to obtain a cohort of patients with as much
homogeneity as possible for comparison. AMI admissions were
excluded if the patient was discharged alive with a total length of

stay (including transfers) of less than three days to eliminate
admissions that turned out to be unstable angina and not truly
AMI. Data were available for each of the provinces and their
respective health regions (public health units in Ontario) except
for Manitoba, the territories, CHF patients in Quebec for fiscal
year 1997/1998 and patients in Newfoundland with a hospitalization for AMI. The quality of coding in CIHI for CHF (16) and AMI
(17-19) has been assessed and validated and found to be reliable.
The CIHI database identifies up to eight physicians who provided care for the patient during the hospital stay. One physician
is identified as the most responsible physician, defined as ‘the
attending physician most responsible for the care of the patient
and/or the longest length of stay’. In addition, the physicians who
served as consultants are also documented in the discharge
abstract database. The quality of coding for medical specialty of
the discharging physician using CIHI in Ontario has been validated
and found to be fairly accurate (16). A consultant is defined as
‘a physician who is requested to provide advice and or treatment
regarding the patient’s condition’. Furthermore, the specialty of
each physician who cared for the patient is documented in the
CIHI database. For the purpose of the analyses, the most responsible physicians were divided into the following categories: general
practitioners/family physicians (GP/FPs) (code 01/07), general
internists (code 10), cardiologists (code 12) and other specialists.
Other specialists tended to be subspecialists of internal medicine.
The percentage of patients with a most responsible physician
being a GP/FP, general internist or cardiologist, or other type of
physician was calculated for each province in each fiscal year.
National averages for each fiscal year were calculated using the
raw numbers from the available provincial data. For each health
region (district health councils in Ontario), the percentage of
patients cared for by each type of physician was based on the
three-year average over the study period and these percentages
were mapped. Map cut points of 20% increments were chosen and
used in mapping the percentage of each physician type caring for
the particular cardiac condition. The 20% increment cut points
were identical for both cardiac conditions and types of physicians
to allow for comparisons across all the maps.
For patients whose most responsible physician was a GP/FP, the
percentage of patients receiving a consultation from a general
internist and/or cardiologist was calculated in each fiscal year at
the provincial level. This information was not available in the
Quebec data.
Percentages of patients being cared for by the different types of
physicians were calculated for age and sex and also according to
the urban or rural location of the admitting hospital. Hospitals in
rural areas were defined according to forward sortation area codes
of hospitals and using Statistics Canada’s definition of “rural and
small town” (population less than 10,000 or noncensus metropolitan areas/census agglomerations). From the age, sex and urbanrural analysis, 622 patients (267 CHF and 355 AMI patients) were
removed due to unavailable or incomplete information.

Statistical analyses
χ2 testing was used to assess the statistical significance of the difference in the proportion of patients cared for by specific types of
physicians according to age, sex and hospital location.

RESULTS
CHF
For patients admitted with CHF, our results showed that in
most provinces, the GP/FP was most commonly the most
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TABLE 1
Percentage of congestive heart failure patients seen by
physicians according to specialty, by province in Canada*
Patients of
GP/FPs
with
GP/
specialist
FP Internist Cardiologist Other consult
(%) (%)
(%)
(%)
(%)

Province*

Fiscal year

Newfoundland

1997/1998

660

40

43

12

5

13

1998/1999

633

39

46

10

5

15

1999/2000

650

46

45

6

3

16

1997/1998

158

73

25

1

2

63

1998/1999

198

85

12

2

1

51

1999/2000

148

80

18

2

1

53

1997/1998

1085

71

19

8

3

49

1998/1999

978

70

21

7

2

53

Prince Edward
Island

Nova Scotia

New Brunswick

Quebec

N

1999/2000

888

72

16

8

5

52

1997/1998

937

79

6

8

6

41

1998/1999

945

78

7

9

7

46

1999/2000

907

78

6

10

6

45

1997/1998

N/A

N/A

N/A

N/A

N/A

N/A

1998/1999

5862

50

10

35

5

N/A

1999/2000

5360

51

11

33

5

N/A

1997/1998 11,235

38

37

15

10

46

1998/1999 10,931

39

35

15

10

47

1999/2000 10,736

38

36

16

10

46

1997/1998

1135

66

15

12

8

21

1998/1999

1639

62

15

15

9

17

1999/2000

1425

62

15

13

10

16

1997/1998

2111

65

20

10

5

28

1998/1999

2041

61

23

11

6

25

1999/2000

2116

62

22

12

4

27

British Columbia 1997/1998

3526

56

24

15

5

39

1998/1999

3357

57

24

15

4

42

1999/2000

3388

60

22

14

4

40

1997/1998 20,847†

49†

29†

14†

8†

39†

1998/1999 26,584

50

25

18

7

40†

1999/2000 25,618

50

25

18

7

39†

Ontario

Saskatchewan

Alberta

Canada*

Data from the Canadian Institute for Health Information. *Data not available
for Manitoba and the three territories; †Quebec not included in national calculation. GP/FP General practitioner/family physician; N/A Data not available

responsible physician (Table 1). The national average of
patients cared for by GP/FPs was approximately 50%, with little
variation between fiscal years in most provinces except for
Newfoundland and Prince Edward Island. The national average showed that approximately 39% of the patients cared for
by GP/FPs received a consultation from a specialist during
their CHF hospitalization.
Patients cared for by GP/FPs in Newfoundland had the
lowest percentage of consultations by specialists. However,
this is likely reflective of this province having the highest
percentage of patients cared for by general internists. Quebec
had the highest percentage of CHF patients cared for by cardiologists.
In New Brunswick, most CHF patients were cared for by
GP/FPs, without an inordinate number of patients receiving
consultations. Although Prince Edward Island had a large percentage of patients who were cared for by GP/FPs, it also had
the largest percentage of patients receiving consultations.
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Thus, the percentage of patients cared for only by a GP/FP was
relatively low. Saskatchewan had an above average percentage
of patients cared for by a GP/FP, but relatively few of those
patients received consultations. Thus, a high number of
patients were cared for only by a GP/FP.
Of all the health regions in Canada for which data were
available, 84% (99 of 118) had a GP/FP as the predominant
most responsible physician (Figure 1). Five of nine provinces
had at least one health region in which a higher percentage of
patients with CHF were cared for by a specialist rather than by
a GP/FP. These regions tended to be clustered around major
medical centres. The percentage of CHF patients cared for by
each of GP/FPs, general internists and cardiologists varied by
health region as well (Figures 2 to 4). Data tables supporting
Figures 1 to 4 are published on the CCORT Web site
(<www.ccort.ca/atlas.asp>).
All of the health regions in Canada, except for two in
Ontario, with respect to caring for CHF patients, had a GP/FP,
general internist or cardiologist as the predominant most
responsible physician for acute cardiac diseases.
AMI
For patients admitted with AMI, the general internist was the
commonest most responsible physician in Prince Edward
Island, Ontario and British Columbia. In New Brunswick and
Nova Scotia, GP/FPs cared for the highest percentage of AMI
patients, while in Alberta and Quebec, cardiologists cared for
the highest percentage of patients (Table 2). On a national
average, 36% of patients with AMI were under cardiologist
care and 59% of those under GP/FP care received a specialist
consultation.
In Saskatchewan, similar to the situation with CHF, the
above average percentage of patients cared for by GP/FPs, and
the below average consultation rates resulted in a higher percentage of patients in this province being cared for only by
GP/FPs. In Prince Edward Island and Nova Scotia, patients
being cared for by GP/FPs for AMI had the highest rate of specialist consultations.
Although one-half of AMI patients in Alberta were cared
for by cardiologists, relatively few of those who were cared for
by GP/FPs received specialist consultations.
Compared with CHF patients, AMI patients were more
likely to be cared for by specialists (cardiologists or general
internists) throughout all the provinces measured at the health
region level. Specialists were the most responsible physician in
50% (57 of 115) of all the health regions studied (Figure 5).
Percentages of patients cared for by each type of physician varied throughout the health regions as well (Figures 6 to 8). Data
tables supporting Figures 5 to 8 are published on the CCORT
Web site (<www.ccort.ca/atlas.asp>).
Age, sex and urban versus rural variations
For patients with CHF and AMI, younger patients were more
likely to have a specialist as the most responsible physician,
whereas older patients were more likely to have GP/FPs as
their most responsible physician (CHF, P<0.0001; AMI,
P<0.0001) (Tables 3 and 4).
With respect to sex, for both CHF and AMI patients,
slightly more women than men had a most responsible physician as a GP/FP (CHF, P<0.0001; AMI, P<0.0001) (Tables 5
and 6). These sex differences persisted even after adjusting for
age differences (data not shown).
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Figure 1) Commonest most responsible physician treating congestive heart failure (CHF) patients, by health region (HR), 1997/1998 to 1999/2000.
Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele Hospitalière
(MED-ÉCHO). PEI Prince Edward Island

Figure 2) Percentage of congestive heart failure (CHF) patients treated by a general practitioner/family practitioner (GP/FP), by health region
(HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour
l’Étude de la Clientele Hospitalière (MED-ÉCHO). PEI Prince Edward Island
A Collection of Original Research Papers Published in The Canadian Journal of Cardiology
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Figure 3) Percentage of congestive heart failure (CHF) patients treated by an internist, by health region (HR), 1997/1998 to 1999/2000. Data from
the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele Hospitalière (MED-ÉCHO).
PEI Prince Edward Island

Figure 4) Percentage of congestive heart failure (CHF) patients treated by a cardiologist, by health region (HR), 1997/1998 to 1999/2000.
Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele Hospitalière
(MED-ÉCHO). PEI Prince Edward Island
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Commonest Most Responsible Physician
Treating AMI Patients

Figure 5) Commonest most responsible physician treating acute myocardial infarction (AMI) patients, by health region (HR), 1997/1998 to
1999/2000. Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele
Hospitalière (MED-ÉCHO). PEI Prince Edward Island

Figure 6) Percentage of acute myocardial infarction (AMI) patients treated by a general practitioner/family practitioner (GP/FP), by health
region (HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données
pour l’Étude de la Clientele Hospitalière (MED-ÉCHO). PEI Prince Edward Island
A Collection of Original Research Papers Published in The Canadian Journal of Cardiology
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Figure 7) Percentage of acute myocardial infarction (AMI) patients treated by an internist, by health region (HR), 1997/1998 to 1999/2000.
Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele Hospitalière
(MED-ÉCHO). PEI Prince Edward Island

Figure 8) Percentage of acute myocardial infarction (AMI) patients treated by a cardiologist, by health region (HR), 1997/1998 to 1999/2000.
Data from the Canadian Institute for Health Information and Maintenance et Exploitation des Données pour l’Étude de la Clientele Hospitalière
(MED-ÉCHO). PEI Prince Edward Island
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TABLE 2
Percentage of acute myocardial infarction patients seen
by physicians according to specialty, by province in
Canada*

Province*

Fiscal year

Prince Edward 1997/1998
Island

Nova Scotia

GP/
FP
(%)

N
225

40

Patients of
GP/FPs
with
specialist
Internist Cardiologist Other consult
(%)
(%)
(%)
(%)
60

N/A

N/A

96

1998/1999

316

40

54

6

1

72

1999/2000

294

38

55

4

2

77

TABLE 4
Type of most responsible physician for acute myocardial
infarction patients by different age groups in Canada*
Physician
type

Age 20-49
(N=15,378)

Age 50-64
(N=36,734)

Age 65-74
Age 75+
Total
(N=35,057) (N=45,623) (N=132,792)

GP/FPs (%)

26

27

29

35

30

Internists (%)

28

29

30

29

29

Cardiologists (%)

42

40

36

31

36

Other physicians (%) 4

4

5

6

5

Data from the Canadian Institute for Health Information. *Data not available
for Newfoundland, Manitoba and the three territories. χ2=1385.8388,
P<0.0001 (test for overall age difference). GP/FP General practitioner/family
physician

1997/1998

1816

44

34

20

2

79

1998/1999

1609

43

34

21

3

78

1999/2000

1752

42

27

25

6

77

New Brunswick 1997/1998

1519

37

24

26

13

62

1998/1999

1428

38

25

27

10

58

1999/2000

1501

37

25

26

11

65

Physician type

1997/1998

12,025

44

10

45

1

N/A

GP/FPs (%)

52

47

1998/1999

11,767

42

10

47

2

N/A

Internists (%)

25

27

1999/2000

11,376

43

10

46

1

N/A

Cardiologists (%)

15

19

1997/1998

19,109

21

42

31

7

64

Other physicians (%)

8

7

1998/1999

19,235

21

41

31

7

66

1999/2000

19,622

21

41

32

7

64

Quebec

Ontario

Saskatchewan 1997/1998

1134

34

29

32

6

48

1998/1999

1580

36

22

36

6

35

1999/2000

1629

36

22

37

5

30

1997/1998

3314

27

18

50

5

29

1998/1999

3352

25

19

51

6

27

1999/2000

3483

25

20

50

5

27

Alberta

British
Columbia

Canada*

1997/1998

4904

29

35

32

4

58

1998/1999

4961

28

35

33

4

58

1999/2000

5196

29

35

32

4

60

1997/1998

44,046

30

29

36

5

60†

1998/1999

44,248

30

29

36

5

59†

1999/2000

44,853

30

29

36

5

59†

Data from the Canadian Institute for Health Information. *Data not available for
Newfoundland, Manitoba and the three territories; †Quebec not included in
national calculation. GP/FP General practitioner/family physician; N/A Data not
available

TABLE 3
Type of most responsible physician for congestive heart
failure patients by different age groups in Canada*
Age 20-49
(N=1992)

Age 50-64
(N=8943)

GP/FPs (%)

31

40

44

55

50

Internists (%)

31

28

28

25

26

Cardiologists (%)

29

25

21

13

17

Other physicians (%) 10

8

7

7

7

Physician type

Age 65-74 Age 75+
Total
(N=17,852) (N=43,995) (N=72,782)

Data from the Canadian Institute for Health Information. *Data not available
for Manitoba and the three territories and fiscal year 1997/1998 for Quebec.
χ2=1720.7966, P<0.0001 (test for overall age difference). GP/FP General
practitioner/family physician

In rural areas, patients with CHF and AMI were more likely
to have the most responsible physician as a GP/FP in contrast
to urban areas where specialists were more likely to be the most
responsible physician (CHF, P<0.0001; AMI, P<0.0001)
(Tables 7 and 8).

TABLE 5
Type of most responsible physician for congestive heart
failure patients by sex in Canada*
Women
(N=36,994)

Men
(N=35,788)

Data from the Canadian Institute for Health Information. *Data not available
for Manitoba and the three territories and fiscal year 1997/1998 for Quebec.
χ2=229.9330, P<0.0001 (test for overall sex difference). GP/FP General
practitioner/family physician

TABLE 6
Type of most responsible physician for acute myocardial
infarction patients by sex in Canada*
Physician type

Women
(N=46,792)

Men
(N=86,000)

GP/FPs (%)

32

29

Internists (%)

29

29

Cardiologists (%)

34

38

Other physicians (%)

5

5

Data from the Canadian Institute for Health Information. *Data not available
for Newfoundland, Manitoba and the three territories χ2=286.1589, P<0.0001
(test for overall sex difference). GP/FP General practitioner/family physician

DISCUSSION
Our results showed that GP/FPs tended to be the main
providers of care for patients admitted with CHF, whereas specialists were more likely to be the primary providers for
patients admitted with AMI. Although previous research has
shown that high volume physicians (1) and care by cardiologists (7,20,21) leads to improved outcomes, our results showed
a large number of GP/FPs caring for acute cardiovascular conditions, especially CHF. Although cardiologists may have better outcomes with respect to AMI patients, GP/FPs more
commonly care for CHF patients and may provide more comprehensive care overall. This striking variation across the
country in the types of physicians caring for cardiac patients
raises questions about the optimal distribution of specialist
physicians.
Age, sex, and location of the hospital in an urban or a rural
area were all factors associated with the type of physician that
provided acute cardiac care. Our study highlighted definite
urban versus rural inequities in care by specialists, a result not
surprising given the disproportionate shortage of rural physicians (12). Although it is controversial whether there is a true
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TABLE 7
Rural-urban distribution of type of most responsible
physician for congestive heart failure patients in Canada*
Physician type

Urban
(N=60,150)

Rural
(N=12,632)

GP/FPs (%)

41

Internists (%)

31

5

Cardiologists (%)

20

0

9

1

Other physicians (%)

93

Data from the Canadian Institute for Health Information. *Data not available
for Manitoba and the three territories and fiscal 1997/1998 for Quebec.
χ2=11701.5854, P<0.0001 (test for overall rural/urban difference). GP/FP
General practitioner/family physician

TABLE 8
Rural-urban distribution of type of most responsible
physician for acute myocardial infarction patients
in Canada*
Urban
(N=117,027)

Rural
(N=15,765)

GP/FPs (%)

22

89

Internists (%)

32

11

Cardiologists (%)

41

0

5

1

Physician type

Other physicians (%)

Data from the Canadian Institute for Health Information. *Data not available
for Newfoundland, Manitoba and the three territories. χ2=29597.0975,
P<0.0001 (test for overall rural/urban difference). GP/FP General practitioner/
family physician

sex bias in cardiac care (22-27), our study demonstrated modest sex differences and large age differences in the type of
physician caring for women and the elderly. This warrants further investigation.
There may be variations between provinces, health regions
and at the hospital level as to what constitutes the ‘most
responsible’ and consulting physicians. Therefore, these results
should be interpreted with some caution. Nevertheless, only
large systematic differences in coding practices between
provinces and health regions are likely to change the results
presented here. We did not examine outcomes of care by the
different physician types or those patients that were cared for
by GP/FPs in consultation with a specialist and therefore we
cannot comment on possible variations in quality of care for
these different types of care provision. Due to limitations in
our data, we were unable to capture the proportion of patients
that were cared for solely by the ‘most responsible physician’
compared with those that were cared for in a ‘sequential shared
care’ model. This ‘sequential shared care’ model – where perhaps the specialist cared for the patient in the critical or intensive care unit and then transferred the patient out to the ward
where they were cared for by the GP/FP – is not captured by
our data and, thus, our results may overestimate the percentage
of patients solely cared for by the GP/FP.

CONCLUSIONS
Our study is a first look at national patterns of provisions of
acute cardiac care. It provides for an interprovincial and interhealth region comparison, and may be of use to planners of
physician distribution. It may also have implications for training and educating future physicians, and providing advice on
target audiences for continuing education efforts of currently
practising physicians. Most cardiac practice guideline development and scientific meetings are predominantly developed by
66

specialists, whereas it may be more appropriate to direct more
of this activity to family physicians given the large role they
play in caring for cardiac patients in Canada. Access to specialty care appears dependant on geography and may be a difficult situation to remedy. However, further research to
determine the best mix of the different types of physicians is
needed. Further research should also focus on treatment and
outcome differences across specialties, as well as to determine
the optimal role of various types of physicians delivering cardiac care in Canada.
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Cardiovascular Outcomes Research Team (CCORT).
Outcomes of acute myocardial infarction in Canada.
Originally published in Can J Cardiol 2003;19(8):893-901.
BACKGROUND: Little information is available on recent population-based trends in the outcomes of patients who have had an acute
myocardial infarction (AMI) in Canada.
METHODS: Data were analyzed from the Discharge Abstract
Database and Hospital Morbidity Database of the Canadian Institute
for Health Information. All new cases of AMI in Canada between fiscal 1997/98 and fiscal 1999/2000 of patients at least 20 years old were
examined. Data were also analyzed from these databases for hospital
readmissions for a second AMI, angina and congestive heart failure
(CHF).
RESULTS: There were 139,523 new AMI cases. The overall crude
in-hospital AMI mortality rate in Canada was 12.3%. In-hospital mortality rate after an AMI was worse for women than for men in Canada
(16.7% and 9.9%, respectively). The age- and sex-standardized
in-hospital mortality rate varied from a low of 10.5% (95% CI 8.4%
to 12.6%) in Prince Edward Island to a high of 13.1% (95% CI 12.8%
to 13.5%) in Quebec. Among AMI survivors, 12.5% were readmitted
within one year for angina, 7.7% for a second AMI and 7.5% for
CHF. There were wide interregional differences in age- and sexstandardized mortality rates and one-year readmission rates.
CONCLUSIONS: AMI is associated with a substantial acute mortality rate in Canada, especially in the elderly and female patients.
Identifying the causes of interregional differences in patient outcomes should be a priority for future research.

Key Words: Acute myocardial infarction outcomes; Canada; In-hospital
mortality; Readmission rates

eart disease and stroke are major causes of illness, disability
and death in Canada, and together accounted for 20.4% of
male and 11.4% of female hospitalizations in 2000 (1).
Furthermore, acute myocardial infarction (AMI) continues to
be the leading cause of death in Canada, especially among elderly patients, despite a significant reduction in the overall agestandardized mortality rates due to cardiovascular disease in the

H

Infarctus aigu du myocarde : Résultats au
Canada
CONTEXTE : Il existe peu d’information sur les tendances récentes
observées dans la population quant à l’évolution de l’état de santé des
patients ayant subi un infarctus aigu du myocarde (IAM) au Canada.
MÉTHODE : Nous avons analysé les données provenant de la Base de
données sur les congés des patients et de la Base de données sur la morbidité hospitalière de l’Institut canadien d’information sur la santé et
avons examiné tous les nouveaux cas d’IAM relevés entre les exercices
1997-1998 et 1999-2000 chez les patients âgés d’au moins 20 ans. À cela
s’ajoute l’analyse des données sur les réadmissions à l’hôpital pour un
deuxième IAM, de l’angine ou de l’insuffisance cardiaque congestive
(ICC).
RÉSULTATS : Le nombre de nouveaux cas d’IAM atteignait 139 523.
Le taux brut de mortalité générale hospitalière imputable à un IAM au
Canada était de 12,3 %, et le taux de mortalité hospitalière post-infarctus
était plus élevé chez les femmes que chez les hommes (16,7 % contre
9,9 % respectivement). Le taux de mortalité hospitalière normalisé selon
l’âge et le sexe variait de 10,5 % (intervalle de confiance [IC] à 95 % :
8,4 % à 12,6 %) à l’Île-du-Prince-Édouard à 13,1 % (IC à 95 % : 12,8 % à
13,5 %) au Québec. Parmi les patients qui ont survécu à un IAM, 12,5 %
ont été réadmis au cours de la première année pour de l’angine; 7,7 %
pour un deuxième IAM et 7,5 % pour de l’ICC. Il y avait d’importants
écarts interrégionaux en ce qui concerne les taux de mortalité et de réadmission au bout d’un an, normalisés selon l’âge et le sexe.
CONCLUSIONS : L’infarctus du myocarde est associé à un taux de mortalité passablement élevé durant la phase aiguë au Canada, en particulier
chez les femmes et les personnes âgées. L’étude des causes à l’origine des
écarts importants enregistrés entre les régions devrait faire l’objet de
recherche prioritaire.

past 25 years (2). Once patients with myocardial infarction are
discharged, their chances of long term survival and their quality
of life are reduced relative to those of the general population
(3). To date, several studies have documented temporal trends
in AMI mortality outcomes in individual Canadian provinces
(4-6) but no national peer-reviewed studies have been published comparing outcomes data from across the country.
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The purpose of this study was to provide an overview of the
outcomes of AMI care in Canada, with national, provincial
and health region estimates. The amount of interregional variation in AMI outcomes and one-year postinfarction readmission rates for AMI, angina and congestive heart failure (CHF)
were examined.

METHODS
Data sources
For the analysis of outcomes after an AMI, data were drawn from
the Discharge Abstract Database (DAD) from the Canadian
Institute for Health Information (CIHI) for all provinces except
Quebec and Manitoba. For these two provinces the Hospital
Morbidity Database (HMBD) was used. From these databases, a
cohort of new AMI patients hospitalized in all Canadian
provinces (except Newfoundland) between fiscal years 1997/98
and 1999/2000 was constructed. No data were included for Yukon,
Northwest Territories and Nunavut. All patients with a most
responsible diagnosis of AMI (International Classification of
Diseases, 9th revision (ICD-9) code 410) in the CIHI database
were identified and then several exclusion criteria were applied.
Patients excluded from the cohort were those under age 20 or
over 105 years, those whose AMI was coded as an in-hospital
complication, those who had an invalid health card number,
those who had a total length of stay of less than three days and
those who had had a previous AMI admission within the preceding year. The rationale for these criteria are described in detail
elsewhere (7).
Episodes of care were determined by linking continuous hospital admissions for cardiac conditions, under the assumption that
hospital discharges and admissions on the same calendar day represented hospital transfers. Patients from British Columbia were
excluded from the in-hospital mortality analyses because data
from the British Columbia hospital discharge abstracts include
some patients who died before arrival in the emergency room.
Data from Newfoundland could not be included in this study
because of differences in coding of AMI patients in the
Newfoundland CIHI database. In the health region analysis, data
from health regions that treated fewer than 50 patients in the
three-year study period were not included. This resulted in the
exclusion of data from the Northwest Territories, Yukon and
Nunavut.
The DAD is a database maintained by CIHI that contains
data on hospital discharges across Canada (except for Quebec
and parts of Manitoba) (7-9). CIHI receives data for the DAD
directly from participating hospitals, representing 75% of all
inpatient discharges in Canada (9). Each record in the DAD
includes a standard clinical, demographic and administrative
data set on a patient-specific basis. The HMBD has a smaller
subset of the information contained in the DAD but contains
information from all Canadian provinces (7). The HMBD provides a count of patient separations (through discharge or
death) from a hospital categorized by the primary disease diagnosis (9).
The AMI cohort was refined by excluding patients who had
been discharged for an AMI within the previous year. This was
done to ensure that only new AMI patients were included in the
subset. Data on a subsequent AMI (ICD-9 410), angina (ICD-9
411, 413) and CHF (ICD-9 428) were also obtained from the
CIHI database.
The AMI readmission cohort was created after removing those
patients from the original AMI cohort who died during their index

Figure 1) Comparison of risk-adjusted and age- and sex-adjusted inhospital acute myocardial infarction mortality rates by health region in
Canada, fiscal years 1997/98 to 1999/2000. Each diamond represents
the data for one health region. Data source: Canadian Institute for
Health Information

hospitalization. It should be noted that this cohort includes patients
from British Columbia because the pre-emergency room deaths do
not affect the cohort construction for the readmission rates. In summary, 122,003 patients with AMI made up the readmission cohort
for fiscal years 1997/98 to 1999/2000.
A number of validation studies across multiple Canadian
provinces have documented that AMI and other cardiac conditions are fairly accurately coded in hospital discharge databases
across the country (10-12).

Statistical analyses
Thirty-day in-hospital mortality after an AMI, defined as death
occurring in hospital any time before hospital discharge, was
analyzed. For comparison of interprovincial and interregional
in-hospital mortality, crude and age- and sex-standardized (that
is, adjusted) in-hospital mortality rates were calculated by using
indirect standardization. The rates were not adjusted for differences in the prevalence of comorbidities because of interprovincial differences in the way they are coded in administrative data.
For example, in the Quebec administrative databases, pre-existing
comorbidities are indistinguishable from complications that
arose during hospitalization, thus preventing the calculation of
comparable risk-adjusted rates between provinces. As a sensitivity analysis, risk-adjusted in-hospital AMI mortality rates were
calculated by using the Ontario AMI mortality prediction rules
(13) for those provinces where the data were comparable.
Generally similar results were found. With the use of this
method, risk-adjusted in-hospital mortality rates ranged from a
high of 13.3% in Nova Scotia and 12.6% in New Brunswick to a
low of 10.6% in Alberta. It was also found that when age- and
sex-standardized in-hospital mortality rates were correlated to
risk-adjusted in-hospital mortality rates, they were very highly
correlated at the health region level (r2=0.89, P<0.0001;
Figure 1). Thus, for this study, the in-hospital mortality rates
standardized for age and sex were presented only to facilitate
cross-national interprovincial comparisons.
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TABLE 1
Age- and sex-specific volume of acute myocardial infarction patients aged 20 years and over in the acute myocardial
infarction database cohort, 1997/98 to 1999/2000
Women (age range in years)
Fiscal year
1997/98

Men (age range in years)

Total

20–49

50–64

65–74

75+

Total

20–49

50–64

65–74

75+

Total

46,128

959

2954

4538

7866

16,317

4499

9794

8060

7458

29,811

1998/99

46,221

841

2815

4248

8209

16,113

4372

9932

7995

7809

30,108

1999/2000

47,174

925

3062

4211

8577

16,775

4468

9938

7776

8217

30,399

Total

139,523

2725

8831

12,997

24,652

49,205

13,339

29,664

23,831

23,484

90,318

100

2.0

6.3

9.3

17.7

35.3

9.5

21.3

17.1

16.8

64.7

Percentage

Data source: Canadian Institute for Health Information, Discharge Abstract Database and the Hospital Morbidity Database

TABLE 2
Age- and sex-specific in-hospital acute myocardial infarction mortality rates per 100 acute myocardial infarction patients
aged 20 years and over in Canada, 1997/98 to 1999/2000
Women (age range in years)

Men (age range in years)

Fiscal year

Total

20–49

50–64

65–74

75+

Total

20–49

50–64

65–74

75+

Total

1997/98

12.5

3.7

5.5

12.7

25.3

16.9

1.8

4.1

10.6

22.6

10.0

1998/99

12.4

2.7

6.4

12.5

24.0

16.7

1.6

3.9

10.8

22.1

10.0

1999/2000

12.1

3.0

5.9

12.6

23.8

16.5

1.4

3.8

9.4

22.0

9.7

Total

12.3

3.1

5.9

12.6

24.4

16.7

1.6

3.9

10.3

22.2

9.9

Data source: Canadian Institute for Health Information, Discharge Abstract Database and the Hospital Morbidity Database

TABLE 3
Age- and sex-standardized in-hospital acute myocardial infarction mortality rates per 100 acute myocardial infarction
patients aged 20 years and over by province in Canada, 1997/98 to 1999/2000
Province
Prince Edward Island

Number

Crude rate (%)

835

10.8

Age- and sex-standardized rate (%)
10.5

95% CI
8.4 to 12.6

Nova Scotia

5177

11.7

11.8

11.0 to 12.7

New Brunswick

4448

11.8

11.7

10.8 to 12.7

Quebec

36,398

12.5

13.1*

12.8 to 13.5

Ontario

57,966

12.6

12.2

12.0 to 12.5

Manitoba

5146

12.6

11.8

10.9 to 12.6

Saskatchewan

4343

13.2

11.8

10.9 to 12.6

Alberta

10,149

10.4

11.1

10.4 to 11.7

Overall Canadian in-hospital mortality rate

124,462

12.3

–

–

*Significantly higher than the national average (P<0.05). Data source: Canadian Institute for Health Information Discharge Abstract Database and Hospital Morbidity
Database

Age- and sex-standardized readmission rates, including
95% CIs, for cardiac conditions in the year after the index AMI
admission were also determined for patients surviving the index
hospitalization of their primary admission during 1997/98 to
1999/2000. Specifically, the frequency of readmissions for a second
AMI, angina and CHF were studied. Postinfarction readmission
rates for a second AMI, angina and CHF in addition to age- and
sex-standardized in-hospital mortality rates are displayed graphically on maps.

Length of stay and out-of-hospital mortality

Figure 2) Interaction between age, sex and in-hospital acute myocardial infarction mortality rate in Canada, 1997/98 to 1999/2000. Data
source: Canadian Institute for Health Information
70

Variation in length of stay across provinces and health regions may
contribute to variations in in-hospital mortality rates, although
most deaths occur shortly after admission to hospital, before
patients would be discharged from the index hospitalization. It has
been estimated that at least 95% of all deaths within 30 days of the
index infarction in Canada occurred in hospital (1). Data on outof-hospital mortality across the country were not available.
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Figure 3) Age- and sex-standardized in-hospital mortality rates per 100 patients with acute myocardial infarction (AMI) by health region (HR)
during fiscal years 1997/98 to 1999/2000. PEI Prince Edward Island

TABLE 4
Age- and sex-specific volume of acute myocardial infarction survivors aged 20 years and over in the Canadian acute
myocardial infarction cohort, 1997/98 to 1999/2000
Women (age range in years)
Fiscal year

20–49

50–64

65–74

1997/98

40,247

920

2782

3948

5855

13,505

4410

9359

1998/99

40,399

818

2636

3711

6223

13,388

4298

9533

1999/2000

41,357

896

2880

3686

6529

13,991

4392

9546

Total

122,003

2634

8298

11,345

18,607

40,884

13,100

100

2.2

6.8

9.3

15.2

33.5

10.7

Percentage

75+

Men (age range in years)

Total

Total

20–49

50–64

65–74

75+

Total

7199

5774

26,742

7124

6056

27,011

7026

6402

27,366

28,438

21,349

18,232

81,119

23.3

17.5

14.9

66.5

Data Source: Canadian Institute for Health Information

RESULTS
Table 1 shows the age- and sex-specific breakdown of the number of patients meeting the inclusion and exclusion criteria for
the AMI outcomes analysis. In total, 139,523 patients were
included in this analysis, of whom 35.3% were women and
64.7% were men.
Age- and sex-specific 30-day in-hospital mortality rates
after an AMI between 1997/98 and 1999/2000 for Canada are
shown in Table 2. They reveal an overall in-hospital mortality
rate of 12.5% in 1997/98, 12.4% in 1998/99 and 12.1% in
1999/2000. Elderly patients with AMI in Canada had considerably worse outcomes than the nonelderly, reiterating that age
is the most important prognostic factor in patients with AMI.
Age- and sex-standardized in-hospital mortality per 100 AMI
patients is shown in Table 3. Age- and sex-standardized in-hospital

mortality rates ranged from a high of 13.1% (95% CI 12.8% to
13.5%) in Quebec to a low of 10.5% (95% CI 8.4% to 12.6%)
in Prince Edward Island. The overall Canadian in-hospital mortality rate was 12.3%. It should be noted that Quebec had a
crude mortality rate similar to the Canadian average, with the
age- and sex-standardized results reflecting in part the lower
average age of AMI patients in Quebec (median 66 years) than
in the rest of Canada (median 68 years).
Figure 2 displays the interaction between age, sex and
in-hospital mortality rates for fiscal years 1997/98 to
1999/2000. For both men and women, in-hospital AMI mortality increased with increasing age. However, between the
ages of 35 and 84 years, women had higher in-hospital mortality rates than men. Similar findings have been observed in the
United States (14).
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TABLE 5
Age- and sex-specific acute myocardial infarction, angina and congestive heart failure one-year readmission rates per 100
acute myocardial infarction survivors aged 20 years and over in Canada, 1997/98 to 1999/2000
Women (age range in years)
Fiscal year

Total

20–49

50–64

65–74

75+

Men (age range in years)
Total

20–49

50–64

65–74

75+

Total

7.1

Acute myocardial infarction
1997/98

7.4

4.8

6.3

8.1

9.4

8.0

4.2

5.8

7.4

10.8

1998/99

7.6

4.6

6.7

7.4

10.4

8.5

4.9

5.4

7.7

11.3

7.2

1999/00

8.0

5.0

6.8

8.8

11.0

9.2

4.6

5.6

7.3

12.0

7.4

Overall

7.7

4.8

6.6

8.1

10.3

8.6

4.6

5.6

7.5

11.4

7.2

1997/98

13.0

16.4

15.8

14.4

12.0

13.8

12.5

13.4

11.8

12.1

12.5

1998/99

12.4

16.3

15.7

14.4

12.1

13.7

12.5

12.0

11.6

11.0

11.7

1999/00

12.1

15.1

14.6

13.5

11.6

13.0

12.1

11.6

11.4

11.7

11.6

Overall

12.5

15.9

15.4

14.1

11.9

13.5

12.4

12.3

11.6

11.6

12.0

Angina

Congestive heart failure
1997/98

7.6

3.0

5.4

9.3

15.4

10.7

1.2

3.0

7.0

13.6

6.1

1998/99

7.7

2.2

6.1

9.1

14.8

10.7

1.1

3.1

7.5

13.4

6.2

1999/00

7.1

2.5

5.1

9.0

13.7

10.0

0.8

2.6

6.6

12.2

5.6

Overall

7.5

2.6

5.5

9.1

14.6

10.5

1.0

2.9

7.0

13.0

6.0

Data source: Canadian Institute for Health Information

Analysis of in-hospital mortality by health region in
Canada is shown in Figure 3. Supplementary data tables showing the actual in-hospital mortality rates for each health region
in Canada are available on the CCORT Web site
(www.ccort.ca). Overall, Northern Lights Regional Health
Authority in Alberta, South Eastman health region in
Manitoba and North Bay Public Health Unit in Ontario had
the highest in-hospital mortality rates with rates of 22.4%,
17.4% and 16.6%, respectively. Alternatively, Région de la
Côte-Nord in Quebec, Lakeland Regional Health Authority in
Alberta and Oxford Public Health Unit in Ontario had the
lowest in-hospital mortality rates with rates of 8.0%, 9.1% and
9.1%, respectively.
The age- and sex-specific volume of AMI survivors in
Canada is shown in Table 4. This table presents AMI patients
who survived their index hospitalization during 1997/98
through 1999/2000. Overall, there was a higher absolute number of women over the age of 75 years surviving AMI than
men, while the absolute number of men aged 20 to 74 surviving AMI outnumbered women in the same age group. This
cohort of patients was used for the analysis of cardiac readmission rates shown in Table 5.
Readmissions after hospitalizations for cardiac conditions
are an important indicator of disease severity and may reflect
the quality of inpatient and outpatient health services and
delivery. Table 5 illustrates the age- and sex-specific postinfarction AMI, angina and CHF one-year readmission rates. An
average of 7.7% of AMI survivors were readmitted within one
year of the index hospitalization for a second AMI, 12.5% for
angina and 7.5% for CHF. Women and men over the age of
75 years had the highest rate of readmission for a second AMI
(10.3% and 11.4%, respectively) of all the age groups.
Although men had similar rates of readmission for angina
across all age groups, women between the ages of 20 and
49 years had higher rates of readmission for angina (15.9%).
With regard to hospital readmissions for CHF, both women and
men above the age of 75 years had higher rates for readmission
72

than the other age groups (14.6% and 13.0%, respectively). In
general, women were more likely than men to be readmitted
for a second AMI, angina and CHF across most age strata.
Age- and sex-standardized AMI, angina and CHF one-year
readmission rates per province are displayed in Table 6. The
AMI readmission rates varied from a low of 5.7% in Manitoba
to a high of 9.8% in Prince Edward Island. Only Ontario and
Prince Edward Island had one-year readmission rates for a second AMI (9.2% and 9.8%, respectively) that were significantly
greater than the national average of 7.7%. Conversely, British
Columbia, Alberta, Saskatchewan, Manitoba and Quebec had
one-year readmission rates for a second AMI that were significantly lower than the national average, with rates of 6.7%,
6.2%, 6.5%, 5.7% and 6.3%, respectively.
The angina readmission rates varied from a high of 14.0% in
New Brunswick to a low of 6.9% in Alberta. New Brunswick,
Quebec and Ontario were the only provinces with one-year
readmission rates for angina significantly greater than the
national average of 12.5%. Both Manitoba and Alberta had
one-year readmission rates for angina that were significantly
lower than the national average (9.0% and 6.9%, respectively).
One-year readmission rates for CHF by province are also
shown in Table 6. The CHF one-year readmission rates ranged
from high of 8.3% in New Brunswick to a low of 6.7% in
Prince Edward Island, Alberta and British Columbia. Ontario
and New Brunswick were the only provinces that had one-year
CHF readmission rates that were significantly higher than the
national average of 7.5%. British Columbia and Alberta both
had one-year readmission rates for CHF significantly lower
than the national average with rates of 6.7%.
In general, the prairie provinces had lower one-year readmission rates for AMI, angina and CHF, while the Atlantic
provinces and Ontario had higher postinfarction readmission
rates for AMI, angina and CHF.
Analysis of one-year AMI, angina and CHF readmission
rates by health regions in Canada are depicted in Figures 4, 5
and 6, respectively. Additional supplementary data tables list-
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TABLE 6
Age- and sex-standardized acute myocardial infarction, angina and congestive heart failure one-year readmission rates per
100 acute myocardial infarction survivors aged 20 years and over by province in Canada, 1997/98 to 1999/2000
Acute myocardial infarction
Province
Prince Edward Island

Volume

Readmission
rate (%)

95% CI

745

9.8**

7.9 to 11.7

Angina
Readmission
rate (%)
13.2

Congestive heart failure
95% CI

Readmission
rate (%)

95% CI

10.8 to 15.6

6.7

4.8 to 8.5

Nova Scotia

4571

7.4

6.7 to 8.2

12.6

11.6 to 13.5

7.2

6.5 to 8.0

New Brunswick

3925

8.1

7.3 to 9.0

14.0**

13.0 to 15.0

8.3**

7.5 to 9.1

Quebec

31,854

6.3*

6.0 to 6.6

13.8**

13.4 to 14.1

7.2

6.9 to 7.5

Ontario

50,686

9.2**

9.0 to 9.4

12.9**

12.6 to 13.2

7.9**

7.7 to 8.1

Manitoba

4496

5.7*

4.9 to 6.4

Saskatchewan

3768

6.5*

5.7 to 7.3

Alberta

9.0*
12.6
6.9*

8.1 to 10.0

7.3

6.6 to 8.1

11.6 to 13.7

7.6

6.8 to 8.4

9095

6.2*

5.7 to 6.8

6.3 to 7.6

6.7*

6.2 to 7.3

British Columbia

12,863

6.7*

6.2 to 7.2

12.1

11.5 to 12.7

6.7*

6.2 to 7.1

Total Canada

122,003

7.7

–

12.5

–

7.5

–

Data source: Canadian Institute for Health Information. *Significantly lower than the national average (P<0.05);**Significantly higher than the national average
(P<0.05)

Figure 4) Age- and sex-standardized one-year acute myocardial infarction (AMI) readmission rates per 100 AMI survivors by health region (HR),
1997/98 to 1999/2000. P.E.I. Prince Edward Island

ing one-year readmission rates for individual health regions are
available on the CCORT Web site (www.ccort.ca). Overall,
Northern Lights Regional Health Authority in Alberta, and
Kent-Chatham and Haldimand-Norfolk Public Health Units
in Ontario had the highest AMI readmission rates, with rates
of 15.8%, 13.9% and 13.1%, respectively. Conversely,
Burntwood Health Region in Manitoba, Aspen Regional
Health Authority in Alberta, Prince Albert Service Area in

Saskatchewan and Health Authority #5 in Alberta had the
lowest one-year AMI readmission rates, with rates of 2.4%,
2.7%, 3.6% and 3.6%, respectively.
With regard to one-year angina readmission rates,
Region 7 in New Brunswick, and Région de la ChaudièreAppalaches and Région de la Côte-Nord in Quebec had the
highest readmission rates of 22.6%, 21.9% and 21.7%, respectively. Alternatively, Calgary Regional Health Authority and
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Figure 5) Age- and sex-standardized one-year angina readmission rates per 100 acute myocardial infarction survivors by health region (HR),
1997/98 to 1999/2000. PEI Prince Edward Island

Figure 6) Age- and sex-standardized one-year congestive heart failure (CHF) readmission rates per 100 acute myocardial infarction survivors by
health region (HR), 1997/98 to 1999/2000. PEI Prince Edward Island
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Capital Health Authority of Alberta, and Middlesex-London
Public Health Unit in Ontario had the lowest angina readmission rates compared with the Canadian average, with rates of
2.0%, 4.0% and 6.0%, respectively.
Northern Lights Regional Health Authority in Alberta,
Keeweetinok Lakes Regional Health Authority in Alberta,
and South Westman Health Region in Manitoba had the highest CHF readmission rates compared with the national average
with rates of 20.1%, 14.5% and 12.7%, respectively. In contrast, Région du Nord-du-Québec in Quebec, Norman Health
Region in Manitoba and Westview Regional Health Authority
in Alberta had the lowest one-year CHF readmission rates
with rates of 2.9%, 3.1% and 4.3%, respectively.

DISCUSSION AND CONCLUSIONS
This study presents an analysis of in-hospital mortality rates
after an AMI and one-year postmyocardial infarction readmission rates for a second AMI, angina and CHF in Canada.
Significant variations in in-hospital mortality were found
across provinces and health regions. Because mortality after
an AMI is a result of multiple factors, the data should be
interpreted with caution (15). While lower in-hospital mortality rates in some provinces and health regions may reflect
better quality of care, other factors such as quicker patient
arrival time to hospitals, socioeconomic status and access to
invasive cardiac procedures, unmeasured differences in
patient severity and random chance variation may also contribute to lower in-hospital mortality rates (15-17). These
data, in conjunction with data published in other chapters of
the CCORT Atlas project, may potentially be used as a starting point for initiatives to lower the AMI mortality rate
across Canada.
Health regions with worse than expected outcomes may
potentially undertake a number of initiatives to improve their
results. For example, improvement in various process-of-care
measures such as door-to-needle time for thrombolytics, and
greater acute and chronic use of acetylsalicylic acid, betablockers, angiotensin-converting enzyme inhibitors and statins
have all been shown in large clinical trials to lower AMI mortality rates (16). Many studies from Canada and other jurisdictions have consistently documented that underuse of proven
AMI therapies is an ongoing and universal problem (4,18).
Ongoing measurement and monitoring of the CCORT/
Canadian Cardiovascular Society quality indicators for AMI
care may potentially be used as a strategy for initiatives aimed
at improving patient outcomes (19).
Readmissions after an AMI may reflect premature discharge from hospital, the natural progression of the disease,
poor compliance with secondary preventive medications and
inadequate outpatient care, among other factors. Provinces
and health regions with relatively high readmission rates may
wish to conduct detailed analyses of patients at their institutions to elucidate the relative contribution of each of these
factors (15).
The outcome analyses presented here differ slightly from
another study over the same timeframe published by CIHI as
part of the Health Indicators project, presumably due to slightly
different methods used to construct the AMI cohorts (1). Slightly
different methods were adopted by the CCORT investigators so
that Quebec and Manitoba could be included in this study. For
example, CIHI’s analyses were limited to health regions with populations over 100,000 and used a risk-adjustment model based on

the Ontario AMI mortality prediction rules to do the risk
adjustment (13). It was not possible to apply the Ontario AMI
mortality rules across Canada for the reasons discussed earlier.
Additional differences were the exclusion of patients hospitalized in March of each fiscal year in the CIHI study and the
inclusion of contiguous admission for any condition in constructing episodes of care in the CIHI analysis versus only cardiac conditions in the CCORT analyses. Nevertheless, the
results at the health region level were very similar for most
health regions across the country (1).
Study limitations
The present study has certain limitations. For example,
detailed information on case-mix and the in-hospital management of these AMI patients was not available and thus it
is not possible to make definitive conclusions about why
there are such wide regional differences in patient outcome
or why in-hospital mortality was lower in the younger and
the male patient groups. Furthermore, the administrative
databases do not include information on clinical severity,
such as the type of infarct and thrombolytic use. In contrast
to the United States, which has had a national clinical database entitled the Cooperative Cardiovascular Project (20),
no national population-based clinical databases are available
in Canada for studying AMI care. In light of these limitations, analyses of data on AMI outcomes using clinical databases at the provincial level or regional level are important
for evaluating the impact of recent advances in AMI treatment on patient outcomes in regional and provincial settings
(21). An additional limitation is possible variation in the
data quality of various provincial administrative databases.
The possibility that some of the differences seen in various
provinces and health regions reflect differences in the quality
of administrative data across Canada cannot be excluded.
Nevertheless, it is hoped that this study serves as a reminder
of the importance and value of developing and refining
national standards for administrative databases across
Canada, so that more comprehensive studies can be undertaken in the future.
Conclusions
There is considerable interregional variation in the short term
outcomes of AMI patients in Canada. Elderly and female AMI
patients have particularly worse outcomes. These documented
variations provide an important observation and suggest many
opportunities for detailed follow-up quality improvement initiatives across Canada.
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Les interventions cardiaques après un infarctus aigu du myocarde dans neuf provinces
canadiennes

BACKGROUND: Geographical variations in the use of invasive
cardiac procedures have been documented. It remains unclear to
what extent these variations exist across the Canadian provinces.
OBJECTIVE: To describe variation in the use of invasive cardiac
procedures and waiting times for these procedures across nine
Canadian provinces.
METHODS: Using longitudinal, de-identified patient data from the
Canadian Institute for Health Information, records of patients who
had suffered an acute myocardial infarction (AMI) in each of nine
Canadian provinces between 1997/1998 and 1999/2000 were selected.
Rates and median waiting times for percutaneous coronary intervention and coronary artery bypass graft surgery were calculated by age,
sex and health region.
RESULTS: There was a large variation in the use of and waiting
times for invasive cardiac procedures across the Canadian provinces
studied. In general, cardiac procedure rates in Western provinces
were higher than in Eastern provinces, most notably higher than in
the Maritime provinces and Ontario. In addition to interprovincial
variation, there was also significant regional variation in the rates of
revascularization and waiting times. Rates of percutaneous coronary
intervention increased over the study period, whereas rates of bypass
surgery remained relatively stable.
CONCLUSIONS: Significant variation in the use of cardiac procedures after AMI exists across Canada and this may represent potential inequalities in the treatment of AMI across Canada.

HISTORIQUE : Les variations géographiques dans l’utilisation des
interventions cardiaques envahissantes ont été documentées. On ne connaît toutefois pas la mesure de ces variations au Canada.
OBJECTIF : Décrire la variation dans l’utilisation des interventions cardiaques envahissantes et les délais d’attente à l’égard de ces interventions
dans neuf provinces canadiennes.
MÉTHODOLOGIE : Au moyen de données longitudinales de patients
anonymes tirées de l’Institut canadien d’information pour la santé, des
dossiers de patients ayant souffert d’un infarctus aigu du myocarde (IAM)
ont été sélectionnés dans chacune des neuf provinces canadiennes entre
1997-1998 et 1999-2000. Les taux et les délais d’attente médians pour les
interventions coronaires percutanées et les pontages aortocoronariens ont
été calculés selon l’âge, le sexe et la région sanitaire.
RÉSULTATS : On a remarqué une forte variation dans l’utilisation et les
délais d’attente des interventions cardiaques envahissantes entre les
provinces canadiennes à l’étude. En général, les taux d’intervention dans
les provinces de l’ouest étaient plus élevées que dans celles de l’est, et
surtout plus élevés que dans les Maritimes et en Ontario. Outre la variation interprovinciale, on observait également une variation régionale
marquée dans les taux de revascularisation et de délais d’attente. Les taux
d’interventions coronaires percutanées ont augmenté pendant la période
de l’étude, tandis que ceux de pontage sont demeurés relativement stables.
CONCLUSIONS : Il existe une variation significative dans l’utilisation
d’interventions cardiaques après l’IAM au Canada, ce qui peut représenter des inégalités potentielles dans le traitement de l’IAM au Canada.

Key Words: Acute myocardial infarction; Canada, Revascularization

cute myocardial infarction (AMI) is the leading cause
of mortality in Canada and its treatment places a large
financial burden on the health care system. Large regional
variations in the use of cardiac procedures after AMI, such
as percutaneous coronary intervention (PCI) and coronary
artery bypass graft (CABG) surgery, have been documented
across North America (1-3) and Europe (4,5). Similarly,
large variations in the use of revascularization procedures
after AMI have been identified within Canadian provinces,
notably Manitoba (6,7), Ontario (8,9) and Quebec (10).

A

Variations in waiting times for coronary revascularization
have also been identified across Europe and the United
States (11). However, few studies to date have examined to
what extent these variations exist among the Canadian
provinces (12).
To document variation in the treatment of AMI across
Canada, we compared temporal trends in treatment rates and
waiting times for two common cardiac procedures, PCI and
CABG, among patients suffering from an AMI across nine
Canadian provinces.
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2

Data for primary PCI were obtained from the following sources:
Regie de l’Assurance Maladie du Quebec and registre des hospitalisations in Quebec; Ontario Health Insurance Plan and
CIHI in Ontario; Improving Cardiovascular Outcomes in Nova
Scotia Registry in Nova Scotia; and the British Columbia hospitalization database and the Medical Service Plan in British
Columbia. The definition of primary PCI was similar across the
data sources. Primary PCI data were not available for the other
provinces.

1

Statistical analyses

5

Percent

4

Quebec
Ontario
Nova Scotia
British Columbia

3

0
1997/98

1998/99

1999/2000

Overall

Figure 1) Primary percutaneous coronary intervention rates between
1997 and 2000. Data from Regie de l’Assurance Maladie du Quebec
and registre des hospitalisations (Quebec), Ontario Health Insurance
Plan and Canadian Institute for Health Information (Ontario),
Improving Cardiovascular Outcomes in Nova Scotia Registry (Nova
Scotia), and the British Columbia hospitalization database and the
Medical Service Plan (British Columbia)

METHODS
Encrypted records of patients who had suffered an AMI between
the fiscal years 1997/1998 and 1999/2000 were selected. The coding system from the International Classification of Diseases, ninth
revision (13) was used to identify the most responsible diagnosis of
AMI (code 410) at the time of discharge. To ensure comparability
between the study populations from different provinces, several
exclusions were made. The records of patients who had been
admitted for AMI within one year before their index AMI or who
died within one hour of admission were excluded (because British
Columbia hospitals routinely code patients who die in the emergency room as hospital admissions) (14). Records of patients who
were discharged alive with a total length of stay of less than three
days, suggesting an erroneous initial diagnosis of AMI, were also
excluded. Records were also excluded if the patients had been
transferred from another acute care facility (so that only the first
admission would be counted), if they were not admitted to an
acute care facility or if they were admitted to a noncardiac surgical
service (so that patients with, for example, postoperative AMI
complications would not be included). For each index admission,
length of stay was defined as the total length of stay over all contiguous admissions. Finally, if patients were aged less than 20 years
or greater than 105 years, or if AMI was coded as an in-hospital
complication, the records were not included in the study population. Use of PCI and CABG was defined by examining the procedure fields in the Canadian Institute for Health Information
(CIHI) discharge abstracts. The following Canadian Classification
of Procedures (CCP) codes (15) were used for percutaneous transluminal coronary angioplasty: 48.02, 48.03 and 48.09. The following CCP codes were used for CABG: 48.11 to 48.19. Procedures
that were coded as ‘out of hospital’, ‘before admission’ or ‘cancelled’ were excluded.
Data were obtained from the CIHI for encrypted patient
records in each of the Canadian provinces for which comparable data were available. Although data were available for
Newfoundland, that province was not included due to variations in coding practices (14). Primary PCI was defined as PCI
performed on the same day of admission as the AMI admission.
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For each province, yearly and overall rates of PCI and CABG use
within 30 days and one year of admission were calculated. Overall
revascularization rates within 30 days and one year were also calculated, capturing whether patients had received either PCI or
CABG. Additionally, rates of primary PCI were calculated if PCI
was performed on the day of admission. Procedure rates within
30 days of admission were stratified by age and sex, as well as by
health region. All rates are reported as number of procedures per
100 patients, and are based on the patient’s residence, not on location of admission or procedure. Yearly and overall median waiting
times from admission to PCI, to CABG and to any revascularization procedure were also calculated for each province.
Additionally, median waiting times were stratified by age, sex and
health region.

RESULTS
Procedure rates
Regional variation: Figure 1 and Table 1 illustrate the rates of
PCI, CABG and overall revascularization during the fiscal
years 1997/1998 to 1999/2000. There was considerable variation across Canada in the use of cardiac revascularization during the study period. This variation tended to align itself along
an east-west axis across the country. Rates of cardiac revascularization were typically higher in Western provinces, notably
Alberta and British Columbia, and lower in the Maritime
provinces. The highest rates of revascularization at one year
were observed in Alberta (36%) and British Columbia (32%).
In contrast, Prince Edward Island had a rate of revascularization of 6% at one year post-admission. This east-west gradient
was also observable for PCI alone. Alberta, for example, had
the highest rates of PCI use, both at 30 days (23%) and at one
year (26%), followed by British Columbia at 19% for 30 days
and 24% for one year. An important exception to this trend
was Ontario, which tended to have similar rates as the
Maritime provinces in use of PCI (8% at 30 days and 13% at
one year).
Among the four provinces for which primary PCI data were
available, Quebec had the highest rate of this procedure
(3.6%), followed by British Columbia (2.5%), Nova Scotia
(2.0%) and Ontario (0.9%) (Figure 1).
The east-west gradient occurred to a lesser extent in the use
of CABG. Again, Alberta and British Columbia had the highest 30-day rates, at 7% and 5%, respectively. A notable exception, however, was Nova Scotia, which had a low PCI rate but
the highest one-year CABG rate (12%).
In addition to interprovincial variation in revascularization
rates, there was also significant regional variation during the
study period (Figures 2 and 3). In Alberta, for example, only
5% of patients in the Peace Regional Health Authority
received PCI compared with 39% in the Calgary Regional
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TABLE 1
Rates of percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG) surgery and overall
revascularization between 1997 and 2000
PCI (%)
Province

CABG (%)

1997/1998 1998/1999 1999/2000 Overall

Any revascularization (%)

1997/1998 1998/1999 1999/2000 Overall

1997/1998 1998/1999 1999/2000

Overall

Prince Edward Island
30 days

0.0

2.8

4.8

2.8

0.0

0.6

4.1

1.7

0.0

3.5

8.5

4.3

1 year

0.0

3.2

7.1

3.7

0.0

0.9

5.8

2.4

0.0

3.8

12.6

5.9

Nova Scotia
30 days
1 year

8.1

9.6

11.5

9.7

3.1

3.6

4.6

3.8

11.2

13.1

16.0

13.4

12.9

15.3

17.3

15.1

11.7

11.0

12.7

11.8

24.2

25.5

29.3

26.3

New Brunswick
30 days

11.7

16.7

16.4

14.9

3.7

4.1

5.3

4.4

15.4

20.8

21.7

19.2

1 year

15.0

19.8

19.9

18.2

6.8

6.8

8.7

7.4

21.6

26.3

28.2

25.3

30 days

16.3

17.9

21.1

18.4

4.1

4.9

4.7

4.6

20.2

22.6

25.6

22.7

1 year

20.5

21.8

24.9

22.4

9.5

9.6

9.9

9.7

29.1

30.5

33.8

31.1

Quebec

Ontario
30 days
1 year

6.1

7.9

9.7

7.9

4.5

5.0

5.2

4.9

10.5

12.8

14.8

12.7

10.3

12.7

14.5

12.5

10.8

11.2

11.4

11.1

20.6

23.3

25.2

23.0

Manitoba
30 days

7.6

11.6

11.3

10.2

5.8

5.7

6.2

5.9

13.4

17.1

17.2

15.9

1 year

9.6

13.4

13.2

12.1

12.0

10.2

10.0

10.7

21.1

23.0

22.6

22.2

Saskatchewan
30 days

8.6

16.8

22.2

16.7

4.3

3.4

4.2

4.0

12.9

19.9

26.2

20.4

11.3

21.4

26.6

20.7

8.4

9.6

10.2

9.5

19.0

29.7

35.8

29.2

30 days

18.9

25.0

25.8

23.3

5.3

6.4

8.2

6.7

24.1

31.1

33.6

29.7

1 year

22.3

28.3

27.6

26.1

10.4

10.5

12.2

11.0

31.9

37.6

38.8

36.2

30 days

16.1

18.4

22.2

19.0

4.4

5.6

5.8

5.3

20.2

23.8

27.8

24.0

1 year

20.5

23.3

26.8

23.6

9.0

9.9

9.9

9.6

28.8

32.3

35.7

32.3

1 year
Alberta

British Columbia

Data from the Canadian Institute for Health Information

Health Authority. This was similar for CABG but less pronounced.
Temporal trends: With the exception of a few provinces, the
data suggest that rates of total revascularization have increased
over time (16). This trend was due to an increase in the use of
PCI, in contrast to CABG, which remained stable over the
three years. In 1997/1998, 11% of patients in Saskatchewan
had received PCI within one year after admission, increasing
to 27% in 1999/2000. In the case of CABG, the rate of use
increased only very slightly from 8% to 10% between
1997/1998 and 1999/2000. Consequently, revascularization
overall increased from 19% to 36% at one year in
Saskatchewan. This trend also occurred in Eastern provinces.
In Nova Scotia, for example, 13% of patients received PCI in
1997/1998, compared with 17% in 1999/2000. The use of
CABG increased only slightly in Nova Scotia during the study
period, from 12% to 13%. As a result, revascularization overall
in Nova Scotia increased from 24% to 29%.
Age-sex variations: Tables 2 and 3 present the total number of
AMI cases and compare the age- and sex-specific revascularization rates aggregated over 1997/1998 to 1999/2000. There were
almost twice as many AMI cases among men than among
women in all provinces during those years. Among women, the
incidence of AMI increased with age, whereas the number of

AMI cases among men was the highest between the ages of 50
and 64 years.
Despite these distributions, both men and women in the
youngest age group had the highest rates of revascularization at
one year. This was similar for PCI use in most provinces. With
respect to CABG use at one year, both men and women in the
age classes 50 to 64 years and 65 to 74 years generally received
more procedures than any other age class. For the most part,
men received more cardiac procedures than women within one
year after admission for AMI. In Quebec, for example, 25% of
men received PCI within one year after admission, compared
with 18% of women. With respect to CABG, 11% of men
received this procedure at one year, compared with 7% of
women.
Procedural waiting times
Regional variations: Table 4 illustrates median waiting times
from AMI to PCI, CABG or any revascularization during the
fiscal years 1997/1998 to 1999/2000. There was large variation
in waiting times for revascularization across Canada during the
study period. Similar to procedure rates, an east-west gradient
was observable across the country in waiting times for revascularization. The median wait for any revascularization was the
longest in Nova Scotia (29 days), and the shortest in Alberta
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Figure 2) Rates of use of percutaneous coronary intervention within 30 days of admission, per 100 acute myocardial infarction (AMI) survivors, by
health region (HR), 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

Figure 3) Rates of use of coronary artery bypass graft surgery within 30 days of admission, per 100 acute myocardial infarction (AMI) survivors, 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 4) Median wait time from acute myocardial infarction (AMI) to percutaneous coronary intervention, by health region (HR), 1997/1998 to
1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

Figure 5) Median wait time after acute myocardial infarction (AMI) to coronary artery bypass graft surgery, 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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TABLE 2
Total number of acute myocardial infarction (AMI) cases and comparison of age- and sex-specific revascularization rates
aggregated over 1997/1998 to 1999/2000
Men (age [years])

Prince Edward Island
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Nova Scotia
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
New Brunswick
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Quebec
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Ontario
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Manitoba
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Saskatchewan
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)
Alberta
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)

Women (age [years])

20-49

50-64

65-74

≥75

Overall

20-49

50-64

30 days
1 year
30 days
1 year
30 days
1 year

79
5.1
6.3
0.0
0.0
5.1
6.3

159
1.3
3.8
0.6
1.3
1.9
5.0

165
3.0
4.2
3.6
6.1
6.7
9.7

131
2.3
2.3
0.8
0.8
3.1
3.1

534
2.6
3.9
1.5
2.4
4.1
6.2

*
*
*
*
*
*
*

30 days
1 year
30 days
1 year
30 days
1 year

526
15.4
26.8
5.3
12.4
20.5
38.2

1085
15.1
21.9
4.9
15.8
19.8
36.7

822
7.5
12.4
4.4
17.6
11.8
29.8

793
4.3
7.7
2.1
6.2
6.4
13.6

3226
10.6
16.8
4.2
13.3
14.6
29.5

30 days
1 year
30 days
1 year
30 days
1 year

475
26.7
32.1
5.1
8.4
31.8
40.2

897
20.0
25.1
6.5
10.8
26.4
35.7

702
13.4
16.6
7.3
11.4
20.7
27.5

743
7.1
8.4
2.2
4.7
9.3
12.7

30 days
1 year
30 days
1 year
30 days
1 year

4094
29.1
36.5
4.0
8.2
32.9
43.5

8395
26.1
31.7
6.1
13.1
31.9
43.5

6028
17.7
21.4
7.1
14.3
24.4
34.4

30 days
1 year
30 days
1 year
30 days
1 year

5176
17.1
27.1
5.4
12.8
22.5
38.8

11,865
11.6
19.2
7.6
17.9
19.0
36.0

30 days
1 year
30 days
1 year
30 days
1 year

424
20.8
24.1
5.9
10.4
26.4
33.7

30 days
1 year
30 days
1 year
30 days
1 year

30 days
1 year
30 days
1 year
30 days
1 year

Province

65-74

≥75

Overall

57
1.8
1.8
1.8
3.5
3.5
5.3

73
4.1
4.1
4.1
4.1
6.8
6.8

159
3.1
3.8
0.6
0.6
3.8
4.4

301
3.0
3.3
2.0
2.3
4.7
5.3

132
15.9
25.0
2.3
10.6
18.2
33.3

395
15.7
24.6
4.1
15.4
19.7
39.0

462
6.9
8.9
4.3
11.3
11.0
19.3

962
4.8
7.4
2.4
5.8
7.2
13.0

1951
8.3
12.4
3.2
9.4
11.4
21.1

2817
16.1
19.7
5.3
8.9
21.4
28.3

117
31.6
35.0
2.6
5.1
34.2
40.2

299
21.7
28.4
3.7
5.7
25.1
33.4

408
15.7
18.4
4.9
7.8
20.6
26.0

807
5.3
6.6
1.5
2.9
6.8
9.3

1631
12.8
15.6
2.8
4.8
15.6
20.1

5336
7.8
9.2
3.0
6.4
10.7
15.2

23,853
20.4
24.9
5.3
11.1
25.4
34.9

793
28.6
35.6
3.3
7.2
31.7
41.0

2373
25.7
31.4
4.2
10.0
29.8
40.2

3334
18.1
21.4
5.2
11.6
23.0
31.9

6045
6.5
7.6
1.6
3.3
8.0
10.7

12,545
14.6
17.6
3.1
7.0
17.6
23.8

9950
7.2
11.2
6.7
15.4
13.7
26.1

9887
3.0
4.5
2.7
5.5
5.7
10.1

36,878
8.9
14.2
5.7
13.2
14.5
26.8

1062
17.0
26.0
3.7
9.4
20.4
34.1

3674
12.4
19.5
5.9
13.2
18.2
31.5

5715
7.4
11.2
5.2
11.7
12.6
22.4

10,640
2.5
3.5
1.4
3.0
4.0
6.3

21,088
6.3
9.5
3.4
7.4
9.6
26.8

991
14.9
17.3
9.4
17.1
24.0
33.6

874
10.9
12.6
8.4
14.9
19.2
27.2

987
3.7
4.6
3.3
6.0
7.0
10.2

3276
11.2
13.1
6.8
12.3
17.9
24.9

77
16.9
22.1
5.2
10.4
20.8
28.6

322
18.6
22.4
7.1
12.7
25.5
34.2

458
8.3
11.4
7.0
12.0
15.1
22.3

1013
4.5
5.2
2.1
4.4
6.5
9.4

1870
8.4
10.4
4.3
8.0
12.5
17.6

304
29.6
39.8
3.3
10.5
32.6
47.7

753
26.3
34.1
6.0
14.9
32.1
47.3

804
17.4
20.8
6.8
14.6
24.0
34.5

954
8.3
9.4
2.5
5.0
10.8
14.3

2851
18.0
22.6
4.8
11.0
22.6
32.5

70
34.3
37.1
5.7
12.9
38.6
45.7

221
24.4
31.2
3.2
11.8
26.7
41.2

361
18.3
23.0
5.0
12.5
22.7
34.1

876
8.3
9.9
1.0
2.6
9.2
12.4

1528
14.2
17.3
2.5
6.7
16.3
32.5

1120
35.4
39.0
4.2
7.6
39.3
45.7

2399
30.3
33.7
7.6
14.1
37.7
46.6

1752
23.1
26.4
10.8
17.2
33.3
42.0

1663
10.9
13.0
6.1
8.4
16.8
21.1

6934
24.6
27.8
7.5
12.5
31.8
39.2

236
35.6
38.1
2.5
7.2
38.1
43.6

660
30.3
33.0
5.2
8.8
35.2
40.8

856
26.3
28.9
8.6
13.6
34.7
41.5

1463
10.0
11.4
2.7
4.4
12.5
15.5

3047
20.4
22.5
4.8
7.9
24.9
29.7

continued on next page
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TABLE 2 (continued)
Total number of acute myocardial infarction (AMI) cases and comparison of age- and sex-specific revascularization rates
aggregated over 1997/1998 to 1999/2000
Men (age [years])
Province
British Columbia
Number of AMI patients
PCI (%)
CABG (%)
Any revascularization (%)

30 days
1 year
30 days
1 year
30 days
1 year

20-49

50-64

65-74

1141
35.8
44.0
5.1
9.5
40.4
52.0

3120
29.1
36.3
8.0
14.8
36.7
49.8

2734
20.1
25.3
8.2
14.9
28.1
39.1

Women (age [years])

≥75
2990
8.8
11.1
3.0
5.3
11.7
16.2

Overall

20-49

50-64

9985
21.3
26.6
6.2
11.4
27.3
37.0

226
26.1
36.3
4.0
5.3
29.2
40.3

833
26.3
32.1
5.5
10.9
31.6
40.9

≥75

65-74
1330
19.4
23.7
5.3
10.2
24.2
32.3

2687
7.1
8.6
1.7
2.9
8.8
11.4

Overall
5076
14.3
17.6
3.4
6.2
17.5
23.0

*Data not available. CABG Coronary artery bypass graft surgery; PCI Percutaneous coronary intervention. Data from the Canadian Institute for Health Information

TABLE 3
Comparison of age- and sex-specific primary percutaneous coronary intervention rates aggregated over 1997/1998 to
1999/2000
Men (age [years])

Women (age [years])

20-49

50-64

65-74

≥75

Overall

65-74

≥75

Quebec (%)

6.2

5.3

3.1

1.5

4.1

6.0

5.3

2.8

1.4

2.8

Ontario (%)

1.8

1.5

0.8

0.4

1.1

1.9

1.4

0.7

0.3

0.7

Province

20-49

50-64

Overall

Nova Scotia (%)

3.4

3.0

1.9

0.7

2.3

3.0

2.9

1.8

0.8

1.7

British Columbia (%)

4.4

4.2

2.4

1.0

2.8

5.5

3.7

2.1

1.1

2.0

Data sources: Quebec – Conseil consultatif de pharmacologie du Quebec; Ontario – Canadian Institute for Health Information and Ontario Health Insurance Plan;
Nova Scotia – Improving Cardiovascular Outcomes In Nova Scotia Registry; British Columbia – British Columbia hospitalization database and Medical Service Plan

TABLE 4
Waiting times from acute myocardial infarction to percutaneous coronary intervention (PCI), coronary artery bypass graft
(CABG) surgery or any revascularization procedures from 1997 to 2000
Median waiting time (25th and 75th quantiles), days
CABG

PCI
Province
PEI
Nova Scotia
New Brunswick

1997/1998 1998/1999 1999/2000 Overall
*

4 (3-5)

9 (4-59)

7 (3-34)

15 (7-72)

15 (5-74)

11 (4-62)

13 (5-68)

1997/1998

1998/1999

*
74 (26-143)

*
64 (17-140)

1999/2000

Overall

12 (9-57)

12 (10-84)

50 (16-137)

63 (20-139)

Any revascularization
1997/1998 1998/1999 1999/2000 Overall
*

5 (3-6)

10 (7-59)

39 (11-123) 28 (8-100) 20 (7-96)

9 (8-34)
29 (8-108)

8 (3-24)

8 (4-16)

8 (3-17)

8 (3-18)

26 (11-145)

20 (11-78)

20 (10-94)

22 (11-107)

11 (5-52)

10 (5-22)

10 (5-25)

10 (5-27)

Quebec

11 (4-25)

9 (4-19)

7 (3-15)

9 (4-19)

36 (19-92)

30 (17-83)

33 (16-80)

33 (18-85)

16 (6-41)

13 (5-32)

10 (4-29)

13 (5-34)

Ontario

19 (8-92)

16 (6-83)

14 (5-63)

16 (6-78)

51 (17-165)

40 (16-154)

39 (17-140)

43 (16-154)

28 (11-127) 23 (10-112) 21 (9-94)

24 (10-110)

7 (4-19)

5 (3-11)

4 (3-8)

5 (3-12)

37 (14-131)

24 (11-104)

19 (11-78)

24 (12-110)

16 (7-63)

10 (4-32)

8 (4-28)

11 (4-38)

11 (5-25)

6 (3-21)

4 (2-13)

6 (3-18)

27 (12-127)

52 (13-117)

51 (13-116)

47 (13-118)

15 (7-82)

11 (3-61)

7 (3-39)

9 (3-52)

Alberta

6 (2-14)

5 (3-11)

4 (2-9)

5 (2-11)

27 (13-135)

21 (11-91)

18 (11-63)

21 (12-97)

9 (3-28)

8 (3-18)

6 (3-15)

8 (3-18)

British Columbia

8 (4-21)

6 (3-17)

6 (3-13)

7 (3-16)

31 (14-138)

23 (11-114)

22 (11-99)

25 (12-114)

11 (5-47)

9 (4-37)

8 (3-24)

9 (4-33)

Manitoba
Saskatchewan

*Data not available. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

(eight days) and British Columbia (nine days). Again,
Ontario was an important exception to this trend, with a
median waiting time similar to those of the Maritime
provinces (24 days).
The east-west gradient in waiting time was less apparent in
the use of PCI. The median waiting time for PCI over the
three years of the study was the longest in Ontario (16 days)
and the shortest in the Western provinces (five days in both
Manitoba and Alberta, and six days in Saskatchewan). A certain east-west gradient in the median waiting time for CABG
was also apparent. Again, however, Ontario had a notably long
waiting period (43 days) compared with its neighbours,
Quebec (33 days) and Manitoba (24 days). Saskatchewan was

also an important exception, with a median wait of 47 days for
CABG across the three years of the study.
In addition to interprovincial variation in waiting times for
revascularization, there was also significant regional variation
during the study period (Figures 4 and 5). In New Brunswick,
patients waited between three and 16 days for PCI, depending
on which region they lived in. Similarly, the wait for CABG in
Saskatchewan ranged from 13 to 100 days.
Temporal trends: In general, the waiting times across
Canada for revascularization shortened over the study period.
In Ontario, for example, the median waiting time for PCI
decreased from 20 days in 1997/1998 to 15 days in
1999/2000, the median wait for CABG decreased from 53 to
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TABLE 5
Age- and sex-specific waiting times from acute myocardial infarction to percutaneous coronary intervention (PCI), coronary
artery bypass graft (CABG) surgery or any revascularization procedures aggregated over 1997/1998 to 1999/2000
Median waiting time (25th and 75th quantiles), days
Women (age [years])
Province

20-49

50-64

65-74

Men (age [years])
≥75

Overall

20-49

50-64

65-74

≥75

Overall

Prince Edward Island
PCI

*

*

*

5 (1-10)

7 (3-10)

*

74 (9-120)

4 (3-34)

*

5 (3-37)

CABG

*

*

*

*

10 (5-21)

*

*

12 (8-84)

*

12 (9-84)

Any revascularization

*

*

*

5 (1-10)

8 (5-11)

*

74 (9-174)

10 (5-47)

*

9 (5-59)
15 (5-77)

Nova Scotia
PCI
CABG
Any revascularization

8 (5-29)

13 (5-38)

12 (5-56)

18 (4-107)

12 (5-61)

16 (6-65)

24 (8-78)

113 (38-200)

12 (8-99)

54 (25-132)

11 (4-61)

49 (16-125)

41 (12-88)

50 (17-125)

46 (13-148)

74 (20-160)

72 (31-148)

51 (20-117) 66 (21-146)

16 (8-128)

28 (7-105)

20 (8-83)

18 (7-66)

21 (7-92)

24 (6-128)

21 (8-120)

48 (13-112)

37 (10-88)

32 (9-116)

8 (3-15)

8 (3-18)

New Brunswick
PCI
CABG
Any revascularization

5 (2-9)

8 (4-30)

8 (4-18)

8 (4-19)

8 (3-18)

7 (3-15)

8 (3-20)

9 (4-18)

37 (9-133)

14 (11-119)

20 (16-54)

25 (12-115)

21 (12-97)

23 (9-158)

17 (11-117)

23 (9-93)

34 (10-107) 22 (10-110)

6 (2-10)

9 (5-32)

13 (5-26)

10 (5-34)

9 (5-25)

8 (4-21)

11 (5-33)

12 (6-28)

10 (5-34)

10 (5-28)

Quebec
PCI

7 (3-18)

8 (4-20)

9 (4-20)

10 (5-21)

9 (4-20)

8 (3-22)

8 (4-18)

9 (4-19)

9 (4-18)

9 (4-19)

37 (15-160)

39 (21-106)

34 (18-80)

32 (18-66)

34 (19-89)

32 (16-105)

34 (18-97)

31 (16-69)

34 (18-87)

33 (17-84)

9 (4-26)

11 (4-32)

14 (6-34)

13 (6-31)

12 (5-32)

10 (4-30)

12 (5-34)

15 (6-37)

16 (7-38)

13 (5-35)

PCI

14 (5-71)

16 (7-72)

17 (7-59)

14 (6-38)

15 (6-62)

15 (5-79)

17 (6-90)

17 (7-79)

15 (5-57)

16 (6-82)

CABG

65 (18-204)

38 (16-161)

39 (17-144)

31 (16-96)

37 (16-147)

60 (15-179)

48 (17-163)

44 (17-147)

35 (16-123) 45 (17-156)

Any revascularization

19 (7-95)

21 (9-104)

24 (11-101)

19 (8-62)

21 (9-91)

19 (7-106)

26 (10-122)

27 (12-118)

25 (11-93)

CABG
Any revascularization
Ontario

25 (10-116)

Manitoba
PCI
CABG
Any revascularization

6 (4-18)

5 (3-11)

6 (4-43)

7 (4-14)

6 (3-16)

22 (6-118)

18 (12-105)

25 (13-110)

31 (14-74)

25 (12-105)

7 (4-32)

8 (4-31)

15 (5-56)

13 (6-33)

11 (5-37)

4 (2-8)
26 (14-148)
6 (3-23)

6 (3-15)

6 (4-14)

5 (3-11)

23 (11-124)

4 (2-9)

21 (12-101)

25 (13-84)

23 (12-114)

11 (4-40)

13 (6-42)

14 (7-49)

11 (4-39)

Saskatchewan
PCI
CABG
Any revascularization

5 (3-14)

6 (2-19)

7 (3- 30)

6 (3-16)

6 (3-18)

4 (2-32)

6 (3-27)

4 (3-12)

6 (3-13)

5 (2-18)

64 (18-117)

79 (15-153)

59 (10-171)

39 (17-140)

59 (12-157)

78 (21-148)

55 (14-109)

37 (12-91)

29 (13-93)

43 (13-108)

1 (4-76)

9 (4-31)

9 (4-50)

7 (2-63)

9 (4-52)

11 (4-28)

9 (3-54)

7 (3-19)

10 (3-77)

10 (4-62)

Alberta
PCI
CABG
Any revascularization

5 (3-10)

5 (2-11)

7 (3-14)

5 (2-11)

4 (2-8)

5 (2-10)

6 (2-13)

6 (2-14)

5 (2-11)

70 (20-120)

4 (2-8)

19 (14-59)

20 (12-56)

26 (14-77)

22 (14-74)

22 (9-116)

25 (13-135)

19 (10-84)

18 (11-38)

21 (11-102)

5 (2-10)

6 (3-15)

9 (3-19)

9 (3-24)

8 (3-18)

5 (2-11)

7 (3-19)

10 (4-22)

11 (4-24)

8 (3-19)

British Columbia
PCI
CABG
Any revascularization

6 (3-47)

7 (3-16)

8 (4-18)

6 (3-17)

7 (3-18)

6 (3-13)

6 (3-15)

7 (3-18)

7 (3-18)

6 (3-16)

10 (7-62)

30 (13-142)

26 (13-119)

18 (12-70)

24 (13-108)

25 (11-136)

25 (11-126)

24 (12-109)

25 (13-87)

25 (11-115)

7 (3-47)

9 (5-23)

11 (5-31)

10 (3-24)

10 (4-27)

7 (3-21)

9 (4-36)

11 (4-41)

11 (4-40)

9 (4-35)

*Data not available. Data from the Canadian Institute for Health Information

39 days, and the median wait for any revascularization
decreased from 29 to 22 days. In Nova Scotia, the median
waiting time for PCI diminished from 15 to 12 days, the
median wait for CABG decreased from 77 to 53 days, and the
median wait for any revascularization decreased from 39 to
23 days. Nevertheless, some exceptions to this trend
occurred. In Saskatchewan, the median wait for CABG
increased from 27 to 52 days.
Age-sex variations: Table 5 compares age- and sex-specific
waiting times from AMI to PCI, CABG or any revascularization aggregated over 1997/1998 to 1999/2000. In general,
waiting times for revascularization were the longest among the
elderly, particularly among women. In Alberta, for example,
84

the median wait for PCI was seven days among women aged
75 years and older, compared with four days among women
aged 20 to 49 years. In Quebec, the median wait for this procedure was nine days among women in the age classes 65 to
74 years and 75 years and older, compared with seven days
among women aged 20 to 49 years. Waiting times for CABG
also increased slightly with patient age.
In most provinces, waiting times for invasive cardiac procedures were comparable between men and women during the
study period. Of notable importance, however, women in
Saskatchewan had longer waiting times for both cardiac procedures, whereas men in Nova Scotia and Ontario had longer
waiting times.
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DISCUSSION
We studied variation in revascularization rates and waiting
times for revascularization across nine Canadian provinces.
We found considerable variability in procedure rates and
waiting times across the country, both interprovincially and
regionally. There was an apparent east-west gradient in the
availability of cardiac care for AMI. Western provinces
tended to treat AMI patients more aggressively: cardiac procedure rates were higher and waiting times were shorter.
Eastern provinces, most notably the Maritime provinces,
had lower rates of cardiac procedure use and longer waiting
times. Ontario was an important exception to this trend,
with procedure use rates and waiting times largely similar to
those of the Maritime provinces.
Although data for coronary angiography were not readily available in the present study, variations in overall revascularization – PCI and CABG combined – correlated highly
with regional variations in angiography. This correlation
has been described previously as the “funnel effect”, whereby the number of patients from a given region who are
referred for angiography is proportional to the number of
patients in that region who ultimately receive PCI or
CABG (6,17). This model suggests that variation in the use
of revascularization is attributable to variation in the use of
angiography, and inequity in the access to cardiac care is
greatest for angiography. Once a patient has received
angiography, however, inequities in receiving revascularization are greatly reduced.
Although our findings are important, representing significant discrepancies in the treatment of AMI across Canada,
we do not have any information regarding the appropriateness of care for AMI. Accordingly, the significance of geographical variations in revascularization rates is difficult to
interpret and we do not make any attempts to identify the
optimal rates for procedure use.
Primary PCI was used rarely across four Canadian
provinces during the study period. Given recent evidence of
the benefit of primary PCI compared with thrombolytic
therapy among AMI patients (18), an increase in the use of
this procedure could be of benefit. However, an increase in
access to primary PCI has important cost implications, especially given that some Canadian provinces only have one
hospital that offers the procedure, while some have none.
The feasibility of rapid-transfer mechanisms or stand-alone
PCI centres must be investigated in future research and
health policy planning.
We identified notable time trends in the use and waiting
times for revascularization. Overall, waiting times for revascularization shortened greatly across the study period.
Accompanying this trend, we identified significant increases
in the use of revascularization across the study period, a
result of increased PCI use, but not CABG. This increasingly
preferential use of PCI has previously been identified among
European countries (5), with the ratio of PCI to CABG
increasing markedly between 1992 and 1996.
Additionally, we found important variations in procedure rates and waiting times among patient groups. In particular, revascularization rates correlated negatively with
patient age, while waiting times correlated positively with
patient age, particularly among women. Given that patient
age is an unequivocal baseline risk factor for AMI outcomes, perhaps the elderly (or at least specific subgroups

among them) would benefit from a more liberal use of
revascularization (19).
Several potential limitations to the study exist.
Administrative data do not always capture the full extent of
illness in a population. The accuracy of our conclusions rests
on the correct diagnosis and coding of the AMI event. If an
AMI event was incorrectly coded in the administrative data,
then this represents a potential source of error in our analysis.
Nevertheless, the coding system was uniform across the country for all revascularization procedures except primary PCI,
and the use of administrative databases for the study of heart
disease in Canada has previously been validated (20,21).
However, because different data sources were used for primary
PCI, the results regarding this procedure need to be interpreted with caution.
We excluded from our analyses the records of patients
who were discharged alive within three days after admission
to avoid the possibility of using the data from patients with
an incorrect initial diagnosis of AMI. However, we may also
have excluded some AMI patients with a short length of
stay, which might have lead to bias in our estimates of the
procedure rates.
We considered in our analyses only inpatient procedures.
However, a certain proportion of the procedures are performed
on an outpatient basis, which could be another potential
source of underestimation of revascularization rates across the
provinces, although during the study period, outpatient PCI
was rare.
Another potential limitation of our analysis is the measure
of waiting time that was used. We identified waiting times for
invasive cardiac procedures based on time since AMI. If, however, a patient was referred for a cardiac procedure by a specialist days or weeks after initial hospitalization for AMI, then
our measure represents an underestimate of the true waiting
time. Another limitation was the inability to follow the
encrypted patient records across provincial boundaries to get
out-of-province procedures.
Finally, the relatively short length of the study period limited
our ability to draw conclusions about time trends and more current practices. Nevertheless, relatively large changes in procedure rates, particularly for PCI, were observed over the three
years of the study.

CONCLUSION
We observed significant interprovincial and regional variation in the use of revascularization procedures across Canada.
Moreover, waiting times for revascularization procedures varied similarly across the country. Interpretation of “appropriateness of procedure use” is limited in the present study.
However, the study highlights potential inequities in the
treatment of AMI across the country that must be addressed
in future research and policy planning.
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BACKGROUND: Therapy for management of acute myocardial
infarction (AMI) varies according to patient, prescriber and geographical characteristics.
OBJECTIVES: To describe the in-hospital use of reperfusion therapy
for ST elevation MI (STEMI) and discharge use of acetylsalicylic
acid, beta-blockers, angiotensin-converting enzyme inhibitors
(ACEIs) and statins in patients presenting with either STEMI or
non-STEMI in Canada from 1999 to 2002.
METHODS: Four Canadian registries (FASTRAK II, Canadian
Acute Coronary Syndromes, Enhanced Feedback for Effective Cardiac
Treatment and Improving Cardiovascular Outcomes in Nova Scotia)
were used to identify patients with AMI in Canada and to measure
in-hospital reperfusion and medication use. Use rates were compared by
age, sex, time period and geographical area, according to available data.
RESULTS: Use rates for reperfusion in STEMI patients ranged from
60% to 70%, primarily representing fibrinolytic therapy. A delay in
presentation to hospital after symptom onset represented an impediment to timely therapy, which was particularly pronounced for
women and elderly patients. Overall, less than 50% of patients met
the door-to-needle target of less than 30 min. Medication use rates at
discharge increased from 1999/2000 to 2000/2001 across the different
data sources: acetylsalicylic acid, 83% to 88%; beta-blockers, 74% to
89%; ACEIs, 54% to 67%; statins, 41% to 53%; and calcium antagonists, 21% to 32%.
CONCLUSIONS: Canadian and provincial rates of use of evidencebased medications for the treatment of AMI have increased over
time, although there remains room for improvement. A single, comprehensive data source would supply better insights into the management of AMI in Canada.

Key Words: Drug therapy; Fibrinolytic; Myocardial infarction;
Practice pattern; Quality of care; Reperfusion

everal clinical trials have determined that certain medications reduce morbidity and mortality in acute myocardial
infarction (AMI) during the initial period of hospitalization,
with many of these medications also having a sustained longterm benefit. Practice guidelines (1-4) based on evidence from

S

Traitement de l’infarctus du myocarde en
phase aiguë au Canada entre 1999 et 2002
CONTEXTE : La prise en charge de l’infarctus aigu du myocarde (IAM)
varie selon les patients, les médecins prescripteurs et les régions géographiques.
BUT : Décrire le recours à la reperfusion dans les cas d’IAM avec susdécalage du segment ST pendant le séjour à l’hôpital ainsi qu’à l’acide
acétylsalicylique (AAS), aux bêta-bloquants, aux inhibiteurs de l’enzyme
de conversion de l’angiotensine (ECA) et aux statines au moment du
congé chez les patients traités pour un IAM avec ou sans sus-décalage du
segment ST au Canada entre 1999 et 2002.
MÉTHODE : Quatre registres canadiens (FASTRAK II, Canadian Acute
Coronary Syndromes, Enhanced Feedback for Effective Cardiac Treatment et
Improving Cardiovascular Outcomes in Nova Scotia) ont servi à repérer les
patients traités pour un IAM au Canada et à mesurer le recours à la
reperfusion et l’utilisation des médicaments pendant le séjour à l’hôpital.
Les taux d’utilisation ont été comparés selon l’âge, le sexe, le temps écoulé
et la région géographique, suivant la disponibilité des données.
RÉSULTATS : Les taux de recours à la reperfusion chez les patients
présentant un IAM avec sus-décalage du segment ST variaient entre 60 et
70 %; il s’agissait surtout du traitement fibrinolytique. Le temps écoulé
entre l’apparition des symptômes et la consultation à l’hôpital s’est révélé
un obstacle au traitement rapide, particulièrement chez les femmes et les
personnes âgées. En effet, l’intervalle de moins de 30 minutes entre le
transport à l’hôpital et l’administration de médicaments par injection a
été respecté dans moins de 50 % des cas, dans l’ensemble. Quant aux taux
d’utilisation des médicaments au moment du congé, ils ont augmenté
entre 1999-2000 et 2000-2001, d’après toutes les sources de données :
ainsi, l’AAS est passé de 83 à 88 %; les bêta-bloquants, de 74 à 89 %; les
inhibiteurs de l’ECA, de 54 à 67 %; les statines, de 41 à 53 % et les
inhibiteurs calciques, de 21 à 32 %.
CONCLUSIONS : Les taux d’utilisation des médicaments, fondés sur
des preuves, dans le traitement de l’IAM ont augmenté au fil du temps
dans l’ensemble du pays et dans les provinces, même s’il reste encore place
à l’amélioration. La constitution d’une seule base générale de données
permettrait de dresser un portrait plus précis de la situation au Canada.

clinical trials support the use of primary percutaneous coronary
intervention (PCI), fibrinolytics, acetylsalicylic acid (ASA),
angiotensin-converting enzyme inhibitors (ACEIs), betablockers and statins in eligible patients. There is no evidence
to support the early use of calcium antagonists in AMI.
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TABLE 1
Comparison of Canadian acute myocardial infarction (AMI) registry databases used for analysis
Characteristic

EFFECT (Ontario)

ICONS (Nova Scotia)

FASTRAK II

CACS

Sample size

11,510 patients during

4020 patients with discharge

9228 patients for period of study

4505 patients for 1999/2000

diagnosis of AMI during

(2000/2001 to 2001/2002).

1999/2000 to 2000/2001.

1999/2000 to 2000/2001.
Sampling method

All hospitals in Ontario that treated
30 or more AMI/CHF patients in

All patients discharged with AMI.
Retrospective cohort.

fiscal 1999/2001. Up to 125 patients

All cardiac patients admitted

First 10 consecutive patients

to CCU at participating

with suspected ACS per

centre. Prospective cohort.

month in the CCU/ICU.

per hospital. Retrospective cohort.
Source of data

to 2000/2001 for analysis
of current study.

Prospective cohort.

Ontario hospitals – chart abstraction

Chart abstraction of discharged

Participating hospitals in

by cardiology nurse abstractors.

patients from Nova Scotia

Canada. Nurse completes

medical record onto

hospitals by trained

data form at each hospital.

case report form by study

ICONS staff.

Abstraction of data from

coordinators of principal
investigators.

Number of sites

103

35

78

51

Geographical

All Ontario hospitals except

All Nova Scotia.

Across Canada.

All provinces except

representation

the very smallest.

Newfoundland. Majority of
patients from British
Columbia, Ontario and
Quebec.

AMI definition

Types of ACS

ICD-9 code 410 as most

All NSTEMI and STEMI

Chest pain >30 min believed

responsible diagnosis and

according to clinical diagnosis

to be secondary to AMI with

of site for final ACS

meet the ACC/ESC definition

by physician, defined by

ECG changes or enzyme

diagnosis.

of AMI.

ICD-9-CM codes 410.

changes diagnostic of AMI.

AMI (NSTEMI and STEMI)

AMI (NSTEMI and STEMI)

AMI (NSTEMI and STEMI);

included in registry

note: only STEMI patients

database

used for this study.

Population-based

ACS within 24 h. Discretion

Yes

Yes

No

NSTEMI, STEMI and
unstable angina
No

sampling frame
ACC American College of Cardiology; ACS Acute coronary syndromes; CACS Canadian Acute Coronary Syndromes; CCU Coronary care unit; CHF Congestive
heart failure; ECG Electrocardiogram; EFFECT Enhanced Feedback for Effective Cardiac Treatment; ESC European Society of Cardiology; ICD-9-CM International
Classification of Diseases, 9th revision, Clinical Modification; ICONS Improving Cardiovascular Outcomes in Nova Scotia; ICU Intensive care unit; NSTEMI Non-ST
elevation myocardial infarction; STEMI ST elevation myocardial infarction

Previously published reports (5-9) from Canada, the
United States and other countries indicate that use rates of
these evidence-based medications remain low. In addition,
studies (10-14) have found variations in the patterns of medication use based on patient, prescriber, hospital and regional
characteristics. Most consistently, age- and sex-related differences in prescribing have been reported (6-14). The optimal
use of evidence-based medications in hospital have important
implications for the outcomes of patients with AMI (15-17).
One study (18) that compared the outcomes of “ideal” AMI
patients admitted to America’s “best” hospitals versus other
hospitals found that mortality differences were primarily due to
the higher use of simple interventions, ASA and beta-blockers
in the “best” hospitals, rather than to the use of more complex
interventions, such as cardiac catheterization. The prompt
administration of fibrinolytics is associated with decreased
mortality (19,20). Although standards for time to treatment
with fibrinolytics have been established and published, time
intervals have been reported to be longer than the established
goals (21). To encourage the use of evidence-based therapies
for AMI, patterns of use must be analyzed and reports published over time to provide practitioners with feedback (15).
Therefore, we sought to describe current in-hospital treatment
of patients with AMI across Canada.
88

METHODS
Data sources
The Canadian Acute Coronary Syndromes (CACS),
Improving Cardiovascular Outcomes in Nova Scotia (ICONS),
Enhanced Feedback for Effective Cardiac Treatment (EFFECT)
and FASTRAK II databases were used as the data sources for the
analyses (Tables 1 and 2). The CACS and FASTRAK II databases
are voluntary, prospectively collected registries from coronary care
units (CCUs)/cardiac wards across Canada. FASTRAK II collects
quantitative data on the demographics, treatments and outcomes
of all patients with acute coronary syndrome (ACS) admitted to
CCUs at participating hospitals. To focus analyses on the use of
myocardial reperfusion strategies, only those 9228 patients who had
an ST elevation MI (STEMI) were included from the FASTRAK II
registry from April 1, 2000, to March 31, 2002.
The CACS registry has data pertaining to patients with ACS
from 51 hospital sites across Canada, excluding Newfoundland.
Most sites were located in British Columbia, Ontario and Quebec,
and these sites were asked to provide data relating to the first
10 consecutive patients admitted with suspected ACS each month,
including all types of AMI. From 1999/2000 to 2000/2001, there
were 1173 patients with STEMI available for analysis of reperfusion strategies. There were 4505 AMI patients available for analysis of treatment at hospital discharge.
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TABLE 2
Comparison of patient characteristics in Canadian acute myocardial infarction registry databases
Characteristic (%)

EFFECT (Ontario)

ICONS (Nova Scotia)

FASTRAK II

CACS

Age (mean years)

68

68

65

65

Sex (% male)

64

62

69

68

History of myocardial infarction

23

24

31

33

3

4

5

14

History of percutaneous coronary intervention
History of coronary artery bypass surgery

7

6

4

12

Hypertension

45

53

N/A

49

Dyslipidemia

30

35

N/A

43

Smoking

32

34

N/A

28

Diabetes

26

27

17

24

CACS Canadian Acute Coronary Syndromes; EFFECT Enhanced Feedback for Effective Cardiac Treatment; ICONS Improving Cardiovascular Outcomes in
Nova Scotia; N/A Not available

The EFFECT study database includes retrospectively collected
hospital-level data from charts of patients with AMI from acute
care hospitals in Ontario from 1999/2000 to 2000/2001. All hospitals in Ontario that treated 30 or more AMI cases were invited
to participate, and 103 of the 104 hospitals agreed. Hospitals were
representative of the province in terms of type, size and geography.
For each participating hospital, a target of up to 125 AMI charts
were abstracted from each hospital, including a comprehensive set
of clinical risk factors and quality indicators. AMI charts were
identified using the International Classification of Diseases, 9th revision code 410 (22). If the hospital identified more than 125 charts
with AMI during the study period, a random sample of 125 charts
was abstracted. If the hospital identified 125 or fewer charts, all
charts were abstracted. There were 5506 patients with STEMI
available for analysis of reperfusion strategies and 11,510 total
AMI patients available for analysis of treatment at discharge.
ICONS was a five-year disease management study (1997 to
2002) undertaken to measure and improve the quality of care provided to Nova Scotians with cardiovascular disease. All Nova
Scotia residents hospitalized with a clinical diagnosis of AMI
(equivalent to the International Classification of Diseases, 9th revision, Clinical Modification [22] code 410) were included in the
study, and trained ICONS staff retrospectively abstracted detailed
demographic, clinical, treatment and outcome data (23). There
were 1557 patients with STEMI available for analysis of reperfusion strategies and 3437 total AMI patients available for analysis
of treatment at discharge.
Each database had its own method of defining and confirming
the diagnosis of AMI according to the data provided on the case
report forms (Table 1). All patients from each source who had a
confirmed diagnosis of STEMI according to the registry were analyzed for reperfusion strategies, and all AMI patients (STEMI or
non-STEMI) were analyzed for use of treatments at discharge. All
databases had data available on age and sex to assess use according
to these characteristics.

Statistical analysis
The data were summarized using simple descriptive statistics, such
as means and proportions. All four data sources were used to provide analysis of the use of reperfusion therapy at admission to hospital. The proportion of patients receiving reperfusion therapy
(primary PCI, fibrinolytics) was calculated, as were symptom
onset-to-arrival, door-to-balloon and door-to-needle times, where
available. The type of fibrinolytic used was also calculated. Sexand age-related analyses were conducted. For the CACS, ICONS

and EFFECT registries, the proportion of patients receiving ASA,
beta-blockers, ACEIs, statins and calcium antagonists at hospital
discharge was summarized. The proportion of patients receiving a
beta-blocker within 12 h of presentation was also available from
the EFFECT database.

RESULTS
Overall, age- and sex-specific use rates of reperfusion therapies
for STEMI, including both fibrinolysis and primary angioplasty,
are given in Table 3 for all data sources. Reperfusion rates were
approximately 5% to 10% higher in both prospectively collected registries (CACS and FASTRAK II) than in the retrospectively collected registries (EFFECT and ICONS). Rates of
reperfusion therapy were higher in men than in women, and
decreased with increasing age in both men and women, especially in those patients 75 years of age and older. Overall rates
were 12% to 14% higher for men than women in the retrospective registries and 7% to 8% higher in the prospective
registries.
Over 80% of patients presented within 12 h of symptom
onset in all data sources. However, women were more likely
than men to delay presenting to hospital after the start of their
symptoms, especially those older than 75 years of age
(Table 4). On arrival to hospital, men were more likely to
receive prompt treatment with fibrinolytics, with a median
door-to-needle time of 5 min to 9 min less than for women
(Table 5). Only 35% to 44% of patients had a door-to-needle
time of less than 30 min, the current standard of practice (1).
Notably, the two retrospective registries that are more inclusive and generalizable had fewer patients meeting this goal.
The most common fibrinolytic agent used was alteplase
(62% in CACS, and 63% in EFFECT and ICONS), followed
by streptokinase (15% in CACS, 28% in EFFECT and 33% in
ICONS) and reteplase (3% in ICONS, 8% in EFFECT and
17% in CACS). Other fibrinolytic agents were used less frequently (1% in EFFECT, 2% in ICONS and 6% in CACS).
Because tenecteplase was not marketed in Canada until
October 2001, it was not available for use during the study
period. (Data were unavailable for fibrinolytic use from
FASTRAK II.)
In the FASTRAK II registry, the most common reason not to
use a fibrinolytic agent was late patient presentation to hospital
after symptom onset (28% of patients). Concern about intracranial bleeding was greater for women than for men (9.4% versus
5.4%) and was a particular concern with increasing patient age
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TABLE 3
Overall and age- and sex-specific reperfusion therapy rates for ST elevation acute myocardial infarction
Men (age [years])
Type of reperfusion

Overall rate (%)

20–64

65–74

Women (age [years])

75+

Total

20–64

65–74

75+

Total

EFFECT (n=5506)
Any reperfusion therapy
Fibrinolysis
Primary angioplasty

60

72

61

44

64

67

57

39

51

58

70

60

43

62

66

56

38

50

1

1

1

1

2

2

1

0

1

ICONS (n=1557)
Any reperfusion therapy
Fibrinolysis
Primary angioplasty

63

73

65

53

67

76

57

37

53

62

73

65

53

67

72

56

37

53

3

3

4

2

3

4

2

4

4

FASTRAK II (n=9228)
Any reperfusion therapy
Fibrinolysis
Primary angioplasty

70

78

71

57

72

70

71

55

64

64

71

64

52

66

65

66

51

59

6

7

7

6

7

6

5

4

5

CACS (n=1173)
Any reperfusion therapy
Fibrinolysis
Primary angioplasty

67

71

69

59

69

76

56

50

62

66

70

68

57

68

74

55

50

61

1

1

0

2

1

2

2

0

1

Data from the FASTRAK II, Improving Cardiovascular Outcomes in Nova Scotia (ICONS), Enhanced Feedback for Effective Cardiac Treatment (EFFECT) and
Canadian Acute Coronary Syndromes (CACS) registries

TABLE 4
Overall and age- and sex-specific symptom onset to arrival times for ST elevation acute myocardial infarction
Men (age [years])
Symptom onset by database

Women (age [years])

Overall rate (%)

20–64

65–74

75+

Total

20–64

65–74

75+

Total

0–6

75

78

77

74

77

75

72

70

72

6–12

10

9

9

11

10

10

11

10

11

>12

15

13

14

15

13

15

15

20

17

Missing

15

8

15

23

13

11

16

26

19

0–2

48

54

53

36

51

50

39

37

43

2–4

20

19

19

27

21

19

21

19

19

4–6

6

7

6

5

7

5

0

10

6

6–12

7

4

10

11

7

7

13

6

8

>12

18

15

12

21

15

19

27

27

24

Missing

13

6

9

19

9

9

23

25

19

0–2

51

56

53

49

54

49

48

40

45

2–4

17

16

16

18

16

17

19

20

19

4–6

7

7

8

7

7

6

9

9

8

6–12

8

8

8

8

8

9

9

9

9

>12

16

13

15

18

15

18

15

23

19

Missing

12

10

12

15

11

12

10

17

14

0–12

86

88

85

88

87

88

86

75

83

>12

14

12

15

12

13

12

14

25

17

2

2

5

2

2

3

1

3

2

EFFECT (n=5506)
Symptom onset to arrival (h)

ICONS (n=1557)
Symptom onset to arrival (h)

FASTRAK II (n=9228)
Symptom onset to arrival (h)

CACS (n=1173)
Symptom onset to arrival (h)

Missing

Note: The symptom onset-to-arrival time hourly breakdown varied across the four registries. Data from the FASTRAK II, Improving Cardiovascular Outcomes in
Nova Scotia (ICONS), Enhanced Feedback for Effective Cardiac Treatment (EFFECT) and Canadian Acute Coronary Syndromes (CACS) registries
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(2.4% in women aged 20 to 49 years and up to 10.5% in
women 75 years of age and older).
Only 1% to 6% of patients presenting with AMI received
reperfusion therapy with primary PCI. The highest rates were
in the FASTRAK II registry, which encompasses a period
one year later than the other data sources. Door-to-balloon
time was only reliably available from the FASTRAK II registry.
Overall, the door-to-balloon time was greater than 120 min in
25% of cases, and was over 90 min in 50% of cases. Slightly
more men than women had door-to-balloon times of less than
the median of 90 min. As with fibrinolysis, the door-to-balloon
times were substantially longer among patients older than
75 years of age, regardless of sex.
An analysis of discharge therapy was conducted in
4505 patients with AMI from the CACS registry,
11,510 patients from the EFFECT registry in Ontario and
3437 patients from the ICONS registry in Nova Scotia. Use
rates of various drugs from 1999/2000 to 2000/2001, as reflected
in these registries, are displayed in Table 6. Use of the medications was higher among ICONS patients in both periods than
among the CACS and EFFECT populations. The ICONS registry documented an increased use of ASA, beta-blockers,
ACEIs and statins at discharge, and a decrease in use of calcium
antagonists at discharge over time. In the EFFECT study population, there was no change in ASA use at discharge. Betablocker use within 12 h of admission and at discharge
increased, as did ACEI and statin use at discharge. Use of calcium antagonists at discharge increased by 6%. In the CACS
registry population, there was a consistent increase in the use of
ASA, beta-blockers, ACEIs and statins at discharge, with less
calcium antagonist use at discharge.

TABLE 5
Overall and sex-specific door-to-needle and door-toballoon times for ST elevation acute myocardial infarction
Overall rate (%)

Men (%)

Women (%)

<30

36

39

27

30–40

14

14

14

40–60

19

18

20

>60

25

23

31

EFFECT
Door-to-needle time (fibrinolysis)
(min) (n=3217)

Missing

6

6

8

39

36

45

N/A

N/A

N/A

<30

35

38

28

30–40

16

15

17

40–60

22

21

25

>60

27

26

30

Median time (min) (n=3017)
(limit to times of <4 h)
Median door-to-balloon time for
primary angioplasty (min)
ICONS
Door-to-needle time (fibrinolysis)
(min) (n=982)

Missing

1

0

1

39

35

43

N/A

N/A

N/A

<30

44

46

38

30–40

16

16

17

40–60

19

18

20

>60

21

20

25

Median time (min)
Median door-to-balloon time for
primary angioplasty (min)
FASTRAK II
Door-to-needle time (fibrinolysis)
(min) (n=5872)

DISCUSSION
In the present study, we report the findings of in-hospital
treatment of AMI across Canada using four different registries,
representing heterogeneous data sources. While we fully appreciate the problems associated with converging disparate data,
this work represents the first national overview of acute treatment of AMI and the best data currently available. We support
the need for an improved, single data source to supply insights
into the acute management of MI in Canada.
The results of the present study suggest that the use of
evidence-based therapies is improving but remains lower than
optimal (1,2). Furthermore, age- and sex-related differences in
prescribing persist and are consistent with previous reports
(5-14,24,25). Reperfusion rates in our study ranged from 60%
to 70%, notably lower in the retrospective, more generalizable
data sources (EFFECT and ICONS registries). The differences
in these rates may reflect the different characteristics, such as
age and sex, of the data source populations we used for analysis, with the average age in the retrospective data sources being
three years more than in the prospective data sources
(Table 1). In a multinational study of 9251 patients (26), the
GRACE Registry Investigators found that 30% of STEMI
patients did not receive reperfusion, which is similar to our
rate. Our analysis found that women were less likely to
receive reperfusion with fibrinolytics than men, which is
consistent with previous reports (10,12,13,24-28). This difference was especially pronounced in the two retrospective
data sources (EFFECT and ICONS registries), where the difference was as high as 14%. Women, especially older women,
were more likely to delay presenting to hospital than were

5

4

5

Median time (min)

Missing

34

33

38

Median door-to-balloon time for

90

90

92

primary angioplasty (min) (n=554)
Data from the FASTRAK II, Improving Cardiovascular Outcomes in Nova Scotia
(ICONS) and Enhanced Feedback for Effective Cardiac Treatment (EFFECT)
registries. Data for door-to-needle and door-to-balloon times not available (N/A)
for Canadian Acute Coronary Syndromes (CACS). Data for door-to-balloon
times not available for ICONS. Door-to-balloon time not included for EFFECT
due to small numbers potentially leading to inaccurate time estimates

men, which may account for some of this difference. The
effect due to sex could not be completely explained by age as
a confounding variable because rates of reperfusion therapy
for women were lower than men in most age groups.
Increasing age was inversely proportional to use of reperfusion strategies for men.
Less than one-half of the patients met the target door-toneedle time for fibrinolytic reperfusion therapy of less than
30 min, with fewer patients in the retrospective data sources
meeting this goal (1). The reasons documented for initially
not using fibrinolysis were primarily related to late patient
arrival, but also encompassed issues with electrocardiogram
diagnosis and risks of intracranial or other bleeding. Concern
about intracranial or other bleeding did relate mostly to elderly patients and may have contributed to the delay when
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TABLE 6
Comparison of overall in-hospital medication use rates per 100 acute myocardial infarction patients, 1999/2000 to 2000/2001
EFFECT (Ontario)

ICONS (Nova Scotia)

CACS

1999/2000
(n=5788)

2000/2001
(n=5722)

1999/2000
(n=1685)

2000/2001
(n=1752)

1999/2000
(n=1132)

2000/2001
(n=3373)

Beta-blocker use within 12 h of admission

25

27

N/A

N/A

N/A

N/A

Acetylsalicylic acid use at discharge

83

83

85

88

83

85

Beta-blocker use at discharge

74

76

86

89

69

74

ACE inhibitor use at discharge

54

65

56

67

50

54

Statin use at discharge*

33

41

48

53

48

52

Calcium antagonist use at discharge

26

32

24

21

29

29

Type of medical use (%)

*Any lipid-lowering agent for Canadian Acute Coronary Syndromes (CACS) registry. ACE Angiotensin-converting enzyme; N/A Data not available. Data from the
Enhanced Feedback for Effective Cardiac Treatment (EFFECT), Improving Cardiovascular Outcomes in Nova Scotia (ICONS) and CACS registries

reperfusion therapy was given (1). Women had longer door-toneedle times than men, ranging from 5 min to 9 min longer.
Because each minute counts toward a positive outcome for
reperfusion strategies, timely reperfusion remains an important goal for improvement in current practice (29-33).
Comparing our findings with a recently published analysis of
the FASTRAK II data from 1998 to 2000, we found that the
median door-to-needle time was 4 min to 9 min shorter in the
present study, representing a possible improvement in time to
treatment over the years (21).
The preferred mode of reperfusion therapy for AMI is primary PCI because if performed in a timely manner, it has superior outcomes to fibrinolysis (1,3). While this is an evolving
strategy that involves substantial systems change, a rate of less
than 10% suggests an underuse of an effective therapy. Target
goals for the proportion of patients with AMI to receive primary PCI versus fibrinolytic therapy have not been developed;
however, target goals for door-to-balloon times have been set.
The door-to-balloon time for primary angioplasty was only
available from the FASTRAK II registry, where the median
time was 90 min. Because the target goal for door-to-balloon
time was less than 90 min, only one-half of the patients met
this goal. Because timing of primary PCI is critical to
improved outcomes, there is room for improvement in the
door-to-balloon times for this mode of therapy (34).
There was a general improvement in the use of evidencebased medications in all three populations that were assessed
for medication use at the time of hospital discharge. This was
particularly noteworthy in the ICONS population, although
the purpose of the ICONS study was to optimize medical care
at hospital discharge (23). ICONS has been operating since
1997, providing feedback to sites actively, while a similar intervention in Ontario is only currently being launched with the
EFFECT study. This may account for the higher use rates in
the ICONS registry than in the EFFECT registry. Despite the
improvements over time, the use of ASA in all data sources
may still be considered somewhat low. Because we examined
all patients, rather than only ‘ideal’ patients, some patients not
receiving ASA in our study may truly not have been suitable
candidates for therapy. Of note, beta-blocker use at discharge
in our study including all patients was much better than that
seen in the study of America’s best hospitals, which had a rate
of 63.8% in ‘ideal’ patients (18). The ICONS and EFFECT
province-wide initiatives included a variety of hospital types
and sizes, and would not necessarily be expected to match
those rates at America’s ‘best’ hospitals.
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While the rates of ACEI use at discharge were similar to
those seen in a Quebec study from 1997 (35), they were much
lower in both of our study periods than in those observed in the
more recent Guidelines Applied in Practice (GAP) Initiative,
which had rates of approximately 80% (15,35). The GAP
Initiative was a specific initiative in highly motivated hospitals
in a small, local network assessing only ‘ideal’ patients, and
their rates would be expected to be higher than the broadbased populations that we studied. While it is possible that
more of our patients had contraindications to ACEIs than
patients in the GAP study, a rate of 50% to 60% seen in our
analysis likely represents an opportunity for improvement.
While statins were prescribed for approximately one-half of
the patients in the ICONS and CACS registries at discharge,
the rates of use were approximately 10% lower in Ontario and
have not improved when compared with data from a recent
analysis (36). The lowest rates of use of statins were in very
elderly patients (75 years of age and older) and may reflect
that, until recently, there was a paucity of efficacy data relating
to this age group, as well as a possible age bias (36).
While the rate of calcium antagonist use declined or stayed
stable in the ICONS and CACS populations, it increased by
6% in the EFFECT population. Given that calcium antagonists are accepted therapies for hypertension in elderly
patients, it is possible that calcium antagonist therapy in the
AMI setting is simply being continued for elderly patients with
concomitant hypertension. Because the demographics of the
EFFECT population were similar in the two study periods, this
increased use of calcium antagonists in Ontario warrants further investigation.
Although the present study design did not allow us to determine the underuse of evidence-based medication use relative
to contraindications nor the reasons for the differences in use
according to age, sex and region, it did allow us to document
these disparities. To our knowledge, this is the first comprehensive report that compared regional patterns of treatment of
patients with AMI across Canada from four different data
sources. Geographical variation has been previously reported
in other countries, most notably through the Cooperative
Cardiovascular Project in the United States (11). There are
several possible reasons for differences in regional drug use,
including communication strategies relating to medication use,
divergent means for the dissemination of evidence to support
new therapies, as well as dissimilar government policies with
respect to medication reimbursement. Provincial differences in
quality initiatives during this period may also contribute to

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

Acute treatment of myocardial infarction

some of the regional differences seen. For example, the ICONS
project in Nova Scotia, launched in 1997, has been positively
impacting the use of evidence-based discharge medications
over time (37). The EFFECT study was just started recently and
practitioners in Ontario have not had a chance to respond to
its findings as yet.
The differences in the registries we used may also impact the
differences seen in the rates of medication use. FASTRAK II
and CACS are prospective registries based on the participation
of selective centres with patients identified through the CCU,
while the EFFECT and ICONS registries are based on patients
identified retrospectively, intended to represent a populationbased picture and include patients admitted to the non-CCU
setting. The difference in the populations in the registries may
explain the finding of the same average patient age in the
ICONS and EFFECT registries, while those in the FASTRAK II
and CACS registries were similarly three years younger than
the population-based registries. These age differences may
impact the type of medical care received by patients.
A limitation of the present study was that four different registries from slightly different time frames were used as data
sources for the analysis. Due to the voluntary nature of some of
the registries, the rates of medication use may have been higher
than in other practices due to volunteer bias. However,
depending on how carefully and completely the data were collected, the reported rates of medication use may have been
lower than reality. This must be taken into account when comparing rates of use. In addition, each registry had its own definition of AMI. We simply allowed the use of each registry’s
AMI definition to assist us with defining the appropriate
patients, rather than attempting to determine consistent definitions between the sources. As far as the two prospective registries were concerned, most of the information was based on
self-report from hospitals.
Our analyses were significantly limited by the lack of
adjustment for confounding factors, severity of illness and contraindications. Confounders, such as age, sex and comorbidities, may influence the rates of use of therapy, and these were
not accounted for in our study. We also did not look at ‘ideal’
patients because all the data sources did not consistently have
data available on contraindications. What our analyses did was
report overall rates of therapy use, which represent a broadbased look at entire populations of patients with AMI. Studies
can never adequately assess matters of judgment of choice of
therapy nor entirely ascertain that potential contraindications
were recorded in medical records. Therefore, the concept of
the ‘ideal’ patient will always be hindered by these limitations.
While acknowledging the above noted limitations, our broadbased study represents the best available overview of the treatment of AMI within Canada.

While we sought out the best data sources available in
Canada at the present time for assessment of medication therapy in the AMI setting, there are several limitations as noted
above. The development of a national disease surveillance system for AMI would allow for more comprehensive and consistent assessment of the quality of AMI care across Canada.
Furthermore, the development of a quality improvement system, such as that available in the Cardiovascular Cooperative
Project or the GAP Initiative in the United States, would be a
significant advance in the assessment and improvement of quality of AMI care in Canada for participating organizations.
Standardized definitions, data collection and regional representation are several potential advantages of such systems (17,38).

CONCLUSIONS
Although Canadian and provincial rates of use of evidencebased medications for the treatment of AMI have been
increasing over time, there remains room for improvement,
particularly for time to treatment for reperfusion and use of
newer therapies, such as primary PCI, ACEIs and statins. The
development of a comprehensive disease surveillance program
and a quality improvement initiative has the potential to
advance the assessment and improve the quality of AMI care
in Canada.
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BACKGROUND: Publication of population-based analyses of medication use after acute myocardial infarction (AMI) could encourage the use
of effective secondary prevention medications.
OBJECTIVE: To describe outpatient use of beta-blockers, angiotensinconverting enzyme (ACE) inhibitors, statins, calcium channel blockers and
nitrates in elderly survivors of AMI over the fiscal years from 1997/98 to
1999/2000 in Nova Scotia, Quebec, Ontario and British Columbia.
METHODS: Linked administrative databases were used to identify all AMI
patients 65 years of age or older admitted in Quebec (n=14,880), Ontario
(n=28,647) and British Columbia (n=7549) over the study period, and to
measure 90-day postdischarge utilization rates of cardiac medications for these
patients. A population-based clinical registry was used to measure rates of prescription at discharge for elderly patients in Nova Scotia admitted to an acute
care hospital from 1997 to 2000 (n=1997).
RESULTS: Utilization rates for beta-blockers, ACE inhibitors and
statins increased over time, while rates for calcium channel blockers and
nitrates decreased only slightly. The largest increases were for statins
(Nova Scotia: 26% to 42%, Quebec: 27% to 43%; Ontario: 28% to 40%;
British Columbia: 30% to 42%) and for ACE inhibitors in Ontario
(55% to 65%) and Nova Scotia (46% to 68%). Of the three drugs recommended for secondary prevention, overall utilization rates for betablockers were highest in Nova Scotia, lowest in British Columbia, and
similar in Quebec and Ontario. Rates for ACE inhibitors were highest in
Ontario and similar in Quebec, Nova Scotia and British Columbia. Rates
for statins were slightly higher in Quebec and British Columbia than in
Ontario and Nova Scotia. The proportion of patients without a prescription for any of the recommended drugs was highest in British Columbia
(20%), lowest in Nova Scotia (8%), and similar in Quebec and Ontario
(Ontario: 12%; Quebec: 13%). There was marked regional variation in
utilization rates within the four provinces.
CONCLUSIONS: Although utilization rates for recommended cardiac
medications are increasing over time, there remains room for improvement.
Overall utilization rates and temporal trends are generally similar in all four
provinces, but there are wide regional variations within provinces.

Key Words: Administrative databases; British Columbia; Canada;
Medication; Myocardial infarction; Nova Scotia; Ontario; Quebec;
Registry; Secondary prevention

La prévention secondaire après un infarctus aigu du myocarde
dans quatre provinces canadiennes entre 1997 et 2000
HISTORIQUE : La publication d’analyses démographiques sur l’utilisation de médicaments après un infarctus aigu du myocarde (IAM) pourrait
favoriser l’utilisation de médicaments de prévention secondaires efficaces.
OBJECTIF : Décrire l’usage de bétabloquants, d’inhibiteurs de l’enzyme
de conversion de l’angiotensine (ECA), de statines, d’inhibiteurs calciques et de nitrates en clinique externe chez les personnes âgées ayant
survécu à un IAM au cours des exercices financiers 1997-1998 à 19992000 en Nouvelle-Écosse, au Québec, en Ontario et en ColombieBritannique.
MÉTHODOLOGIE : Des bases de données administratives reliées ont
été utilisées pour repérer tous les patients de 65 ans ou plus ayant subi un
IAM et hospitalisés au Québec (n=14 880), en Ontario (n=28 647) et en
Colombie-Britannique (n=7 549) pendant la période de l’étude et pour
mesurer leurs taux d’utilisation de médicaments cardiaques 90 jours après
leur congé hospitalier. Un registre clinique démographique a été utilisé
pour mesurer les taux de prescription au congé chez les personnes âgées de
Nouvelle-Écosse hospitalisées entre 1997 et 2000 (n=1 997).
RÉSULTATS : Les taux d’utilisation de bétabloquants, d’inhibiteurs
de l’ECA et de statines augmentaient au fil du temps, tandis que ceux
d’inhibiteurs calciques et de nitrates ne diminuaient que légèrement. Les
augmentations les plus importantes s’observaient avec les statines
(Nouvelle-Écosse : 26% à 42 %, Québec : 27 % à 43 %, Ontario : 28 % à
40 %, Colombie-Britannique : 30 % à 42 %) et les inhibiteurs de l’ECA
en Ontario (55 % à 65 %) et en Nouvelle-Écosse (46 % à 68 %). En ce
qui a trait aux trois médicaments recommandés pour la prévention secondaire, les taux d’utilisation globaux de bétabloquants étaient les plus
élevés en Nouvelle-Écosse, les plus faibles en Colombie-Britannique et
demeuraient similaires au Québec et en Ontario. Les taux d’inhibiteurs de
l’ECA étaient les plus élevés en Ontario et demeuraient similaires au
Québec, en Nouvelle-Écosse et en Colombie-Britannique. Les taux de
statines n’étaient que légèrement plus élevés au Québec et en ColombieBritannique par rapport à l’Ontario et à la Nouvelle-Écosse. La proportion
de patients ne disposant d’aucune ordonnance pour l’un des médicaments
recommandés était la plus élevée en Colombie-Britannique (20 %), la
plus faible en Nouvelle-Écosse (8 %) et demeurait similaire au Québec et
en Ontario (Ontario : 12 % et Québec : 13 %). Les taux d’utilisation au
sein des quatre provinces s’associaient à des variations régionales marquées.
CONCLUSIONS : Bien que les taux d’utilisation de médicaments cardiaques recommandés augmentent au fil du temps, il y a place à l’amélioration. Les taux d’utilisation globaux et les tendances temporales sont
similaires dans les quatre provinces, mais on remarque une importante
variation régionale au sein de chaque province.
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ue to recent advances in the treatment of acute myocardial
infarction (AMI), approximately 85% to 90% of AMI
patients survive their initial hospitalization (1). Nevertheless,
these survivors are at high risk for cardiac death or a second
infarction. Several clinical trials have investigated whether certain medications are efficacious for secondary prevention after
AMI. Current practice guidelines based on the evidence from
these trials recommend that all patients without contraindications be treated with acetylsalicylic acid, beta-blockers and
angiotensin-converting enzyme (ACE) inhibitors (2-4). Recent
trials have also shown that the cholesterol-lowering statin drugs
are beneficial for secondary prevention (5-10). In contrast, there
is no evidence to support the routine use of calcium channel
blockers post-AMI, and nitrates are recommended only for
patients with specific indications. In light of this evidence, a
Canadian Cardiovascular Outcomes Research Team
(CCORT)/Canadian Cardiovascular Society consensus panel of
physicians and researchers from across Canada recently established a set of minimum ‘benchmark’ rates of use for the recommended medications in patients without contraindications (11).
These target rates are 90% for acetylsalicylic acid, 85% for betablockers, 85% for ACE inhibitors and 70% for statins.
Observational studies suggest that many eligible patients
are not using the recommended medications despite their
proven efficacy. In addition, studies suggest that there are wide
regional and interhospital variations in the use of these medications. For example, in 1999, the first Canadian provincewide population-based analyses of the use of cardiac
medications in elderly survivors of AMI were published in the
Cardiovascular Health and Services in Ontario: An ICES Atlas
(12). In these analyses it was found that as late as 1996, overall rates of use of beta-blockers and ACE inhibitors were only
approximately 50%, while rates of use of statins were only
20%. These rates varied by as much as 15 percentage points
across the provincial health regions. Similar rates and regional
variations have also been observed in Quebec (13,14).
Whether such underuse and variation has persisted over recent
years in Ontario and Quebec, or exists in other Canadian
provinces, has not been explored at the population level.
To encourage the optimal use of effective therapies for secondary prevention after AMI, it is important that utilization
rates for cardiac medications be published as the data become
available. Such publication provides physicians with knowledge of their relative performance over time, as well as the
opportunity to target quality improvement efforts towards those
areas of care shown to have suboptimal performance. Given the
potential implications of differences in provincial drug reimbursement policies on medication use, it is also important that
data from different provinces be published and compared. This
study describes, at the population level, the use of cardiac medications in elderly survivors of AMI over the fiscal years from
1997/98 to 1999/00 in Nova Scotia, Quebec, Ontario and
British Columbia. To date, these are the only Canadian
provinces that have provided researchers with access to
province-wide data on outpatient medication use after AMI.

D

METHODS
Data sources
The methods used to create the study cohorts were similar in
Quebec, Ontario and British Columbia, while different data
sources were used in Nova Scotia. In Quebec and Ontario, two
comparable cohorts of AMI patients were created using linked
96

administrative databases. Patients admitted in Quebec with a most
responsible discharge diagnosis of AMI (International
Classification of Diseases [ICD] – 9th revision code 410) between
April 1, 1997 and March 1, 2000 were identified in the
Maintenance et Exploitation des Données pour l’Étude de la
Clientèle Hospitalière database. Patients admitted with this diagnosis in Ontario during these years were identified in the
Canadian Institute for Health Information database. Using unique
encrypted health card numbers, the data for each cohort were
linked with the drug claims database in the respective province. In
Quebec, the drug claims database is called la Régie de l’assurance
maladie du Québec. In Ontario, it is called the Ontario Drug
Benefit Plan (ODB). These databases contain data on all outpatient prescriptions filled for all elderly (65 years of age or older)
individuals who are enrolled in the provincial drug plan, amounting to approximately 97% of elderly individuals in Quebec and
100% in Ontario. Thus, our analyses were restricted to the subset
of patients who were 65 years of age or older at the time of admission, and who survived their initial hospitalization for AMI
(Quebec: n=19,395; Ontario: n=38,743). As in previous studies
(15,16), a number of exclusion criteria were then applied sequentially to ensure the accuracy of the diagnosis of AMI and that the
cohort consisted of only patients with a first admission for AMI
(Quebec: excluded n=3333; Ontario: excluded n=9333).
Additional patients were excluded if they were discharged to longterm care facilities or rehabilitation centres (Quebec: excluded
n=642; Ontario: excluded n =763), or if they were not enrolled in
the provincial drug plan in Quebec (Quebec: excluded n=540)
because prescription claims data are not available for such
patients. Following these exclusions, there remained a cohort of
14,880 patients in Quebec and 28,647 patients in Ontario.
Information for AMI patients in British Columbia was
obtained from the British Columbia Patient Hospitalization
Database using a method similar to that of Quebec and Ontario.
This database contains discharge data for all acute care hospital
admissions in the province. Using the unique patient identifier,
patients from this cohort were linked to the Medical Services Plan
database to obtain information on subsequent physician visits.
Linkage with PharmaCare provided information on cardiac medication usage for patients aged 65 years or older.
The Improving Cardiovascular Outcomes in Nova Scotia
(ICONS) registry (17) was used to create a cohort of elderly AMI
patients admitted in Nova Scotia over the study period. All residents of Nova Scotia hospitalized with an AMI (ICD-9 code 410)
are candidates for inclusion in this registry. Daily patient lists, sorted
by admission ward, are obtained from the admitting or health
records departments at all provincial institutions that provide
adult medical care. These are scanned and charts are requested on
all patients who might possibly be study-eligible. Similarly, lists of
patients sorted by discharge diagnosis are obtained from health
records departments. All diagnosis types (ie, most responsible
diagnosis, primary diagnosis, secondary diagnoses and complications) are requested. Trained nurses and health records professionals
abstract up to 450 data items such as hemodynamic measurements,
results of investigations and blood work, and interventions including medications and dosages, from each patient. This information
is entered into laptops and then downloaded daily into a central
registry. This database has collected data from October 15, 1997,
to the present time. For the present study analyses, only patients
admitted between October 15, 1997, to March 31, 2000, were
considered. Following exclusions to ensure the accuracy of the
diagnosis of AMI and that the cohort consisted of only patients
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TABLE 1
Characteristics of patients aged 65 years and over admitted for acute myocardial infarction in Nova Scotia*, Quebec†,
Ontario‡ and British Columbia§, 1997/98-1999/00
Nova Scotia
Number of acute myocardial infarction patients
Median age in years (interquartile range)
Women (%)

Quebec

Ontario

British Columbia

1997

14,880

28,647

7549

75 (70–81)

75 (70–80)

75 (70–81)

75 (70–81)

45

43

44

40

Comorbidity¶ (%)
Acute renal failure

NA

5

2

1

Cardiac dysrhythmia

8

20

17

16

Cerebrovascular disease

16

8

5

3

Chronic renal failure

5

10

4

2

Congestive heart failure

30

27

27

23

Diabetes with complications

29

3

3

2

Cancer**

3

3

2

2

Pulmonary edema††

18

2

1

0.5

Shock‡‡

0.3

1

1

1

†Maintenance

Data Sources: *Improving Cardiovascular Outcomes in Nova Scotia (ICONS) registry;
et Exploitation des Donnees pour I’etude de la Clientele
Hospitaliere (Med-ECHO) database; ‡Canadian Institute for Health Information (CIHI) Discharge Abstract Database; §British Columbia Patient Hospitalization
¶
Database; Measured using chart review in Nova Scotia and using ICD-9 codes for secondary diagnoses in Quebec, Ontario and British Columbia. **Data in Nova
Scotia have only been collected since Jan 2000; ††In Nova Scotia, calculated as chest x-ray-interstitial edema; ‡‡In Nova Scotia, symptom of cardiogenic shock.
NA No available data

with a first admission for AMI (excluded n=293), there remained
a cohort of 1997 patients in Nova Scotia.

Statistical analysis
For patients admitted in Ontario, Quebec, and British Columbia,
rates of outpatient prescriptions filled for beta-blockers, ACE
inhibitors, statins, calcium channel blockers and nitrates within
90 days postdischarge were measured. A 90-day window was chosen to allow a reasonable amount of time for the initiation of secondary prevention therapy. However, for most patients, the first
prescription filled postdischarge is usually on the day of discharge
(18). Thus, 90-day utilization rates should have captured all discharge prescriptions. For patients admitted in Nova Scotia, rates
of discharge prescriptions written for each of the five medications
were determined. Thus, utilization rates were measured using prescriptions filled in Ontario, Quebec and British Columbia, and
using prescriptions written in Nova Scotia. Acetylsalicylic acid
utilization was not studied because it can also be purchased over
the counter, therefore rates calculated using insurance claims
databases would underestimate actual rates of use.
All analyses were conducted at provincial and health region
levels. These health regions are known as Public Health Units in
Ontario, régions sociosanitaires in Quebec, District Health
Authorities in Nova Scotia, and Health Service Delivery Areas in
British Columbia. We calculated the lowest and highest rates,
25th and 75th percentiles, and median rates of use across the
regions in the four provinces.

RESULTS
Patient characteristics
The characteristics of elderly patients admitted for AMI during
the fiscal years 1997/98 to 1999/00 were similar for three of the
four provinces (Table 1). The median age of patients in each
province was 75 years. In each province, approximately 40% of
patients admitted were women. The proportions of patients with
comorbidities were also similar for Ontario, Quebec and British
Columbia. One exception was that patients in Quebec were
more likely to have renal failure and cerebrovascular disease.

The proportions of patients with chronic renal failure and
congestive heart failure in Nova Scotia were similar to those of
the other provinces. However, it is likely that the proportions
of patients with other comorbidities differ due to differences in
data sources (ie, chart reviews versus administrative data) in
Nova Scotia.
Provincial-level utilization rates
The utilization rates for beta-blockers, ACE inhibitors, statins,
calcium channel blockers and nitrates are presented in Table 2.
In all of the four provinces, utilization rates for beta-blockers,
ACE inhibitors and statins increased over the fiscal years from
1997/98 to 1999/00. The largest increases were in utilization
rates for statins (Ontario: 28% to 40%; Quebec: 27% to 43%;
Nova Scotia: 22% to 36%; British Columbia: 30% to 42%).
Utilization rates for ACE inhibitors also increased markedly in
Ontario (55% to 65%), Nova Scotia (46% to 58%) and British
Columbia (49% to 58%), but this increase was not as marked
in Quebec (52% to 57%). In contrast, utilization rates for calcium channel blockers and nitrates remained more stable, with
only slight decreases in utilization rates in the four provinces.
The median time to the first prescription filled was zero
days for beta-blockers, ACE inhibitors and nitrates over the
entire study period in both Ontario and Quebec (data not
shown). However, the median time to the first prescription
filled decreased substantially over the fiscal years from 1997/98
to 1999/00 for statins (Ontario: 37 days to 15 days; Quebec:
19 days to one day). In addition, the median time to the first
prescription filled increased over these years for calcium channel blockers in Ontario (five days to 10 days), but not in
Quebec (constant at one day).
Of the drugs currently recommended for secondary prevention post-AMI, overall utilization rates for beta-blockers were
highest in Nova Scotia and lowest in British Columbia, while
rates for statins were highest in Quebec and British Columbia.
Ontario had the highest utilization rate of ACE inhibitors. Of
the two remaining drugs, utilization rates for calcium channel
blockers were slightly lower in British Columbia than in the
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TABLE 2
Overall and age/sex-specific 90-day post-discharge utilization rates for beta-blockers, ACE inhibitors, statins, calcium
channel blockers and nitrates per 100 acute myocardial infarction patients aged 65 years and older in Nova Scotia*,
Quebec†, Ontario‡ and British Columbia§
1997/98-1999/00
Women (age)
Men (age)
65-74
75-84
85+
65-74 75-84
85+

1997/98

Overall
1998/99 1999/00

Total

Nova Scotia
Acute myocardial infarction patients (n)

326

420

160

588

405

98

446

790

761

1997

Utilization rate (%)
Beta-blocker

81

79

81

84

75

74

76

79

83

80

ACE inhibitor

51

49

59

46

51

54

46

44

58

50

Statin

40

31

8

38

21

12

22

28

36

30

Calcium channel blocker

26

27

30

29

30

32

29

29

28

29

Nitrate

51

57

71

49

59

64

59

55

54

55

Nitrate (nonsublingual only)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

2589

2748

1064

4841

3039

599

4952

5138

4790

14,880

Quebec
Acute myocardial infarction patients (n)
Utilization rate (%)
Beta-blocker

66

63

52

68

56

46

58

61

68

62

ACE inhibitor

52

57

54

50

54

55

52

51

57

53

Statin

48

28

7

46

28

10

27

35

43

35

Calcium channel blocker

32

37

36

27

38

41

34

33

33

33

Nitrate

75

82

82

73

81

86

79

77

78

78

Nitrate (nonsublingual only)

41

57

67

38

57

69

52

48

48

49

4813

5509

2267

8661

5911

1486

9480

9500

9667

28,647

Ontario
Acute myocardial infarction patients (n)
Utilization rate (%)
Beta-blocker

68

61

49

71

58

48

58

61

68

63

ACE inhibitor

59

61

59

57

60

58

55

56

65

59

Statin

46

27

9

44

27

10

28

32

40

33

Calcium channel blocker

34

35

32

29

34

33

35

33

31

33

Nitrate

81

82

80

79

80

80

82

79

79

80

Nitrate (nonsublingual only)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

1104

1388

501

2349

1766

441

2508

2471

2570

7549

British Columbia
Acute myocardial infarction patients (n)
Utilization rate (%)
Beta-blocker

64

56

42

64

48

40

51

55

61

56

ACE inhibitor

55

57

51

53

48

52

49

50

58

53

Statin

51

27

7

48

26

10

30

30

42

35

Calcium channel blocker

27

28

26

21

21

24

24

24

24

24

Nitrate

73

75

69

67

61

68

68

69

67

68

Nitrate (nonsublingual only)

43

55

59

33

40

54

44

43

43

43

Data sources: *Improving Cardiovascular Outcomes in Nova Scotia (ICONS) registry; †Maintenance et Exploitation des Donnees pour l’etude de la Clientele
Hospitaliere (Med-ECHO) database and La Regie de I’assurance maladie du Quebec (RAMQ); ‡Canadian Institute for Health Information (CIHI) Discharge Abstract
Database and the Ontario Drug Benefits Database (ODB); §British Columbia Patient Hospitalization Database and British Columbia Pharmacare database.
ACE Angiotensin-converting enzyme; NA No available data

other three provinces, while rates for nitrates were lowest in
Nova Scotia.
In the four provinces, there were no marked differences in
utilization rates for women and men (Table 2). However, there
were age differences, with older patients generally having lower
utilization rates for beta-blockers and, in particular, statins. For
example, in each of the four provinces, only 19% to 25% of
men aged 75 years and older filled prescriptions (Ontario,
Quebec and British Columbia) or received prescriptions
(Nova Scotia) for statins, while for men aged 65 to 74 years
these percentages were between 38% and 48%.
98

The utilization rates for combinations of recommended cardiac medications are presented in Figure 1. Overall, the frequency of utilization of combinations of medications was
similar across the provinces, with the exception of British
Columbia having the highest proportion of patients not utilizing any of the medications. The proportion of patients not filling (Ontario and Quebec) or receiving (Nova Scotia) a
prescription for any of the recommended medications
decreased from 1997/98 to 1999/00, and the proportion of
patients only filling/receiving a prescription for one of the recommended medications also decreased over the years (data not
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TABLE 3
Summary statistics for ninety-day post-discharge utilization rates for beta-blockers, ACE inhibitors, statins, calcium channel
blockers and nitrates per 100 acute myocardial infarction patients aged 65 years and older, across regions in Nova Scotia*,
Quebec†, Ontario‡ and British Columbia§
Province

Beta-blocker

ACE inhibitor

Statin

Calcium channel blocker

Nitrate

Nitrate (nonsublingual only)

Lowest use region

74

35

17

12

23

NA

25th percentile

78

50

20

19

45

NA

Median

80

50

24

21

55

NA

Nova Scotia

75th percentile

83

52

29

35

64

NA

Highest use region

89

57

45

43

78

NA

Lowest use region

52

45

27

21

72

39

25th percentile

59

50

31

31

78

48

Median

63

52

35

33

78

49

75th percentile

65

55

41

38

79

53

Highest use region

71

64

51

47

82

59

Lowest use region

51

48

20

18

66

NA

25th percentile

59

54

24

30

76

NA

Median

61

57

31

33

79

NA

Quebec

Ontario

75th percentile

64

60

34

38

83

NA

Highest use region

73

71

45

44

86

NA

Lowest use region

43

46

23

15

56

25

25th percentile

51

48

30

18

63

39

Median

54

51

33

22

68

41

75th percentile

59

56

37

26

70

46

Highest use region

69

62

43

31

78

55

British Columbia

†Maintenance

Data sources: *Improving Cardiovascular Outcomes in Nova Scotia (ICONS) registry;
et Exploitation des Donnees pour l’etude de la Clientele
Hospitaliere (Med-ECHO) database and La Regie de L’assurance maladie du Quebec (RAMQ); ‡Canadian Institute for Health Information (CIHI) Discharge Abstract
§
Database and the Ontario Drug Benefits Database (ODB); British Columbia Patient Hospitalization Database and British Columbia Pharmacare database. ACE
Angiotensin-converting enzyme; NA No available data

shown). In contrast, there was an increase in the proportions
of patients filling or receiving prescriptions for a combination
of two or three of the three drugs in these four provinces, and
were highest in Nova Scotia.
Regional-level utilization rates
The descriptive statistics for utilization rates for the five cardiac medication classes across regions in Ontario, Quebec,
Nova Scotia, and British Columbia are presented in Table 3.
Regional level data for utilization rates of the six drug classes in
the four provinces studied can be found on the CCORT Web
site (www.ccort.ca/secondAMIprev.asp). For each medication
class, there was wide variation in utilization rates across regions
in the four provinces, ranging from about a 10 to 55 percentage
point difference between the minimum and maximum rates. In
general, utilization rates for lipid-lowering drugs and calcium
channel blockers varied the most across regions in each of the
four provinces.

DISCUSSION
In this study, administrative and registry databases were used to
describe patterns of use of cardiac medications after AMI across
Ontario, Quebec, Nova Scotia, and British Columbia. The
results of this study suggest that utilization rates for cardiac
medications recommended for secondary prevention after AMI

are increasing over time in Canada. However, there remains
room for improvement, because utilization rates for individual
medications remain well below the recommended target rates.
In addition, approximately 8% to 13% of elderly patients did
not fill a prescription for any of the recommended medications
within 90 days of discharge. This study also suggests that there
is only minimal variation in utilization rates across the four
provinces. However, there were some small differences across
the four provinces, with higher rates of use of ACE inhibitors in
Ontario, higher rates of use of statins in Quebec and British
Columbia, and higher rates of use of beta-blockers in Nova
Scotia. The proportion of patients not using any of the recommended medications was also lowest in Nova Scotia. Finally,
consistent with previous studies (12,14,19), we found marked
regional variation in the use of cardiac medications post-AMI
across administrative health regions in the four provinces.
Although this study design does not permit determination of the factors contributing to the minimal differences
in drug utilization rates across the four provinces, there are
a number of potential factors to be considered. For example,
each province has a different drug reimbursement policy. In
each province, patients are required to pay a different annual
deductible before being eligible for coverage (maximum
annual deductible in Ontario: $100 for seniors; Quebec:
$350; Nova Scotia: $215). In Ontario, patients also pay a
dispensing fee that ranges from $1.99 to $16.00 for each
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Figure 1) Utilization rates for combinations of recommended cardiac
medications in four provinces, 1997/98 to 1999/2000

prescription. In Quebec and Nova Scotia, patients are
required to pay a coinsurance fee for each prescription
(Quebec: 25% of the cost, with monthly ceilings ranging from
$16.66 to $62.49; Nova Scotia: 33% of the cost of each prescription, up to an annual maximum of $350). These coinsurance fees were first introduced in Quebec around the start of
the study period (January 1, 1997), but the reform does not
appear to have affected postdischarge prescription rates (18).
Also of note, the ODB program in Ontario publishes the ODB
Formulary/Comparative Drug Index, which serves as a prescribing and reimbursement guide for physicians and pharmacists. It lists those drugs that are covered under the ODB, and
identifies those drugs that are defined as interchangeable. This
publication has the potential to increase physician prescription
patterns since a survey of physicians soon after the delisting of
several drugs showed that many would substitute listed drugs
for nonlisted drugs, especially for those least able to afford
them (20).
Provincial differences in health policy related to quality
improvement initiatives may also have contributed to the
small differences in utilization rates between the three
provinces. As previously mentioned, Cardiovascular Health and
Services in Ontario: An ICES Atlas (12) was introduced in
Ontario in 1999, which could have further influenced physicians’ prescribing patterns. However, despite these initiatives,
only utilization rates for ACE inhibitors were higher in
Ontario than in the other provinces. In Nova Scotia, the
ICONS study was launched in October 1997. The aim of this
province-wide initiative is to optimize cardiovascular care
through a series of quality improvement initiatives, such as formal continuing education programs, audit and feedback
through the ICONS Web site, and regional customization of
guidelines (17). It is possible that this initiative positively
impacted utilization rates for beta-blockers in Nova Scotia.
Interpretative cautions
One limitation of this study is that different methods were used for
data collection in Nova Scotia than in Ontario, Quebec and
British Columbia. Thus, caution must be taken when comparing
utilization rates in Nova Scotia with those of Ontario, Quebec
and British Columbia. Nevertheless, each data collection method
permitted the observation of drug utilization rates at the population level.
100

It is important to note that we did not have access to
detailed data on patients’ contraindications for the medications studied in our administrative databases from Ontario,
Quebec and British Columbia. Although beta-blockers,
ACE inhibitors and statins are recommended for most postAMI patients, we were not able to exclude ineligible
patients from our analyses. Therefore, we would not expect
utilization rates for these medications to reach 100%. The
‘benchmark’ utilization rates provided earlier in this paper
take into account any valid reasons for not receiving a particular medication.
Another caution is that we were only able to study prescriptions that were actually filled by patients admitted in
Ontario, Quebec and British Columbia. Similarly, we were
only able to study prescriptions that were written in Nova
Scotia, but we are unable to determine the number of prescriptions that were actually filled. It is possible that some patients
were prescribed an appropriate medication in Ontario, Quebec
and British Columbia, but did not fill their prescription. Thus,
the prescription rates measured using administrative data cannot be solely attributed to the actual prescribing practices of
physicians. It is also possible that some patients received the
appropriate medications from other sources, such as if they
were enrolled in a clinical trial. However, a previous validation
study of the Régie de l’assurance maladie du Québec database
in Quebec showed that at least 83% of prescriptions written at
a routine internal medicine clinic were filled (21). The proportion of patients who fill their prescriptions following a
major health event such as AMI is likely higher. Data from an
unpublished chart audit in Ontario suggest that 90% of elderly
patients filled a prescription for a secondary prevention medication in the ODB after an AMI in the mid-1990s (personal
communication, Peter Austin). In addition, in Nova Scotia,
we had access to actual prescribing rates and these were similar
to the prescription fill rates at 90 days that were documented
using the administrative databases in Ontario, Quebec and
British Columbia. However, it is possible that the slightly
higher utilization rates for beta-blockers observed in Nova
Scotia could in part be accounted for by this discrepancy.

CONCLUSIONS
Although utilization rates for recommended cardiac medications are increasing over time, there remains room for
improvement. There is a clear need for a national comprehensive quality improvement initiative for the management of
patients with established coronary artery disease to increase
the use of ACE inhibitors, beta-blockers and statins.
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Chapter 13: Community factors, hospital characteristics
and inter-regional outcome variations following
acute myocardial infarction in Canada
David A Alter MD PhD1,2,3,4, Peter C Austin PhD1,4, Jack V Tu MD PhD1,3,4,
for the Canadian Cardiovascular Outcomes Research Team

DA Alter, PC Austin, JV Tu, for the Canadian Cardiovascular
Outcomes Research Team. Community factors, hospital
characteristics and inter-regional outcome variations following
acute myocardial infarction in Canada. Originally published in
Can J Cardiol 2005;21(3):247-255.
BACKGROUND: While various community and hospital characteristics have been demonstrated to have an impact on individual
cardiovascular outcomes, the extent to which such factors account
for inter-regional and interhospital outcome variations following
acute myocardial infarction (AMI) remains unknown.
OBJECTIVES: To examine the impact of community and hospital
factors on individual AMI outcomes and procedure use, and to determine the extent to which such characteristics account for interregional and interinstitutional AMI outcome and procedure
variations across Canada.
METHODS: Patients hospitalized with AMI between April 1, 1997,
and March 31, 2000, across Canada were examined. The community
and hospital characteristics studied included three indicators of
socioeconomic status, two indicators of ethnicity, rural-urban status
of residence, hospital academic affiliation, and the presence or absence
of on-site angiography or revascularization capabilities at the admitting
institution. Outcomes included in-hospital mortality, one-year cardiac
readmissions and 30-day revascularization rates post-AMI. All analyses
were adjusted for age, sex and age-sex interaction. The relationships
between community/hospital factors and individual outcomes were
examined using random-effects hierarchical logistic regression analysis,
while the relationships between community/hospital characteristics
and inter-regional/hospital risk-adjusted outcomes were examined
using least squares regression and the coefficient of determination (r2).
RESULTS: After adjusting for demographic factors, a patient’s
neighbourhood socioeconomic status was inversely correlated with
the likelihood of death and downstream cardiac readmissions
(P<0.001); patients residing in lower educated regions were less likely
to receive revascularization post-AMI (P<0.001). Patients living in
regions with higher concentrations of new immigrants and/or visible
minorities, as well as those admitted to academically affiliated hospitals or hospitals with on-site procedural capacity, had fewer cardiac
readmissions (P<0.001) and greater use of revascularization postAMI (P<0.001) after adjusting for age and sex. Despite their associations with outcomes on an individual patient level, community and
hospital factors explained no more than 7% of the variation in the
risk-adjusted outcomes across hospitals or regions. Finally, adjustments

for community and hospital factors and procedure use, beyond adjustments for age and sex alone, had marginal impact on a province’s
risk-adjusted outcomes.
CONCLUSIONS: While community and hospital factors are
important determinants of individual outcomes after AMI, they
account for only a minimal degree of outcome variation across
regions. Further studies are required to examine whether AMI outcome variations in Canada are explained by differences in patient
clinical profiles and/or by differences in the decision-making behaviours of providers across jurisdictions.

Key Words: Acute myocardial infarction; Canada; Community
factors; Hospital factors; Outcomes; Regional variations

Facteurs propres aux communautés et aux
hôpitaux et variations interrégionales du
pronostic post-IAM au Canada
HISTORIQUE : Bien que l’on ait démontré l’existence de caractéristiques propres aux communautés et aux hôpitaux et leur impact sur le
pronostic cardiovasculaire individuel, la portée de ces facteurs sur la variation des pronostics post-infarctus aigu du myocarde (IAM) entre les
régions et entre les hôpitaux demeure inconnue.
OBJECTIFS : Mesurer l’impact des facteurs propres aux communautés et
aux hôpitaux sur le pronostic post-IAM individuel et le recours aux interventions, et déterminer dans quelle mesure ils peuvent expliquer la variation des pronostics et du recours aux interventions entre les régions et les
hôpitaux du Canada.
MÉTHODES : On a passé en revue les dossiers de patients hospitalisés
pour IAM entre le 1er avril 1997 et le 31 mars 2000. On a retenu les facteurs suivants pour ce qui est des caractéristiques des communautés et des
hôpitaux : trois indicateurs du statut socio-économique, deux indicateurs
raciaux, le statut de résidence en milieu rural ou urbain, l’affiliation à un
hôpital universitaire et l’accès à la coronarographie ou à la revascularisation dans les établissements où les patients étaient admis. Les pronostics
incluaient : mortalité durant l’hospitalisation, réhospitalisations à l’intérieur d’un an et taux de revascularisation dans les 30 jours suivant
l’IAM. Toutes les analyses ont été ajustées selon l’âge, le sexe et l’interaction âge-sexe. Les rapports entre les facteurs communautaires/hospitaliers
et le pronostic individuel ont été étudiés par analyse de régression logistique hiérarchique à effet aléatoire, alors que les liens entre les caractéristiques communautaires et hospitalières et les pronostics ajustés selon le
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risque d’une région et d'un hôpital à l’autre ont été analysés par régression
des moindres carrés et coefficients de détermination (r2).
RÉSULTATS : Après ajustement pour tenir compte des facteurs démographiques, on a observé que le statut socio-économique du voisinage d’un
patient était en corrélation inverse avec la probabilité de mortalité ou de
réadmission en cardiologie (p < 0,001). Les patients qui résidaient dans des
secteurs où le niveau de scolarité était moins élevé avaient moins de
chance d’avoir accès à la revascularisation post-IAM (p < 0,001). Les
patients des zones à forte concentration de nouveaux immigrants ou de
minorités visibles, de même que les sujets admis dans des hôpitaux universitaires ou affiliés à des universités, dotés de laboratoires d’électrophysiologie, présentaient moins de réadmissions en cardiologie (p < 0,001) et une
utilisation plus fréquente de la revascularisation post-IAM (p < 0,001)
après ajustement pour tenir compte de l’âge et du sexe. Malgré leurs liens

avec les pronostics individuels, les facteurs communautaires et hospitaliers
n’ont pas été en cause dans plus de 7 % des variations de pronostic ajusté
selon le risque entre les hôpitaux ou les régions. En dernier lieu, les ajustements pour tenir compte des facteurs communautaires et hospitaliers et le
recours aux interventions, outre les ajustements selon l’âge et le sexe seulement, ont eu un impact marginal sur les pronostics provinciaux ajustés
selon le risque.
CONCLUSION : Bien que les facteurs propres aux communautés et aux
hôpitaux soient d’importants déterminants du pronostic post-IAM individuel, ils ne représentent qu’un degré minime de la variation des pronostics entre les régions. D’autres études devront être entreprises pour vérifier
si les variations du pronostic post-IAM au Canada s’expliquent par la variété des profils cliniques des patients et par les différents processus décisionnels des prestateurs de soins de santé d’une juridiction à l’autre.

anada is well recognized for its social, ethnic and geographical diversity. Its socialized ‘Medicare’ program is
heralded internationally for ensuring that all citizens receive
universal health care for medically necessary services without
user fees, regardless of affluence, race or culture (1). However,
available evidence has demonstrated that community and hospital characteristics significantly affect the outcomes and care
that patients receive (2,3). For example, neighbourhood
income levels are inversely related to cardiovascular mortality
and morbidity (2,4). Patients residing in lower socioeconomic
neighbourhoods receive fewer specialized services than do
those residing in highly affluent communities (5,6).
Geographical proximity to tertiary care facilities and its effect
on specialty service intensity further underscore the importance of regional capacity distribution and its implications on
access to specialized cardiac services in Canada (5,7,8).
Accumulating evidence has recently demonstrated the
presence of significant inter-regional and interhospital treatment and outcome variations across Canada (9-11). Indeed,
acute myocardial infarction (AMI) mortality and cardiac
readmission rates have been shown to vary at least twofold
across provinces, with a geographical east-west gradient
observed for angina readmissions (9). Given their importance
as determinants of individual patient outcomes (4,7), characteristics related to resident communities or admitting hospitals
have been hypothesized by some researchers to play a central
role in accounting for variations in outcomes in institutions
and/or regions across Canada (10). Others, in turn, may argue
that such higher level ‘area’ characteristics (herein termed ‘contextual factors’) may have little impact in explaining interregional outcome variations, especially if the sociocultural
diversity of patients who present with cardiovascular disease is
insufficiently large between high and low mortality rate communities (12). No study has systematically evaluated whether
contextual factors, such as neighbourhood socioeconomic
status, ethnicity and specialty cardiac service capacity, explain
AMI treatment and outcome disparities across Canada.
Accordingly, the objective of the present study was threefold: first, to examine the impact of contextual neighbourhood
and hospital factors on individual cardiovascular outcomes and
on the use of cardiac interventions; second, to examine the
extent to which inter-regional and interinstitutional outcome
variations can be explained by contextual neighbourhood and
hospital characteristics, respectively; and third, to explore the
impact of adjustments for contextual characteristics on
province-specific risk-adjusted outcomes.
We limited our examination to patients with AMI for several reasons. First, the incorporation of an inception cohort

rather than an entire population attenuates the heterogeneity
in patient factors across regions, and therefore allows one to
better separate the effects of contextual factors from patientlevel attributes when examining the relationship for each characteristic on cardiovascular outcomes. Second, inter-regional
variations in post-AMI cardiac outcomes and procedure use
have been well-documented (9,13-15). While the magnitude of
variation in post-AMI cohorts is small when compared with
that in the general population, the pattern of variations, particularly for selected outcomes (eg, cardiac readmissions), appears
to mirror the trends in cardiovascular death rates for the general
population (9,10). Third, the inverse relationship between cardiac service intensity and cardiac readmission rates post-AMI
allows us to explore a potential intermediary causal pathway
among contextual factors, intervention rates and cardiovascular
outcomes (8,16). Consequently, an ancillary objective of the
present study was to examine whether variations in procedure
rates alone can account for previously described east-west gradients in cardiac readmission rates post-AMI.

C

METHODS
Data sources
A cohort of new AMI patients hospitalized in all Canadian
provinces (except Newfoundland and Labrador, Yukon,
Northwest Territories and Nunavut) between April 1, 1997, and
March 31, 2000, was examined. AMI patients were identified
using the most responsible diagnosis of AMI (International
Classification of Diseases, 9th Revision [ICD-9] code 410 [17]) in the
Canadian Institute for Health Information (CIHI) database. The
cohort’s eligibility has been previously described (9). The following patients were excluded from the study: those younger than
20 years of age or older than 105 years of age; those whose AMI
was coded as an in-hospital complication; those with invalid
health card numbers; those with total length of stay of less than
three days; and those who had had a previous AMI admission
within the preceding year. Patients were assigned to the hospital
of initial (index) AMI presentation, regardless of downstream
in-hospital transfers; the total duration of hospitalization included
all days spent at both the presenting and the transferring institutions (where applicable). The rationale for the eligibility criteria is
described elsewhere (18). Mortality outcomes were identified
using the Discharge Abstract Database from the CIHI for all
provinces except Quebec and Manitoba, which incorporated the
Hospital Morbidity Database. Except in British Columbia,
patients who died in the emergency room were not classified as
having in-hospital events and were, therefore, ineligible for study.
Given that the intent of the present study was to explore the associations between ecological factors and outcomes rather than to
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compare death rates among provinces, mortality data from British
Columbia were included in the analyses. Readmission and revascularization procedures were identified using CIHI data.
Neighbourhood socioeconomic and ethnicity characteristics
were identified by linking postal code data (using the Forward
Sortation Areas [ie, the first three digits of the postal code]) to
2001 Census data (4), while the rural-urban status of the patient’s
residence was identified using a postal code conversion file (19).
Information on admitting hospital characteristics (eg, academic
status and on-site procedural capacity) was identified by contacting each institution individually.

Patient factors
Given the differences in the coding of comorbidity among the
provinces (eg, morbidity databases in Quebec and Manitoba do
not differentiate between those comorbid factors that exist before
AMI and those arising from complications subsequent to admission but still within the index AMI hospitalization), the assessment of patient factors was restricted to the following demographic
variables: age, sex and age-sex interaction. While age and sex were
the only patient factors used for risk-adjustment purposes, available
evidence has demonstrated that a region’s risk-adjusted AMI outcome using age-sex standardization alone is strongly correlated
with its corresponding outcome when incorporating age, sex and
comorbidity into the risk-adjustment model (9).

Contextual factors
Six neighbourhood and three hospital contextual characteristics
were examined. The neighbourhood factors were chosen to reflect
socioeconomic and ethnic diversity, and were as follows: median
household income, and the proportions of individuals who completed less than grade 9 education, were impoverished (defined as
living at the poverty threshold and adjusted for family size and
metropolitan density), were members of a visible minority, were
new immigrants and resided in rural communities. The hospital
factors examined in the present study were academic affiliation, and
on-site cardiac catheterization and revascularization capacity. Most
of the factors examined had been shown to be important determinants of cardiovascular treatment, outcomes or both (4,7,10).
Not surprisingly, the correlations between education, household income and poverty were high, ranging from r=–0.73 (for
median household income versus poverty) to r=0.49 (for education versus poverty), as were the correlations between ethnicity
measures (eg, r=0.87 for new immigrants versus visible minorities). However, ecological socioeconomic indicators were only
modestly correlated with ethnicity (ie, ranging from r=0.16 for the
correlation between visible minority and median household
income, and r=0.38 for the correlation between new immigrants
and being impoverished).

Outcomes
Three outcomes were examined: in-hospital mortality, one-year
readmission rate (for angina, AMI or congestive heart failure) and
revascularization procedures (ie, percutaneous transluminal coronary angioplasty or coronary artery bypass surgery) at 30 days postAMI. In-hospital mortality was defined as a death that occurred at
any time during the index AMI hospitalization. Readmission rates
were examined only for those who survived until discharge from
the index AMI hospitalization, while mortality and revascularization were assessed in the entire AMI cohort. Data on recurrent MI
(ICD-9 code 410), angina (ICD-9 codes 411 and 413) and congestive heart failure (ICD-9 code 428) were obtained from the
104

CIHI database. Percutaneous transluminal coronary angioplasty
was identified using Canadian Classification of Procedures codes
48.02, 48.03 and 48.09, while coronary artery bypass surgery was
identified using Canadian Classification of Procedures codes 48.11
to 48.19.

Statistical analyses
Three distinct multivariate analyses were conducted to examine
the impact of contextual factors on AMI outcomes at the patient,
regional/hospital and provincial levels.
The first analysis examined the importance of each contextual characteristic on individual patient outcomes. Hierarchical
analysis was used to examine the relationship between each factor and patient outcomes for all AMI patients in Canada, after
adjusting for age, sex and age-sex interaction. This analysis modelled the hierarchical nature of the data, which consisted of
patients nested in communities or hospitals, with characteristics
measured at different levels of the hierarchy (20). A traditional
regression model tends to underestimate standard errors for characteristics measured at higher levels of the hierarchy, thereby producing CIs that are artificially narrow. Given the concerns
regarding cross-classification (patients from two or more neighbourhoods hospitalized within the same institution, or patients
from one neighbourhood hospitalized at two different institutions),
analyses examining neighbourhood factors were kept distinct from
those examining hospital factors. To examine whether the relationships between contextual factors and outcomes were consistent
across jurisdictions, hierarchical analyses were repeated for each of
five provincial regions: the Maritimes (ie, New Brunswick, Prince
Edward Island and Nova Scotia), Quebec, Ontario, the Prairies
(ie, Manitoba, Saskatchewan and Alberta) and British Columbia.
The second analysis examined the extent to which regional or
hospital risk-adjusted outcomes (ie, risk-adjusted for age, sex and
age-sex interaction) could be explained by their corresponding
neighbourhood and hospital contextual characteristics, respectively. Risk-adjusted outcomes were derived using indirect standardization, and were adjusted for age, sex and age-sex interaction.
Using least squares regression, the risk-adjusted outcomes were
then regressed against each contextual factor across Forward
Sortation Areas and hospitals to determine the coefficient of
determination (r2). Once again, neighbourhood risk-adjusted outcomes were analyzed separately from hospital risk-adjusted outcomes to eliminate concerns regarding cross-classification.
The third analysis examined the extent to which a province’s
outcomes and outlier rankings were altered by sequential risk adjustment for age, sex, neighbourhood and hospital characteristics.
Outlier status was determined by comparing a province’s riskadjusted outcomes with the overall Canadian rate. A ‘low’ outlier
was defined if a province’s upper 95th percentile fell below the
provincial average, while a ‘high’ outlier was defined if a province’s
lower 95th percentile fell above the provincial average. Given that
only nine provinces comprised the unit of analysis, risk-adjustment
techniques incorporated indirect standardization and the use of
nonhierarchical fixed-effects multiple logistic modelling rather than
random-effects hierarchical models. Finally, to examine the extent
to which procedures themselves affected outcomes, risk-adjusted
provincial cardiac readmission rates were compared before and after
adjustments for revascularization use post-AMI.
For each of the above analyses, stepwise regression techniques
for variable selection were incorporated when examining the importance of two or more contextual factors within the same model.
Statistical significance was defined as P<0.05. SAS Version 8.2
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TABLE 1
Baseline characteristics of patients hospitalized with acute myocardial infarction in Canada between April 1, 1997, and
March 31, 2000
Sample size

BC

Alberta

Saskatchewan

Manitoba

Ontario

Quebec

Nova Scotia

PEI

15,059

10,146

4343

5137

57,965

36,374

5177

835

New Brunswick Total
3781

139,484

Demographics
Median age, years (IQR)
Female (%)

70

67

72

71

69

67

68

70

69

69

(59–79)

(56–77)

(61–79)

(59–79)

(58–78)

(56–77)

(56–78)

(59–78)

(56–78)

(57–78)

33.7

31.7

35.2

36.3

36.4

34.5

37.7

36.1

36.7

35.3

Neighbourhood characteristics
Median household
income (IQR)
Median %
impoverished (IQR)
Median % with
less than grade 9

$41,174

$40,097

$33,778

$36,341

$42,681

$33,481

$33,216

$36,108

$33,297

$38,629

($36,067–

($35,289–

($29,831–

($30,215–

($36,831–

($28,989–

($29,539–

($33,865–

($30,356–

($33,120–

$47,591)

$47,265)

$37,676)

$40,695)

$50,841)

$40,203)

$36,273)

$36,153)

$37,585)

$46,248)

16.9

15.5

18.7

18.0

15.7

20.7

18.2

12.7

18.9

17.6

(14.0–22.6)

(13.8–22.9)

(14.1–19.9)

(13.6–24.8)

(11.6–22.3) (16.2–28.8) (15.9–22.3) (12.5–22.2) (15.9–22.9) (13.6–23.9)

7.0

7.6

13.1

12.3

9.8

19.5

12.9

13.8

(5.1–9.4)

(4.6–11.4)

(10.3–18.4)

(7.0–19.1)

(7.5–12.8)

(14.0–23.6)

(8.2–14.7)

(8.4–13.8)

13.8

11.0

(10.6–23.2) (7.6–16.8)

education (IQR)
Median % new
immigrants (IQR)

2.0

1.5

0.3

1.1

1.8

0.4

0.3

0.3

0.2

1.0

(1.0–7.5)

(0.6–3.4)

(0.2–1.1)

(0.5–2.2)

(0.6–6.8)

(0.2–2.1)

(0.2–0.6)

(0.0–0.6)

(0.1–0.4)

(0.4–3.8)

Median % of visible

6.3

5.3

1.2

3.9

5.1

0.9

1.5

0.5

0.6

3.5

minorities (IQR)

(3.6–20.8)

(1.7–12.3)

(0.7–4.6)

(0.8–7.5)

(1.6–20.1)

(0.5–7.4)

(1.1–3.6)

(0.5–2.7)

(0.3–1.8)

(0.9–11.5)

18.3

29.7

45.9

35.2

17.9

24.4

50.0

47.3

49.7

24.1

19.5

33.8

21.9

18.4

19.3

27.2

15.6

0

16.5

22.1

11.5

24.4

21.9

18.4

11.4

20.2

15.6

0

16.5

15.6

7.9

56.7

44.8

18.4

19.5

14.5

33.8

89.7

43.5

22.1

Proportion residing in
rural regions (%)
Admitting hospital characteristics
Proportion admitted to
on-site catheterization
facilities (%)
Proportion admitted to
on-site revascularization
facilities (%)
Proportion admitted to an
academically affiliated
hospital (%)

BC British Columbia; IQR Interquartile range; PEI Prince Edward Island

(SAS Institute Inc, USA) and hierarchical linear model statistical
software (Scientific Software International Inc, USA) was used.

RESULTS
Baseline characteristics
Table 1 illustrates the distribution of baseline patient demographics, and neighbourhood and admitting hospital characteristics stratified by province. The median age of patients
admitted with AMI was lowest in Alberta and Quebec
(67 years) and highest in Saskatchewan (72 years). Patients
with AMI in Ontario resided in the most affluent and besteducated communities, while the converse was true for
patients in Quebec. Patients in British Columbia and Ontario
resided in the most ethnically diverse regions (as defined by
the proportion of new immigrants and visible minorities),
while patients in the Maritimes resided in areas with the lowest proportion of new immigrants and visible minorities. Nova
Scotia and New Brunswick had the highest proportions of rural
patients, while Ontario and British Columbia had the lowest.
Finally, the proportions of patients hospitalized in institutions
with on-site procedural facilities were highest in Alberta and
Quebec, and lowest in the Maritimes.

Determinants of individual outcomes
After adjusting for baseline demographics, both median
income and level of education were inversely correlated with
in-hospital mortality and with recurrent cardiac admissions at
one year, while education was positively correlated with 30-day
revascularization use following AMI (Table 2). With a few
notable exceptions (eg, British Columbia), the relationships
between median household income or education and outcomes
were consistent (in direction) across provincial jurisdictions.
However, the relationships between poverty and outcomes
were not always consistent with the other socioeconomic indicators. For example, recurrent cardiac readmission rates were
similar between impoverished and nonpoverty-stricken communities. Moreover, patients residing in impoverished communities were more likely to undergo revascularization following
AMI than were those from average or affluent communities.
Finally, the directionality of the relationships between poverty
and outcomes varied among the provinces (Table 2).
Ethnicity (new immigrants and visible minorities) was not
significantly associated with in-hospital mortality, but it was
associated with fewer readmissions and a greater use of revascularization procedures after adjustment for patient factors
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TABLE 2
Relationship between contextual factors and outcomes among patients hospitalized with acute myocardial infarction in
Canada between April 1, 1997, and March 31, 2000, after adjustment for patient-level characteristics
Outcomes

Contextual factor

In-hospital
mortality

P

One-year
readmissions

P

30-day
revascularization

P

Neighbourhood characteristics
Each $10,000 increase in median household income

Each 10% increase in poverty

Each 10% increase in patients with less than
grade 9 education

Each 10% increase in new immigrants

Each 10% increase in visible minorities

Rural (versus urban) residence

Overall

0.95 (0.94–0.97)

<0.001

0.95 (0.94–0.97)

<0.001

1.01 (0.98–1.04)

0.57

Maritimes

0.97 (0.87–1.09)

0.62

0.79 (0.72–0.87)

<0.001

1.20 (1.01–1.42)

0.04

Quebec

0.94 (0.90–0.99)

0.02

0.93 (0.91–0.96)

<0.001

1.03 (0.99–1.08)

0.18

Ontario

0.96 (0.94–0.99)

0.005

0.94 (0.93–0.96)

<0.001

1.09 (1.05–1.13)

<0.001

Prairies

0.95 (0.90–0.99)

0.03

0.89 (0.84–0.94)

<0.001

1.11 (1.02–1.19)

0.01

BC

0.93 (0.87–1.00)

0.04

1.02 (0.97–1.07)

0.41

1.00 (0.94–1.06)

0.97

Overall

1.07 (1.05–1.10)

<0.001

0.99 (0.97–1.01)

0.3

1.10 (1.07–1.14)

<0.001

Maritimes

0.99 (0.86–1.13)

0.83

1.18 (1.04–1.33)

0.009

0.98 (0.79–1.21)

0.83

Quebec

1.07 (1.03–1.11)

0.001

0.98 (0.95–1.00)

0.09

1.07 (1.03–1.11)

0.001

Ontario

1.05 (1.02–1.08)

0.004

1.03 (1.00–1.06)

0.03

1.04 (0.99–1.10)

0.08

Prairies

1.06 (1.01–1.11)

0.02

0.94 (0.89–1.00)

0.05

1.02 (0.94–1.10)

0.68

BC

1.15 (1.08–1.23)

<0.001

0.93 (0.87–0.99)

0.02

1.05 (0.95–1.15)

0.33

Overall

1.06 (1.03–1.10)

<0.001

1.14 (1.11–1.17)

<0.001

0.87 (0.82–0.92)

<0.001

Maritimes

0.98 (0.81–1.19)

0.86

1.19 (1.07–1.33)

0.002

0.57 (0.45–0.72)

<0.001

Quebec

1.06 (0.99–1.13)

0.10

1.19 (1.13–1.25)

<0.001

0.84 (0.78–0.90)

<0.001

Ontario

1.03 (0.97–1.09)

0.35

1.12 (1.06–1.17)

<0.001

0.72 (0.66–0.79)

<0.001

Prairies

1.11 (1.03–1.20)

0.004

1.32 (1.19–1.47)

<0.001

0.64 (0.55–0.73)

<0.001

BC

1.24 (1.03–1.48)

0.02

1.13 (0.96–1.32)

0.13

0.72 (0.58–0.88)

0.002

Overall

1.02 (0.98–1.06)

0.38

0.94 (0.90–0.97)

0.002

1.19 (1.17–1.27)

<0.001

Maritimes

1.05 (0.49–2.28)

0.90

0.23 (0.07–0.71)

0.01

3.79 (1.30–11.12)

0.018

Quebec

0.97 (0.86–1.10)

0.67

0.81 (0.73–0.91)

<0.001

1.50 (1.33–1.70)

<0.001

Ontario

0.97 (0.92–1.02)

0.26

0.97 (0.93–1.01)

0.17

1.21 (1.14–1.29)

<0.001

Prairies

1.08 (0.84–1.37)

0.56

0.36 (0.25–0.51)

<0.001

2.73 (1.86–4.02)

<0.001

BC

1.13 (1.03–1.25)

0.008

0.88 (0.81–0.97)

0.007

1.17 (1.04–1.31)

0.008

Overall

1.01 (0.99–1.02)

0.29

0.97 (0.96–0.98)

<0.001

1.06 (1.04–1.09)

<0.001

Maritimes

0.93 (0.72–1.20)

0.57

0.57 (0.47–0.69)

<0.001

1.67 (1.08–2.58)

0.025

Quebec

0.99 (0.95–1.04)

0.73

0.90 (0.86–0.94)

<0.001

1.15 (1.10–1.20)

<0.001

Ontario

0.99 (0.97–1.00)

0.14

0.98 (0.97–1.00)

0.04

1.07 (1.05–1.09)

<0.001

Prairies

1.03 (0.98–1.09)

0.22

0.74 (0.69–0.79)

<0.001

1.26 (1.13–1.40)

<0.001

BC

1.05 (1.02–1.09)

0.004

0.98 (0.95–1.01)

0.15

1.05 (1.01–1.10)

0.015

Overall

0.95 (0.91–1.00)

0.03

1.18 (1.13–1.23)

<0.001

0.72 (0.65–0.78)

<0.001

Maritimes

1.06 (0.88–1.28)

0.53

1.08 (0.93–1.24)

0.31

0.66 (0.52–0.83)

0.001

Quebec

0.87 (0.79–0.95)

0.003

1.30 (1.19–1.43)

<0.001

0.68 (0.60–0.78)

<0.001
<0.001

Ontario

0.90 (0.83–0.99)

0.23

1.13 (1.06–1.20)

<0.001

0.75 (0.67–0.85)

Prairies

1.05 (0.96–1.15)

0.31

1.50 (1.34–1.68)

<0.001

0.72 (0.59–0.88)

0.002

BC

1.08 (0.94–1.24)

0.27

1.02 (0.92–1.14)

0.67

0.56 (0.43–0.73)

<0.001
<0.001

Admitting hospital characteristics
On-site catheterization facilities

On-site revascularization facilities

Academic affiliations

Overall

1.06 (0.98–1.16)

0.16

0.86 (0.79–0.93)

<0.001

2.53 (1.66–2.25)

Maritimes

1.01 (0.92–1.11)

0.82

0.69 (0.50–0.96)

0.03

3.77 (2.72–5.21)

<0.001

Quebec

1.09 (0.92–1.29)

0.34

0.79 (0.72–0.87)

<0.001

2.55 (1.93–3.38)

<0.001

Ontario

1.06 (0.96–1.16)

0.26

0.91 (0.93–1.01)

0.07

2.40 (1.82–3.18)

<0.001

Prairies

1.18 (1.05–1.32)

0.006

0.71 (0.59–0.87)

0.001

3.06 (1.90–4.93)

<0.001

BC

1.13 (0.87–1.47)

0.37

0.86 (0.73–1.01)

0.07

1.93 (1.30–2.86)

0.002

Overall

1.09 (0.98–1.21)

0.12

0.84 (0.77–0.92)

<0.001

3.12 (2.50–3.90)

<0.001

Maritimes

1.01 (0.92–1.11)

0.82

0.69 (0.50–0.96)

0.03

3.77 (2.72–5.21)

<0.001

Quebec

1.09 (0.99–1.35)

0.41

0.80 (0.72–0.88)

<0.001

3.17 (2.52–3.99)

<0.001

Ontario

1.08 (0.96–1.22)

0.18

0.89 (0.80–0.99)

0.03

2.96 (2.19–4.01)

<0.001

Prairies

1.16 (1.01–1.33)

0.04

0.75 (0.61–0.92)

0.006

2.96 (1.70–5.17)

<0.001

BC

1.29 (1.02–1.64)

0.04

0.85 (0.66–1.10)

0.21

2.40 (1.77–3.27)

<0.001

Overall

1.03 (0.94–1.12)

0.57

0.83 (0.77–0.90)

<0.001

2.19 (1.76–2.75)

<0.001

Maritimes

0.89 (0.77–1.03)

0.12

0.90 (0.72–1.11)

0.33

1.83 (1.00–3.35)

0.054

Quebec

1.16 (0.92–1.46)

0.20

0.83 (0.75–0.92)

0.001

2.72 (2.01–3.69)

<0.001

Ontario

1.07 (0.96–1.18)

0.23

0.85 (0.78–0.92)

<0.001

2.50 (1.88–3.34)

<0.001

Prairies

1.05 (0.94–1.17)

0.41

0.73 (0.60–0.89)

0.002

2.01 (1.24–3.27)

0.005

BC

1.24 (0.89–1.71)

0.20

0.83 (0.64–1.07)

0.15

1.54 (0.88–2.70)

0.13

BC British Columbia

106

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

Effect of community and hospital factors on AMI outcome

TABLE 3
Percentage of variation in neighbourhood and hospital risk-adjusted outcomes explained by contextual characteristics
Risk-adjusted outcomes
In-hospital
mortality

Median household income
Poverty

Contextual factor

P

One-year
readmissions

P

30-day
revascularization

2.6

<0.001

2.5

<0.001

0.01

0.96

5.3

<0.001

0.3

0.05

2.4

<0.001

P

Neighbourhood characteristics

Less than grade 9 education

2.4

<0.001

6.6

<0.001

1.4

<0.001

New immigrants

0.8

<0.001

2.5

<0.001

4.2

<0.001

Visible minority

0.3

0.05

4.0

<0.001

4.3

<0.001

Rural (versus urban) regions

0.08

0.26

2.9

<0.001

1.9

<0.001

Admitting hospital characteristics
On-site catheterization facilities

0.1

0.49

0.20

0.35

1.2

0.02

On-site revascularization facilities

0.06

0.60

0.04

0.67

0.6

0.09

Academic affiliation

0.1

0.41

0.5

0.13

1.0

0.03

Numbers reflect the proportion of variation in age- and sex-adjusted outcomes explained by each determinant

(r2),

expressed as a percentage

TABLE 4
Impact of sequential risk adjustment for age, sex, neighbourhood socioeconomics, ethnicity, rurality and hospital factors
on province-specific in-hospital mortality rates for patients presenting with acute myocardial infarction between April 1, 1997,
and March 31, 2000
Province

Crude
mortality

Age- and sexadjusted
mortality
95% CI

Neighbourhoodadjusted
Outlier
mortality

95% CI

New Brunswick

11.8

11.8

10.9–12.7

13.7

12.7–14.7

PEI

10.8

10.8

8.6–13.0

11.1

8.9–13.3

Nova Scotia

11.7

11.9

11.1–12.8

Quebec

12.5

13.3

12.9–13.6

Ontario

12.6

12.3

12.0–12.6

High

Neighbourhoodand hospital-adjusted
Outlier
mortality
High

95% CI

Outlier

13.6

12.6–14.7

High

11.6

9.4–13.8

11.9

11.0–12.8

11.8

10.9–12.7

12.8

12.4–13.1

12.9

12.6–13.2

12.6

12.3–12.8

12.6

12.4–12.9

Low

11.6

10.7–12.4

11.7

10.9–12.6

High

Manitoba

12.7

11.8

11.0–12.6

11.6

10.8–12.4

Saskatchewan

13.2

11.8

10.9–12.7

11.8

11.0–12.7

Low

Alberta

10.4

11.1

10.5–11.8

Low

11.2

10.6–11.9

Low

11.2

10.6–11.9

Low

British Columbia

14.6

13.8

13.3–14.3

High

14.1

13.6–14.6

High

14.2

13.7–14.7

High

PEI Prince Edward Island

(Table 2). Patients residing in urban regions, and/or those hospitalized in academically affiliated institutions or institutions
with on-site catheterization/revascularization facilities were
less likely to have a subsequent cardiac readmission in the forthcoming year and more likely to undergo revascularization procedures within the first 30 days of the index infarct than were
patients residing in rural regions or hospitalized in nontertiary/
nonacademically affiliated institutions (Table 2).
Explaining neighbourhood- and hospital-specific outcome
variations
Table 3 illustrates that no single contextual factor accounted
for more than 5.3% of the variation in risk-adjusted mortality
(ie, poverty) or 6.6% of the variation in risk-adjusted cardiac
readmissions (ie, level of education) across communities.
While on-site revascularization facilities were associated with
significantly higher risk-adjusted hospital-specific revascularization rates post-MI (ie, the median values [interquartile
range] of risk-adjusted revascularization rates among hospitals
with and without on-site revascularization facilities were 30.8
[20.2 to 40.2] and 12.1 [6.4 to 18.7], respectively), significant
variations in revascularization rates persisted within each
hospital subgroup. All remaining neighbourhood and hospital contextual factors accounted for negligible variations in

risk-adjusted hospital outcomes. When examining the impact
of multiple factors combined, the results did not change
significantly. No greater than 7% of the variation for any
risk-adjusted outcome could be explained by multiple
socioeconomic, ethnic and geographical variables combined
within the same statistical model when using stepwise regression techniques.
Risk adjustment and province-specific outcomes
Tables 4 to 6 examine the impact of sequential risk adjustment
on provincial mortality, cardiac readmissions and revascularization use post-AMI. With one exception (New Brunswick),
sequential adjustment for neighbourhood and hospital contextual characteristics resulted in negligible absolute changes to a
province’s risk-adjusted mortality rate when compared with
adjustments for age and sex alone. Notwithstanding the negligible absolute risk-adjusted mortality differences, sequential risk
adjustment did alter the outlier statuses of three provinces:
New Brunswick (from ‘average’ to ‘high’), Manitoba (from
‘average’ to ‘low’) and Quebec (from ‘high’ to ‘average’ to ‘high’)
(Table 4). Similar results emerged when examining cardiac
readmission and revascularization outcomes (Tables 5 and 6).
Again, with the exception of results from New Brunswick,
sequential risk adjustment for contextual neighbourhood and
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TABLE 5
Impact of sequential risk adjustment for age, sex, neighbourhood socioeconomics, ethnicity, rurality and hospital factors
on province-specific one-year readmission rates for patients presenting with acute myocardial infarction between
April 1, 1997, and March 31, 2000
Crude
mortality

Province

Age- and sex-adjusted
readmission
rate
95% CI

New Brunswick

25.6

25.6

24.3–27.0

PEI

25.1

24.9

21.9–27.9

Outlier

Neighbourhoodadjusted
readmission rate

95% CI

High

29.0

27.6–30.4

23.7

20.8–26.6

Outlier

Neighbourhoodand hospital-adjusted
readmission rate

95% CI

Outlier

High

29.0

27.6–30.4

High

23.5

20.6–26.4

Nova Scotia

23.7

23.8

22.6–25.0

23.8

22.5–25.0

23.7

22.4–24.9

Quebec

23.5

24.0

23.6–24.5

23.1

22.6–23.6

Low

23.2

22.7–23.6

Low

Ontario

25.4

25.2

24.8–25.6

High

25.6

25.3–26.0

High

25.5

25.1–25.9

High

Low

19.5

18.3–20.8

Low

19.5

18.3–20.7

Low

22.4

21.1–23.7

22.5

21.2–23.8

Manitoba

20.0

19.6

18.4–20.8

Saskatchewan

24.0

23.2

21.8–24.5

Alberta

17.1

17.5

16.6–18.4

Low

18.6

17.7–19.6

British Columbia

22.5

22.1

21.4–22.8

Low

23.2

22.5–24.0

Low

18.8

17.9–19.7

23.3

22.6–24.1

Low

PEI Prince Edward Island

TABLE 6
Impact of sequential risk adjustment for age, sex, neighbourhood socioeconomics, ethnicity, rurality and hospital factors
on province-specific 30-day revascularization rates for patients presenting with acute myocardial infarction between
April 1, 1997, and March 31, 2000
Crude
mortality

Age- and sexadjusted
mortality

95% CI

19.2

18.9

17.8–20.0

4.3

4.4

1.8–7.0

Low

Nova Scotia

13.4

13.2

12.1–14.2

Low

Quebec

22.7

21.9

21.5–22.2

High

Ontario

12.7

12.9

12.6–13.2

Low

Manitoba

15.9

16.6

15.6–17.7

Low

Saskatchewan

20.4

22.0

20.9–23.2

Alberta

29.7

28.3

British Columbia

24.0

25.0

Province
New Brunswick
PEI

Outlier

Neighbourhoodand hospital-adjusted
mortality

95% CI

Outlier

22.4–24.9

High

21.8

20.6–22.9

High

2.1–7.6

Low

5.1

2.3–7.9

Low

12.3–14.3

Low

13.2

12.2–14.2

Low

22.4

22.0–22.7

High

22.1

21.7–22.5

High

13.0

12.7–13.3

Low

13.6

13.2–13.9

Low

16.3

15.3–17.4

Low

16.2

15.2–17.2

Low

High

23.1

21.9–24.3

High

20.8

19.7–21.9

High

27.6–29.0

High

26.7

26.0–27.4

High

24.2

23.6–24.8

High

24.4–25.6

High

24.0

23.4–24.7

High

26.3

25.7–26.9

High

Outlier

Neighbourhoodadjusted
mortality

95% CI

23.7
4.9
13.3

PEI Prince Edward Island

No procedural adjustment

New Brunswick

Procedural adjustment

PEI

No procedural adjustment
Procedural adjustment

Nova Scotia

No procedural adjustment
Procedural adjustment

hospital factors yielded a negligible effect on a province’s
risk-adjusted outcome rates.
Statistical adjustments for early revascularization procedure
use had little effect on a province’s risk-adjusted readmission
rates post-AMI (Figure 1).

No procedural adjustment

Quebec

Procedural adjustment

DISCUSSION

No procedural adjustment

Ontario

Procedural adjustment

Manitoba

No procedural adjustment
Procedural adjustment
No procedural adjustment

Saskatchewan

Procedural adjustment
No procedural adjustment

Alberta

Procedural adjustment

British Columbia

No procedural adjustment
Procedural adjustment

Provincial average
10

15

20

25

30

35

40

Adjusted readmission rate +/- 95% CI, %

Figure 1) The impact of revascularization procedures on provinceadjusted recurrent cardiac admission rates at one-year following acute
myocardial infarction (AMI). Adjusted readmission rates were evaluated at one year following AMI. All readmission rates were adjusted for
age, sex and age-sex interaction. The impact of revascularization procedures on readmission rates was inferred by observing the extent to
which the point estimates (±95% CIs) shifted with the additional
adjustment for revascularzation use at 30 days post-MI. PEI Prince
Edward Island
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Our study demonstrated that while neighbourhood and hospital factors are associated with patient outcomes following AMI
on an individual level, the extent to which such factors
account for inter-regional or interhospital outcome variations
across Canada is marginal or negligible.
Several studies have demonstrated the importance of contextual factors, such as neighbourhood income and the academic
affiliation of a hospital, as determinants of individual-level AMI
outcomes in Canada, as elsewhere. Indeed, our results reaffirm
the inverse relationship between neighbourhood socioeconomic status and fatal/nonfatal outcomes after AMI (4,7). We
also demonstrated that a community’s ethnic diversity exerted
protective effects on nonfatal outcomes post-AMI – a finding
likely attributable to a ‘healthy immigrant effect’. Patients living
in less educated communities received fewer revascularization
procedures, while those residing in neighbourhoods with high
concentrations of visible minorities were just as likely to
receive revascularization as were those residing in highly
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Caucasian neighbourhoods. In contrast to findings in the
United States (21,22), racial disparities in AMI treatment do
not appear to exist in Canada.
The results of individual-level analyses generated several
other interesting findings. For example, on-site procedural
capacity was a consistent determinant of revascularization use
across all regions of Canada – a reaffirmation that supply factors affect physician decision-making processes and specialty
service referral patterns (5,7,8,13,15). Neighbourhood income
level, while inversely correlated with mortality and readmissions, varied in its association with revascularization use across
provinces. Furthermore, the relationship between poverty and
revascularization use was discordant with the relationship
between socioeconomic status and revascularization use when
using neighbourhood income or education as indicators of
socioeconomic status. For example, patients residing in less
well-educated communities were less likely to receive revascularization, while the converse was true for patients residing in
impoverished communities. Such inconsistencies suggest that
the relationship between socioeconomic status and treatment
may vary according to the socioeconomic indicator used.
While ecological factors are important determinants of
individual-level outcomes, our results suggest that the effects
of such factors on regional outcomes are significantly attenuated. In our study, no such factor accounted for more than 7%
of the variation in regional or hospital-specific outcomes, after
adjusting for age, sex and age-sex interaction. Similarly,
sequential risk adjustment for additional factors exerted modest or negligible effects on a province’s risk-adjusted outcomes
or their outlier status. In this regard, our results are similar to
those of other studies. For example, an Ontario study (12) of
50,000 AMI patients admitted to hospitals between 1994 and
1997 demonstrated that adjustments for socioeconomic status
exerted little effect on a hospital’s risk-adjusted mortality rates
and rankings.
The apparent inconsistency between a contextual factor’s
impact on the patient and its corresponding impact on regional
outcome variations may be explained by the fact that a variable must satisfy three requirements to be important for riskadjustment purposes: first, it must be strongly associated with
the outcome of interest; second, the variable cannot be highly
correlated with other factors already represented in the model;
and, third, the variable must be prevalent and vary sufficiently
across jurisdictions. To summarize, contextual community and
hospital characteristics exert modest effects at the individualpatient level but do not appear to vary substantially enough
across communities to exert sufficient impact on regional outcome variations.
What, then, accounts for interjurisdictional variations in
outcomes post-AMI? Several hypotheses exist. First, available
evidence has demonstrated that variations in risk factor profiles may account for regional variations in cardiovascular outcomes across Canada. For example, cardiovascular researchers
recently demonstrated that 42% of the regional variation in
cardiovascular disease mortality in Canada is explained by
variations in the prevalence of traditional cardiac risk factors –
most notably, smoking and obesity (10). Indeed, the incremental effects of social and other community determinants of
health on their ability to account for cardiovascular disease
mortality variations, beyond traditional cardiac risk factors,
were marginal and consistent in relative magnitudes with the
corresponding variations explained by similar factors in our

study (10). Traditional cardiac risk factors, such as diabetes,
have been shown to be important determinants of cardiovascular prognosis following AMI (23). Second, inter-regional
outcome variations may be explained by differences in the
prevalence of comorbidities or post-AMI complications, such
as renal failure and congestive heart failure – two factors that
have been demonstrated as important independent determinants of mortality and readmissions following AMI (7,23).
Third, interjurisdictional outcome variations may be explained
by differences in processes of care, such as delays in presentation, door-to-needle times or use of in-hospital pharmacotherapies (24), notwithstanding the fact that neither variations in
specialty service supply (ie, as defined by the proportion of
patients admitted to hospitals with on-site catheterization or
revascularization capacity) nor variations in revascularization
rates themselves accounted for the majority of outcome variations in readmission rates post-AMI in our study. Nonetheless,
one might postulate that evidence-based therapies, such as
beta-blockers and/or statins, may exert greater influence on
inter-regional AMI outcome variations given that such therapies likely impact population survival more than interventions
alone (11). To summarize, the regional AMI outcome disparities
are likely attributable to a combination of patient and process
factors, which include differences in risk factor profiles, health
status, health care-seeking behaviours, compliance, health care
delivery and random variation.
The present study has important health policy implications. Given the complexity associated with regional outcome variations, policy-makers must incorporate multiple
factors into health care system funding and allocation
processes. An over-reliance on macro-level community
sociodemographic, ethnoracial, geographical and/or institutional characteristics, without adequate consideration given
to more detailed patient-level and clinical provider-level factors, may jeopardize the validity of health system evaluation
and planning exercises. It follows that improvements in data
detail and quality (in regards to clinical detail and
patient/provider perspectives) is imperative if policy-makers
are to understand which initiatives are best required to target
higher risk regions. For example, if post-AMI outcome variations were to be attributable to differences in the prevalence
of traditional risk factors, then health promotion strategies
that target risk factor prevention and modification may serve
as the main policy initiative in both reducing the incidence
of cardiovascular disease (10) and improving prognosis subsequent to the onset of cardiovascular disease.
Interpretative cautions
There are several noteworthy limitations to the present study.
First, our analyses adjusted for only two patient factors (age
and sex). Additional adjustment for differences in comorbidity
may have altered our results. Nonetheless, available evidence
has demonstrated a strong correlation between regional riskadjustment techniques, which incorporate multiple comorbid
factors, with those that include age and sex alone. Second, we
limited our evaluation to a cohort of patients with AMI. One
may reasonably hypothesize that the importance of contextual
factors may differ following the establishment of cardiovascular
disease, given that such factors exert differential effects on cardiovascular prognosis than they do on cardiovascular incidence. Notwithstanding, one recent study (10) demonstrated
that most variations in cardiovascular mortality across health
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regions were explained by variations in the prevalence of traditional risk factors (particularly smoking and obesity); only a
modest variation (ie, less than 5%) was explained by a region’s
socioeconomic profile. Such results reaffirm the lack of importance of neighbourhood socioeconomic/ethnicity characteristics on inter-regional outcome differences (12). Third, AMI
cohorts in British Columbia included patients who died in the
emergency room before admission and, therefore, deviated in
eligibility from the cohorts in other provinces. These differences in cohort design may partially explain some of the inconsistencies in the associations between ecological factors and
outcomes in British Columbia when compared with the associations in other provinces.

CONCLUSIONS
While community and hospital contextual characteristics are
associated (to varying extents) with individual outcomes postAMI, they collectively account for only a modest or negligible
degree of outcome variations across jurisdictions. Further
research is required to better elucidate which patient and
provider factors best account for inter-regional outcome variations after AMI.
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Chapter 14: Regional outcomes of heart failure in Canada
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BACKGROUND: Heart failure is a condition associated with significant 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 morbidity databases from fiscal years 1997/1998 to 1999/2000. The demographics, 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 average, 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 readmission rates
for this condition are high and exhibit variation among health
regions and provinces. Factors contributing to regional variations in
these outcomes merit further study.

Key Words: Health services research; Heart failure; Hospital
mortality; Hospitalization; Regional variation

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 posthospitalisation 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-etLabrador (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.
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eart failure is associated with significant morbidity,
mortality 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 demographic 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 prognosis 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
failure; in one study, approximately 40% of patients were
readmitted for this reason (11). Therefore, heart failure has
significant implications from the perspective of hospital
resource use. Although one prior study found that geographical 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 variations and the underlying factors associated with the
variations is important because a significant proportion of
readmissions may be preventable with improved discharge
planning, access to social support, multidisciplinary ambulatory medical care and enhanced compliance with therapeutic regimens (15-17).
Because there is a paucity of regional population-based
outcomes data pertaining to heart failure in Canada, and
variations 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.

H

METHODS
Data sources
Anonymously rendered records pertaining to incident hospitalizations 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.
112

Cohort identification
An incident heart failure cohort was developed that combined
data for fiscal years 1997/1998 to 1999/2000 to provide stable
estimates 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), without 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 analysis 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 distribution 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 calculated by comparing provincial/regional rates with the rate for
Canada overall. Age- and sex-adjusted mortality rates were compared with risk-adjusted mortality rates (adjusted for age, sex and
comorbidities, including cerebrovascular disease, peripheral vascular 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 riskadjusted mortality rates at the health region level (correlation
coefficient, r=0.918), only age- and sex-adjustment were performed 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 sexadjusted 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
from the hospital to which the patient was transferred. Age- and
sex-adjusted mortality or readmission rates of provinces and
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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
Province

20-54

Women (age [years])
55-64 65-74 75-84
85-89

90+

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
Total

Mortality

Women (age [years])
Total 20-49 50-64 65-74 75+

Men (age [years])
20-49 50-64 65-74 75+

Alberta

135

242

622

1203

531

370

3103

1997/1998

9.5

3.6

4.2

4.4

12.7

1.4

3.0

6.0

12.8

BC

186

326

992

2062

986

600

5152

1998/1999

9.6

2.9

2.6

5.4

12.9

2.8

2.4

5.7

13.2

Manitoba

86

135

374

798

390

294

2077

1999/2000

9.3

1.3

3.0

6.0

12.2

2.9

3.4

5.4

12.5

New Brunswick

80

102

294

540

261

198

1475

Total

9.5

2.6

3.3

5.3

12.6

2.4

2.9

5.7

12.8

NFL

40

90

230

402

127

71

960

203

1571

Nova Scotia

Data from the Canadian Institute for Health Information

48

107

290

620

303

670

1289

3548

6280

3012

10

27

48

91

46

31

338

673

1949

3410

1497

1008

8875

67

115

396

773

425

272

2048

1660

3106

8743

16,179

7578

2.0

3.7

10.5

19.4

9.1

6.1

55-64

Men (age [years])
65-74 75-84 85-89

10,272

20-54

90+

Total

Manitoba

4061

Alberta

240

418

875

1114

332

186

3165

New Brunswick

2789

BC

288

522

1325

2007

691

287

5120

Newfoundland/Labrador

Manitoba

105

221

533

729

264

132

1984

Nova Scotia

New Brunswick

85

161

368

496

139

65

1314

Ontario

NFL

64

112

282

379

103

43

983

Nova Scotia

84

176

365

528

162

65

1380

1088

2014

4715

5719

1730

19

32

76

92

21

Quebec

588

1233

2768

2903

803

344

8639

Saskatchewan

100

220

540

841

303

148

2152

5109 11,847

14,808

4548

17.8

5.5

Ontario
PEI
Quebec
Saskatchewan
All provinces
Percentage
Province

Ontario
PEI

All provinces
Percentage

2661
3.2

6.1

14.2

2062 16,861
253

5109 42,375

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
Province
Alberta
British Columbia

777 16,043
11

251

Prince Edward Island
Quebec
Saskatchewan
All provinces

Volume
6268

Crude rate Age- and sex(%)
adjusted rate (%)
8.5

95% CI

8.6*

7.9–9.3

9.8

9.5

8.9–10.0

10.5

10.1

9.3–11.0

9.7

9.6

8.5–10.7

1943

11.6

11.9**

10.6–13.2

2951

12.0

11.6**

10.6–12.7

32,904

9.1

9.2

8.9–9.5

504

8.9

9.2

6.6–11.7

17514

9.7

10.0**

9.6–10.4

4200

7.9

7.5*

6.6–8.3

83,406

9.5

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

2058 41,031
2.5

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

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 hospitalizations occurring in 1999/2000 to coincide with the launch
year of the network. The presence of heart failure services was verified 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 dramatically 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, particularly 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 ageand 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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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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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 highest in young men, it was evident from the readmission plot in
Figure 2 that the vast burden of readmissions among heart failure 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 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

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
A Collection of Original Research Papers Published in The Canadian Journal of Cardiology
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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

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
year

Women (age [years])
Total 20-49 50-64 65-74

Men (age [years])
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

1998/1999

8.6

8.9

8.3

8.4

8.2

11.2

8.9

9.6

9.4
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

higher than the national average by 13%, 9% and 8%, respectively. 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
116

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 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
Province

Volume

30-day readmission
Readmission rate
95% CI

90-day readmission
Readmission rate
95% CI

One-year readmission
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

29,898

8.9

8.6–9.3

14.3

13.9–14.7

23.6

23.1–24.1

459

8.5

5.9–11.1

14.4

11.2–17.6

24.0

20.1–27.9

6.5*

6.0–6.9

11.8*

11.2–12.3

21.2*

20.5–21.8

3871

9.2

8.3–10.1

15.2**

14.1–16.3

26.3**

25.0–27.7

75,507

8.7

Ontario
Prince Edward Island
Quebec
Saskatchewan
All provinces

15,813

14.1

23.6

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

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-SaintLaurent, 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 outpatient 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 examined, 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 hospitalization, 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 hospitalization. Among patients who survived to hospital discharge,
24% were readmitted for heart failure within one year. The overall 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 previous warnings that an epidemic of heart failure should be
anticipated (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 readmissions 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 postdischarge, 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 differences (data not shown). Thus, despite the intentionally conservative nature of our analysis, there were still significant
regional differences in outcome.
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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 indication
for heart failure hospitalization. However, when we excluded
elective hospitalizations from our analysis, the readmission 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 available 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 limitations, 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 hospitalization 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-ofprovince.

CONCLUSIONS
In conclusion, our findings suggest that the burden of heart
failure is high, and as the proportion of elderly in the population increases, the future implications for our health care system will be great. There were demonstrable variations in the
rates of in-hospital death and readmission after the index hospital 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
24

Risk-adjusted rate (%)

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
in outcomes may include patient characteristics and processes
of care during the index hospitalization, which may vary geographically (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 multidisciplinary 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 institutions. This association suggests that timely access to specialized 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 survival to hospital discharge may contribute to higher readmission 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 mortality rates over time might result in an excess of subsequent
hospitalizations and increased need for institutional resources.
Although observed geographical differences may reflect differences in diagnostic and therapeutic practice patterns, physicianlevel 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 readmission, and our study confirmed that
regions in close proximity to such clinics are associated with
lower readmission rates. Greater vigilance in outpatient care

correlation coefficient=0.918,
P <0.00001
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Parts of this material are based on data and information provided by
the Canadian Institute for Health Information. However, the analyses, 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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Le traitement pharmacologique de
l’insuffisance cardiaque congestive au Canada :
Une description des soins dans cinq provinces

INTRODUCTION: Congestive heart failure (CHF) is responsible
for significant morbidity, mortality and health resource consumption.
There have been major advances in the treatment of this condition
over the past two decades, yet little information is currently available
regarding the current status of CHF management in Canada.
OBJECTIVE: To describe the pharmacological management of
patients hospitalized with CHF in five provinces: Alberta, British
Columbia, Nova Scotia, Ontario and Quebec.
DESIGN AND METHODS: Administrative data sources were used
to identify all consecutive patients hospitalized with a principal diagnosis of CHF and discharged alive in the provinces of Alberta, British
Columbia, Quebec and Ontario. Rates of use of prespecified medications at 30 days after hospital discharge were obtained for patients
65 years of age and older by linkage of their hospital records with drug
benefit plans in these provinces. For Nova Scotia, the disease-specific
registry of the Improving Cardiovascular Outcomes in Nova Scotia
(ICONS) study was used to obtain discharge medications of individuals consecutively hospitalized with a diagnosis of CHF. Where available, data were acquired from 1997 to 2002.
RESULTS: Data were obtained for a total of 115,037 patients in the
five provinces over the five-year period. Overall, 54.9% of patients
received an angiotensin-converting enzyme inhibitor at or 30 days
after hospital discharge, with minimal change in prescription rates over
the five-year period. Beta-blocker prescription rates increased steadily
during the study, more than doubling from 15.0% in 1997/1998 to
32.0% in 2001/2002. Spironolactone use increased dramatically, with
only 2.2% of patients receiving this medication in 1997/1998 compared with 18.7% in 2001/2002. The rates of digoxin prescription
decreased each year, while the use of angiotensin receptor blockers
increased slightly throughout the observation period.
CONCLUSIONS: While the use of evidence-based treatment for CHF
in Canada is increasing and is currently at levels similar to those
reported in other developed countries, there is still the potential in every
province for further improvement.

INTRODUCTION : L’insuffisance cardiaque congestive (ICC) est
responsable d’une morbidité, d’une mortalité et d’une consommation de
ressources de santé significatives. Des progrès marqués ont été réalisés
dans le traitement de cette maladie depuis vingt ans, mais on possède peu
d’information sur l’état actuel de la prise en charge de l’ICC au Canada.
OBJECTIF : Décrire la prise en charge pharmacologique de patients
hospitalisés par suite d’une ICC dans cinq provinces : l’Alberta, la
Colombie-Britannique, la Nouvelle-Écosse, l’Ontario et le Québec.
MÉTHODOLOGIE : Des sources de données administratives ont été
utilisées pour repérer tous les patients consécutifs hospitalisés pour un
diagnostic principal d’ICC et encore vivants à leur congé dans les
provinces de l’Alberta, de la Colombie-Britannique, du Québec et de
l’Ontario. Les taux d’usage de médicaments préétablis le 30e jour suivant
le congé de l’hôpital ont été obtenus pour les patients de 60 ans ou plus
en reliant le dossier hospitalier au régime d’assurance-médicaments de ces
provinces. En Nouvelle-Écosse, le registre propre aux maladies de l’étude
ICONS (sur les issues cardiovasculaires allant en s’améliorant) a été
utilisé pour déterminer les médicaments pris au congé par des personnes
hospitalisées consécutivement avec un diagnostic d’ICC. Lorsqu’elles
étaient disponibles, les données ont été colligées entre 1997 et 2002.
RÉSULTATS : Des données ont été obtenues à l’égard de 115 037 patients
des cinq provinces au cours de la période de cinq ans. Dans l’ensemble,
54,9 % des patients prenaient un inhibiteur de l’enzyme de conversion de
l’angiotensine au congé hospitalier ou le 30e jour suivant; ils ont subi des
modifications minimales de leurs taux de prescription pendant la période
de cinq ans. Les taux de prescription de béta-bloquants ont augmenté
régulièrement tout au long de l’étude. En effet, ils ont plus que doublé,
passant de 15,0 % en 1997-1998 à 32,0 % en 2001-2002. Le recours à la
spironolactone a augmenté de manière remarquable, seulement 2,2 % des
patients en prenant en 1997-1998, par rapport à 18,7 % en 2001-2002.
Les taux de prescription de digoxine ont diminué chaque année, tandis
que le recours aux antagonistes des récepteurs de l’angiotensine a
légèrement augmenté pendant la période d’observation.
CONCLUSIONS : Bien que le recours à des traitements contre l’ICC
fondés sur des faits probants augmente au Canada et qu’il atteigne des
taux similaires à ceux déclarés dans les autres pays industrialisés, il y a
place à l’amélioration dans chacune des provinces.

Key Words: Congestive heart failure; Drug use; Quality of care
Departments of 1Medicine, and 2Community Health and Epidemiology, Dalhousie University, Halifax, Nova Scotia; 3Institute for Clinical
Evaluative Sciences, Toronto, Ontario; 4Division of Cardiology and Centre for Health Evaluation and Outcome Sciences, University of British
Columbia, Vancouver, British Columbia; 5McGill University Health Centre and the Montreal General Hospital Research Institute, Montreal,
Quebec; 6Health Surveillance Branch, Alberta Health and Wellness; 7Department of Public Health Sciences, University of Alberta, Edmonton;
8Department of Community Health Sciences, University of Calgary, Calgary, Alberta; 9Division of General Internal Medicine, Sunnybrook
and Women’s College Health Sciences Centre, Toronto, Ontario
Correspondence: Dr Jafna L Cox, Division of Cardiology, Queen Elizabeth II Health Sciences Centre, New Halifax Infirmary Site, Room 2147,
1796 Summer Street, Halifax, Nova Scotia B3H 3A7. Telephone 902-473-7811, fax 902-473-8616, e-mail coxjl@is.dal.ca
Reprints: Ms Sharon Van Ihinger, G106–2075 Bayview Avenue, Toronto, Ontario M4N 3M5. Telephone 416-480-6100 ext 3119,
e-mail vanihinger@ices.on.ca
Received for publication January 14, 2005. Accepted January 26, 2005
120

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

Treatment of CHF in Canada

ongestive heart failure (CHF) is a growing health care burden that is associated with substantial morbidity, mortality
and health care costs (1-4). A recent study from Framingham
(5) suggests that the lifetime risk of developing CHF is approximately 20% for both men and women. Once CHF is diagnosed, the median survival with CHF is 1.7 years for men and
3.2 years for women (5). In light of these statistics, it is of particular concern that CHF is the one cardiovascular disorder
whose incidence is clearly increasing (6). Between 1979 and
1988, CHF deaths increased by 135%, while hospital discharges increased by more than 2.5-fold in the United States
(7). Several recent publications (8-12) have shown that the
burden is also high in Canada.
CHF is becoming increasingly prevalent for several reasons. Success in treating more acute cardiovascular diseases,
such as myocardial infarction, has resulted in larger numbers
of patients surviving to develop chronic conditions, such as
CHF (13). Another contributing factor is that people are
experiencing greater longevity and are thereby becoming more
susceptible to age-related afflictions, including CHF. Indeed,
population-based studies (10,14) have found that the majority
of patients hospitalized with CHF are over 65 years of age.
Thus, even if the incidence of CHF is static (15) or possibly
decreasing (16), the aging population will lead to an increasing
prevalence of this condition in the future.
However, there have been dramatic advances in the pharmacological treatment of CHF over the past two decades.
Currently, ideal management of CHF, as recommended by
recent clinical guidelines (17,18), involves therapy with multiple drugs. Angiotensin-converting enzyme (ACE) inhibitors
and beta-blockers have been shown to decrease mortality and
morbidity in patients with CHF (19-26), and digoxin decreases
rehospitalization of these patients (27). Those with more
severe symptoms who have the diuretic spironolactone added
to their regimen have also been shown to have a reduction in
mortality (28). Other drugs that may provide further clinical
benefits include warfarin and loop diuretics. For patients
whose CHF resulted from ischemic heart disease, additional
drugs might include acetylsalicylic acid, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (ie, statins) and
nitrates. Thus, a patient with CHF might require up to eight or
more cardiovascular drugs, independent of any additional
treatments for other comorbid conditions.
Notwithstanding the importance of CHF, the availability of
efficacious treatments and the promulgation of national consensus guidelines that outline ideal management (17,18), little
information is available regarding the current status of acute
and chronic CHF management in Canada. The few studies that
exist (29-31) describe the practice from almost a decade ago or
focus only on ACE inhibitor use. Accordingly, our objective in
the present study was to examine and compare the contemporary process of pharmacological care relating to CHF across several provinces in Canada. While we recognize the increasing
importance of other aspects of CHF therapy, including device
therapy and CHF clinics, they are beyond the scope of the present work.

C

METHODS
Study population and data collection process
The methods used to create the study cohorts were similar in
Quebec, Ontario, Alberta and British Columbia, while different
data sources were used in Nova Scotia. Patients admitted in

Quebec with a most responsible discharge diagnosis of CHF
(International Classification of Diseases, 9th Revision [ICD-9] [32]
code 428) between April 1, 1997, and March 1, 2001, were identified in the Maintenance et Exploitation des Données pour l’Étude
de la Clientèle Hospitalière database. The Canadian Institute for
Health Information database was used to identify patients admitted
with this diagnosis in Ontario and Alberta, and data were available
for fiscal years 1997/1998 to 2001/2002. Patients hospitalized with
CHF (ICD-9 code 428) in British Columbia were identified from
the British Columbia hospitalization database, with data available
for fiscal years 1997/1998 to 2000/2001. The Improving
Cardiovascular Outcomes in Nova Scotia (ICONS) registry (33)
was used to create a comparable cohort of elderly patients with
CHF admitted in Nova Scotia, with data available from the start
of that project on October 15, 1997, through to the end of the
2001/2002 fiscal year. All residents of Nova Scotia hospitalized
with a clinical diagnosis of CHF (comparable with ICD-9
code 428) are included in the ICONS registry. All provincial
cohorts excluded individuals younger than 65 years of age or older
than 105 years of age, nonresidents of the respective provinces
and transfers from another acute care hospital to avoid double
counting of patients.
Using unique, encrypted health card numbers, the data for each
cohort from Quebec, Ontario, Alberta and British Columbia were
linked with the drug claims database in the respective province.
The databases included la Régie de l’assurance maladie du Québec,
the Ontario Drug Benefit Program, the British Columbia
PharmaCare Plan, and the Alberta Health and Wellness Drug
Benefit Plan. These databases contain information on all outpatient prescriptions filled for all elderly (aged 65 years and over)
individuals who are enrolled in their respective provincial drug
plans, amounting to approximately 97% of elderly individuals in
Quebec and virtually 100% in Ontario, Alberta and British
Columbia. Thus, the analyses in the present study were restricted
to the subset of patients who were 65 years of age and older at the
time of admission, and who survived their initial hospitalization for
CHF. Because CHF is generally a highly symptomatic disease, it
was postulated that a 30-day window following hospital discharge
was a reasonable amount of time for such therapy to have been initiated and the relevant prescriptions filled. For patients hospitalized in Nova Scotia, the only available drug information concerned
medications prescribed at discharge rather than prescriptions actually filled. Thus, drug use rates reflect prescriptions reimbursed
through a provincial drug benefit program at 30 days in Ontario,
Quebec, Alberta and British Columbia, and medications prescribed
at discharge in Nova Scotia.
The specific drug classes analyzed were beta-blockers, ACE
inhibitors and angiotensin receptor blockers (ARBs), and the
specific drugs analyzed were digoxin and spironolactone. The
selection of these drugs was directed by the results of a recent
Canadian consensus panel that determined that these medications represented indicators of the quality of care for patients
with CHF (34).

Data presentation
Annual rates of drug use for CHF were calculated by province to
illustrate the changing temporal and provincial trends in CHF
pharmacotherapy over the five-year study period. For combination
products, such as those containing a beta-blocker, ACE inhibitor
or ARB combined with a diuretic, each individual drug was
included in the total numbers for the single entity drug product.
Due to the different data sources and collection methods, results
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ACE inhibitor
Beta-blocker
Digoxin
Spironolactone
ARB
Diuretic

1997/1998*
n=19,966
10,629 (53.2%)
2994 (15.0%)
6968 (34.9%)
447 (2.2%)
577 (2.9%)
14,068 (70.5%)

1998/1999
n=26,833
14,669 (54.7%)
5319 (19.8%)
9697 (36.1%)
800 (3.0%)
1314 (4.9%)
19,996 (74.5%)

1999/2000
n=26,204
14,511 (55.4%)
6713 (25.6%)
8974 (34.2%)
3536 (13.5%)
1535 (5.9%)
19,434 (74.2%)

2000/2001
n=26,447
14,839 (56.1%)
8480 (32.1%)
8264 (31.2%)
4903 (18.5%)
1642 (6.2%)
20,001 (75.6%)

2001/2002*
n=15,587
8478 (54.4%)
4995 (32.0%)
4443 (28.5%)
2907 (18.7%)
1043 (6.7%)
11,469 (74.6%)

1997/1998
1998/1999
1999/2000
2000/2001
2001/2002

Prescription rate

60

ACE inhibitor
Beta-blocker
Digoxin
Spironolactone
ARB
Diuretic

50
40
30
20
10

NOVA SCOTIA*
74 (6.3%)‡
131 (5.3%)
146 (6.6%)
154 (6.9%)
132 (8.6%)

ONTARIO
366 (3.0%)
463 (4.0%)
519 (4.5%)
598 (5.1%)
718 (6.3%)

QUEBEC†
515 (8.0%)
591 (9.6%)
628 (9.9%)

10
8

NOVA SCOTIA
QUEBEC

6

ONTARIO
ALBERTA

4

BC
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0
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Figure 1) Medication use by year. Note: Quebec data are grouped
with the next fiscal year (ie, 1998 data are in the 1998/1999 column).
*Quebec data are not available for 1997/1998; Quebec and British
Columbia data are not available for 2001/2002. ACE Angiotensinconverting enzyme; ARB Angiotensin receptor blockers

Rate of ACE inhibitor prescription

Rate of ARB p rescription

70

ALBERTA
951 (42.4%)
855 (39.6%)
903 (44.6%)
885 (43.4%)
1089 (41.0%)

B.C.
1898 (43.5%)
1882 (43.4%)
1889 (43.7%)
1821 (43.6%)

NOVA SCOTIA*
708 (60.2%)‡
1420 (63.3%)
1442 (65.6%)
1547 (69.4%)
1049 (68.1%)

ONTARIO
7072 (58.1%)
6705 (57.7%)
6698 (58.1%)
6768 (58.2%)
6340 (55.7%)

QUEBEC†
3807 (58.9%)
3579 (58.3%)
3818 (59.9%)

80
70
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50

Figure 3) Thirty-day angiotensin receptor blocker (ARB) use by
province and year. *Use rates at discharge; †Calendar year;
‡1997/1998 Nova Scotia data are based on a six-month period starting
in October 1997. BC British Columbia

doubling from 15.0% in 1997/1998 to 32.0% in 2001/2002.
Likewise, spironolactone use increased dramatically, with only
2.2% of patients receiving this medication in 1997/1998 compared with 18.7% in 2001/2002. Rates of digoxin prescription, by
contrast, decreased slightly over time, falling from 34.9% in
1997/1998 to 28.5% in 2001/2002, depending on the province.
Use of ARBs, a newer class of drugs, increased slightly throughout the study period.

NOVA SCOTIA
QUEBEC

40

ONTARIO

30

ALBERTA

20

BC

10
0
1997/1998 1998/1999 1999/2000 2000/2001 2001/2002

Year

Figure 2) Thirty-day angiotensin-converting enzyme (ACE) inhibitor
use by province and year. *Use rates at discharge; †Calendar year;
‡1997/1998 Nova Scotia data are based on a six-month period starting
in October 1997. BC British Columbia
are presented using simple descriptive statistics for the purpose of
comparing among provinces. Tests of significance are not provided.
Furthermore, age and sex breakdowns are not reported because the
results of those analyses will be reported in a separate manuscript
dealing with biases in care.

RESULTS
Data were obtained for a total of 115,037 patients with CHF
discharged alive in the provinces of Nova Scotia (9388),
Quebec (18,974), Ontario (58,352), Alberta (11,129) and
British Columbia (17,194).
CHF drug use by year
Pooled drug use data from all five provinces are presented in
Figure 1. Overall, 54.9% of patients received an ACE inhibitor,
with slight increases from 1997/1998 to 2000/2001 and then a
slight decrease in 2001/2002. In contrast, beta-blocker prescription rates increased steadily over the five-year period, more than
122

B.C.
70 (1.6%)
104 (2.4%)
151 (3.5%)
149 (3.6%)

12

80

1997/1998
1998/1999
1999/2000
2000/2001
2001/2002

ALBERTA
67 (3.0%)
101 (4.7%)
128 (6.3%)
113 (5.5%)
193 (7.3%)

CHF drug use by province
Rates of ACE inhibitor use varied considerably across
provinces (Figure 2), with the highest rates observed in Nova
Scotia, followed closely by Quebec, and the lowest rates seen
in Alberta. Between 1997/1998 and 2000/2001, ACE inhibitor
use increased slightly each year in Nova Scotia, from 60.2% to
69.4%, before dropping slightly to 68.1% in 2001/2002. Rates
were relatively constant over the study years in the other
provinces. They ranged from 58.3% to 59.9% in Quebec,
55.7% to 58.2% in Ontario, 43.4% to 43.7% in British
Columbia and 39.6% to 44.6% in Alberta.
ARB prescriptions increased sharply in all provinces over
time in relative terms, but absolute rates remained low everywhere, especially by comparison with the other drug classes
(Figure 3).
Beta-blocker prescriptions increased each year in all
provinces by similar rates (Figure 4). However, use was much
higher in Nova Scotia in all years, with rates many times higher
than those documented elsewhere. Thus, beta-blocker prescription rates at discharge in Nova Scotia were 41.4% in
1997/1998 and climbed to 66.3% by 2001/2002. The highest
rates documented in the other provinces were 37.0% in
Quebec and 30.1% in British Columbia in 2000/2001, and
30.1% in Ontario and 20.4% in Alberta in 2001/2002.
Spironolactone use rose sharply in all provinces, especially
between 1998/1999 to 1999/2000 (Figure 5). The highest rates
of spironolactone prescription were observed in British
Columbia, where use rose from 2.7% in 1997/1998 to 22.6% in
2000/2001. The lowest rates were seen in Nova Scotia, where
only 13.7% of patients were prescribed this drug in 2001/2002.
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ALBERTA
157 (7.0%)
158 (7.3%)
252 (12.5%)
341 (16.7%)
542 (20.4%)

B.C.
862 (16.1%)
1009 (19.7%)
1214 (24.0%)
1484 (30.1%)

NOVA SCOTIA*
487 (41.4%)‡
970 (43.2%)
1170 (53.2%)
1348 (60.5%)
1021 (66.3%)

ONTARIO
1488 (12.2%)
1714 (14.7%)
2280 (19.8%)
2950 (25.4%)
3432 (30.1%)

QUEBEC†
1468 (22.7%)
1797 (29.3%)
2357 (37.0%)

1997/1998
1998/1999
1999/2000
2000/2001
2001/2002

ALBERTA
38 (1.7%)
40 (1.9%)
204 (10.1%)
313 (15.3%)
423 (15.9%)

B.C.
117 (2.7%)
163 (3.8%)
603 (14.0%)
945 (22.6%)

NOVA SCOTIA*
13 (1.1%)‡
48 (2.1%)
255 (11.6%)
323 (14.5%)
211 (13.7%)

QUEBEC†
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1716 (14.9%)
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In contrast with the prescription rates of the other drugs
examined, digoxin prescription rates decreased modestly over
time (Figure 6). Digoxin use was highest in Quebec and
Ontario, with rates of 43.3% in Quebec in 1998/1999 and
39.3% in Ontario in 1997/1998. The lowest rates were seen in
Alberta, where 22.0% of patients were receiving this drug in
1997/1998.

DISCUSSION
The past 15 years have seen dramatic changes in the evidencebased management of CHF. Only a generation ago, digoxin
and diuretics were the mainstay of therapy for patients with
CHF. While these medications are still frequently used, several
large, randomized controlled trials (19-26,28) have been published demonstrating clear mortality benefits of, most notably,
ACE inhibitors, beta-blockers and spironolactone. These
drugs have now become the standard of care in the management of patients with CHF and their use is an indicator of the
quality of care provided to such patients (34).
ACE inhibitors were first shown to decrease morbidity and
mortality among patients with CHF due to systolic dysfunction
in the late 1980s, a benefit that has been reproduced in many
subsequent large trials (19-22). It is somewhat surprising, given
the weight of this evidence, that ACE inhibitors were only
prescribed in just over one-half of patients discharged alive
from hospital after an admission for CHF as recently as
2001/2002. Because ACE inhibitors primarily benefit patients
whose CHF is due to systolic left ventricular dysfunction, and
the administrative data sets used in the present study do not
allow for the differentiation of patients with systolic versus
diastolic heart failure, it is possible that a relatively higher
number of ‘ideal’ patients for ACE inhibitors are in fact receiving such therapy. In contrast, ischemic heart disease remains a
major cause of both systolic and diastolic dysfunction, is the
major contemporary cause of CHF and independently merits
treatment with an ACE inhibitor. Accordingly, higher rates of
ACE inhibitor use were anticipated. It must be noted that the
increasing use of ARBs during the study period means that
approximately 60% or more of the CHF population was at
least receiving some form of angiotensin-modifying treatment. It bears mentioning in this regard that any clinical trial

Figure 5) Thirty-day spironolactone use by province and year. *Use
rates at discharge; †Calendar year; ‡1997/1998 Nova Scotia data are
based on a six-month period starting in October 1997. BC British
Columbia

1997/1998
1998/1999
1999/2000
2000/2001
2001/2002

ALBERTA
496 (22.0%)
488 (22.6%)
502 (24.8%)
465 (22.8%)
612 (23.1%)

B.C.
1291 (29.6%)
1263 (29.1%)
1259 (29.1%)
1122 (26.9%)

NOVA SCOTIA*
400 (34.0%)‡
763 (34.0%)
690 (31.4%)
735 (33.0%)
416 (27.0%)

QUEBEC†

ONTARIO
4780 (39.3%)
4381 (37.7%)
4074 (35.3%)
3706 (31.9%)
3415 (30.0%)

2802 (43.3%)
2449 (39.9%)
2236 (35.1%)

50
Rate of digoxin p rescription

Figure 4) Thirty-day beta-blocker use by province and year. *Use
rates at discharge; †Calendar year; ‡1997/1998 Nova Scotia data are
based on a six-month period starting in October 1997. BC British
Columbia
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Figure 6) Thirty-day digoxin use by province and year. *Use rates at
discharge; †Calendar year; ‡1997/1998 Nova Scotia data are based on
a six-month period starting in October 1997. BC British Columbia

evidence for the benefit of ARBs in the CHF population has
really only appeared since 2001 (31,35-37) (ie, late in our
study time frame), and indeed the failure of the Evaluation of
Losartan in the Elderly (ELITE II) study (35) to show superiority of ARBs over ACE inhibitors would hardly have been
expected to stimulate greater adoption of the ARB drug class
before then. It should also be noted that although the combination of nitrates and hydralazine has been shown to be disease
modifying, it has been uncommonly used since the advent of
ACE inhibitors and ARBs and, thus, is not reported here.
Studies suggesting that beta-blockers might clinically benefit patients with CHF have also been available since the 1980s
(17,18), although many clinicians had difficulty accepting
these findings because the traditional thinking held that the
negative inotropy of beta-blockade would, in theory, worsen left
ventricular systolic dysfunction. The landmark trials (23-26)
that confirmed the morbidity and mortality benefits of betablocker therapy among patients with CHF are more recent.
The initial study (23) of the American carvedilol program was
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published in 1996, showing a mortality benefit among patients
with CHF treated with carvedilol. Several subsequent trials
(24-26) published in the late 1990s and early 2000s not only
underscored this clinical benefit but extended it to a broader
range of patients. The low rates of beta-blocker use in
1997/1998 may reflect physician skepticism about the original
beta-blocker studies, while the rapid uptake of this therapy in
subsequent years may be in response to the cumulating clinical
trial evidence. However, separate from issues surrounding the
evidence for beta-blocker use in the CHF population, and
specifically in patients with systolic dysfunction, beta-blocker
use is the mainstay of therapy for patients with ischemic heart
disease and, as already mentioned, ischemia has become the
most important etiology for the syndrome of CHF. One would,
therefore, expect that more patients with CHF would be prescribed beta-blockers than appears to be the case. One important factor that could be moderating perceived uptake is the
fact that this therapy is difficult to initiate in the setting of
CHF and, furthermore, there is little evidence for benefit if initiated during the acute presentation. Therefore, it is possible
that more patients with CHF across Canada could be receiving
this therapy, with therapy being initiated outside our 30-day
monitoring window.
Spironolactone use follows a similar pattern to that
observed with beta-blockers. Discharge prescription rates of
spironolactone rose dramatically, especially between
1999/2000 and 2001/2002. By contrast, use before 1999/2000
was low and only increased subsequent to the publication of
the Randomized Aldactone Evaluation Study (RALES) in
1999 (28), which showed that spironolactone use in the
patients more severely affected with CHF with left ventricular
systolic dysfunction (ie, New York Heart Association classes III
and IV) reduced mortality and cardiovascular morbidity.
Whereas digoxin has been shown to decrease hospitalization among patients with CHF, it has not been demonstrated
to influence mortality (27). The slight reduction in use of
digoxin over the five-year period studied may therefore reflect
a physician preference to substitute medications with a proven
mortality benefit. More likely, given that digoxin use curves
are the mirror image of beta-blocker use curves, the decrease in
digoxin use may reflect a physician drug selection bias in settings
where dual rate-control therapies might be problematic. In
other words, where heart rate lowering may be a concern,
physicians may be preferentially selecting beta-blockers with
their proven mortality benefit over digoxin.
The variation in pharmacotherapy seen across provinces – in
particular, in ACE inhibitor and beta-blocker use – merits
some additional discussion. These are the two most important
medical therapies presently available to treat CHF and are
advocated for both symptomatic and asymptomatic patients.
Both ACE inhibitor and beta-blocker therapy appear to be
used to a much greater extent in Nova Scotia than in the other
provinces studied, although rates of ACE inhibitor use in
Quebec and Ontario were not far behind. While it is difficult
to explain the much lower rates of use of these drugs in Alberta
and British Columbia, there may be at least three reasons why
their use is highest in Nova Scotia. The first reason has to do
with the fact that Nova Scotia has a single academic centre,
and the cardiology group in Halifax has featured prominently
in many of the multicentre, international heart failure studies
that have established the evidence for the pharmacotherapy
of CHF. Early adoption of evidence being disseminated by a
124

single academic institution with a unified message from its specialist opinion leaders may therefore be one explanation for
the relatively greater uptake in Nova Scotia. The second reason for the higher rates of ACE inhibitor and beta-blocker use
may relate to the impact of the ICONS study, which is a
province-wide disease management initiative that specifically
aimed to optimize the levels of use of evidence-based therapies
at hospital discharge in, among others, patients with CHF. The
third reason is that the rates for Nova Scotia reflect drugs prescribed at discharge, whereas those for the other provinces are
prescriptions actually filled 30 days following hospital discharge; this might account for part of the disparity in rates.
However, it seems highly unlikely that this would explain all of
the interprovincial variation in CHF pharmacotherapy
observed in the present study.
Regional trends in the use of spironolactone – the other
drug with the ability to impact mortality – are slightly different. Rates of use of this drug are highest in provinces with relatively lower ACE inhibitor use, but the reason for this
apparent inverse relationship is unclear, especially because
most patients who would qualify for spironolactone should
also qualify for ACE inhibitors. In all provinces, there seems
to be a plateau developing in spironolactone use. This is not
surprising because the drug is currently indicated only in those
patients with the most severe disease and it may be that a high
proportion of these patients are already being appropriately
targeted.
There are few contemporaneous data on the patterns of
medical treatment of CHF from other countries and fewer still
from Canada. Those that are available suggest that treatment
patterns in Canada differ minimally from those found elsewhere. Bungard et al (31) performed a systematic review of
articles assessing ACE inhibitor use in CHF and found that
rates of use among all patients with this condition ranged from
33% to 67%, with a median of 51%. Heckman et al (38)
described the management of CHF in Canadian long-term
care facilities. They found that 55% of residents surveyed
were prescribed an ACE inhibitor, although fewer than onehalf were receiving appropriate doses, with another 3%
receiving an ARB, 34% receiving digoxin, 32% receiving a
beta-blocker and 9% receiving spironolactone. A survey of
Medicare patients hospitalized with a primary diagnosis of
CHF found a rate of ACE inhibitor use of 54.7% in 1993 to
1994 (39) (ie, at levels similar to or greater than those
observed in some Canadian provinces almost a decade later).
A more recent survey (40) of practice patterns in several
European countries reported a rate of ACE inhibitor use of
60%. The same study also reported a rate of beta-blocker use
of 34%. In the United States, only 20% to 50% of patients
with CHF are currently receiving a beta-blocker (41). Data
regarding digoxin and spironolactone use are even more difficult to find. One study (42) of a managed care plan in North
Carolina reported that digoxin was used by 34% of enrolled
patients. In this same population, prescriptions for ACE
inhibitors were filled by 52%, for ARBs by 9% and for betablockers by 25% of patients. It is also important to point out
that reasonable drug use targets for any of the drugs reported
on herein have not been established for the purpose of quality
improvement initiatives. In more specialized settings, rates of
ACE inhibitor use in excess of 82% (43) and of beta-blocker
use of up to 75% (although only 69% remained adherent)
(44) have been registered.
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LIMITATIONS
There are important limitations to the present study, several of
which have been alluded to above. First, we have studied rates
of medication prescription in only five provinces of Canada.
However, these provinces are geographically representative
and there is no reason to believe that treatment should differ
substantially in the provinces not sampled. Second, the databases from the various provinces studied were relatively heterogeneous both in their design and in the time periods
covered, making comparisons difficult. However, it seems
unlikely that systematic biasing of the data contained in any of
these data sets could have prejudiced our results. Third, as
mentioned previously, for one of the provinces (Nova Scotia),
prescription rates at hospital discharge were substituted for prescription rates at 30 days following discharge, which were not
available through the ICONS database. It is likely that a proportion of these discharge prescriptions was not filled by
30 days and this could have overestimated the Nova Scotia
rates. However, in a disease that is as symptomatic as CHF, and
one in which the average age of affected persons is such that
drug costs are covered through private or public plans, it is
unlikely that significant numbers of prescriptions went
unfilled. Furthermore, there is also the possibility that some
patients did not have drugs started in hospital but rather within
30 days following discharge, in which case the Nova Scotia
rates could represent slight underestimates. In some cases,
delayed prescription of medication may have been appropriate
and, thus, systematically missed by limiting data gathering
only to medications prescribed at hospital discharge or the following 30 days. For example, patients who were not euvolemic
at hospital discharge may have been prescribed a beta-blocker
at a later date. Fourth, the study only examined the pharmacotherapy of CHF in patients 65 years of age and older.
However, to the extent that this represents approximately
three-quarters of patients with CHF, the findings should nevertheless be reasonably representative. Fifth, rates of hydralazine
and nitroglycerine in combination were not analyzed because
use was low and not reported in some databases. It should also
be mentioned that patients may have been on medications for
indications other than CHF; for example, those with a history
of coronary artery disease would probably be prescribed ACE
inhibitors and beta-blockers for secondary prevention of acute
coronary syndrome. Such patients may already have been prescribed these medications before the index CHF hospitalization. Sixth, as mentioned above, information was not
generally available on ejection fraction and, as such, patients
could not be characterized as having systolic versus diastolic

left ventricular dysfunction. Diastolic dysfunction is common,
yet there is little in the way of proven therapy for this condition. Thus, rates of drug use would be higher than reported
herein if it had been possible to define a population of patients
with systolic dysfunction that would have been more ‘eligible’
to receive the pharmacotherapy surveyed. Last, the use of
administrative data precludes our ability to fully understand
the clinical circumstances of each patient and there may have
been legitimate reasons for not initiating an evidence-based
medication, including known drug intolerances or real or perceived concerns regarding the potential for drug-related
adverse events. A major strength of the present work is the fact
that it provides a true population-based analysis of the management of patients with CHF across several Canadian
provinces and, as such, is the only major study of contemporary
national pharmacological practice available.

CONCLUSIONS
Overall management of CHF in the five Canadian provinces
studied appears to be similar, in aggregate, to what is being
reported elsewhere in the developed world. Although we may
be approaching optimal population-wide levels of ACE
inhibitor and spironolactone use, there may still be some room
for improvement in the prescribing of beta-blockers. More
interesting, however, is the extent of variation in pharmacological practice across Canada, the reasons for which remain
speculative. Clearly, more work is needed to appreciate
whether the variation in rates of drug use is resulting in corresponding differences in clinical outcome.
SUPPORT: Dr Cox receives salary support from a Canadian
Institutes of Health Research (CIHR)/Regional Partnership
Program Investigator Award and a Clinical Research Scholarship
from the Faculty of Medicine, Dalhousie University, Halifax,
Nova Scotia. Dr Lee is a Fellow of the CIHR/Heart and Stroke
Foundation of Canada. Dr Tu holds a Canada Research Chair in
Health Services Research. Dr Pilote is a Research Scholar of the
CIHR and a William Dawson Professor of Medicine at McGill
University, Montreal, Quebec. Dr Humphries is a Michael Smith
Foundation Scholar. The ICONS study was supported through a
nondirected educational grant from Merck Frosst Canada Inc, and
through in-kind support from the Queen Elizabeth II Health
Sciences Centre, Halifax, Nova Scotia, and the Nova Scotia
Department of Health. The current study is supported through an
Interdisciplinary Health Research Team Grant funded jointly by
the CIHR and Heart and Stroke Foundation of Canada.

REFERENCES
1. McMurray JJ, Petrie MC, Murdoch DR, Davie AP. Clinical
epidemiology of heart failure: Public and private health burden.
Eur Heart J 1998;19(Suppl P):P9-16.
2. Massie BM, Shah NB. Evolving trends in the epidemiologic factors
of heart failure: Rationale for preventive strategies and
comprehensive disease management. Am Heart J 1997;133:703-12.
3. Adams KF Jr. New epidemiologic perspectives concerning mild-tomoderate heart failure. Am J Med 2001;110(Suppl 7A):6S-13S.
4. O’Connell JB. The economic burden of heart failure. Clin Cardiol
2000;23(3 Suppl):III6-10.
5. Lloyd-Jones DM. The risk of congestive heart failure: Sobering
lessons from the Framingham Heart Study. Curr Cardiol Rep
2001;3:184-90.
6. Heart and Stroke Foundation of Canada. The Changing Face of
Heart Disease and Stroke in Canada 2000. Ottawa: Heart and Stroke
Foundation of Canada, 1999.

7. American Heart Association. 2001 Heart and Stroke Statistical
Update. Dallas: American Heart Association, 2000.
8. Johansen H, Strauss B, Arnold JM, Moe G, Liu P. On the rise:
The current and projected future burden of congestive heart failure
hospitalization in Canada. Can J Cardiol 2003;19:430-5.
9. Tsuyuki RT, Shibata MC, Nilsson C, Hervas-Malo M. Contemporary
burden of illness of congestive heart failure in Canada. Can J Cardiol
2003;19:436-8.
10. Howlett JG, Johnstone DE, Sketris I, O’Reilly M, Horne GS,
Cox JL; Improving Cardiovascular Outcomes in Nova Scotia
investigators. Identifying opportunities to address the congestive
heart failure burden: The Improving Cardiovascular Outcomes in
Nova Scotia (ICONS) study. Can J Cardiol 2003;19:439-44.
11. Jong P, Vowinckel E, Liu PP, Gong Y, Tu JV. Prognosis and
determinants of survival in patients newly hospitalized for heart
failure: A population-based study. Arch Intern Med 2002;162:1689-94.

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

125

Cox et al

12. Lee DS, Johansen H, Gong Y, Hall RE, Tu JV, Cox JL; Canadian
Cardiovascular Outcomes Research Team. Regional outcomes of
heart failure in Canada. Can J Cardiol 2004;20:599-607.
13. Coats AJ. Is preventive medicine responsible for the increasing
prevalence of heart failure? Lancet 1998;352(Suppl I):SI39-41.
14. Tu JV, Zhang H. Congestive heart failure outcomes in Ontario.
In: Naylor CD, Slaughter PM, eds. Cardiovascular Health and
Services in Ontario: An ICES Atlas. Toronto: Institute for Clinical
Evaluative Sciences, 1999:111-22.
15. Schaufelberger M, Swedberg K, Koster M, Rosen M, Rosengren A.
Decreasing one-year mortality and hospitalization rates for heart
failure in Sweden; Data from the Swedish Hospital Discharge
Registry 1988 to 2000. Eur Heart J 2004;25:300-7.
16. Roger VL, Weston SA, Redfield MM, et al. Trends in heart failure
incidence and survival in a community-based population. JAMA
2004;292:344-50.
17. Liu P, Arnold JM, Belenkie I, et al; Canadian Cardiovascular
Society. The 2002/3 Canadian Cardiovascular Society consensus
guideline update for the diagnosis and management of heart failure.
Can J Cardiol 2003;19:347-56.
18. Ontario Program for Optimal Therapeutics. Ontario Drug Therapy
Guidelines for Chronic Heart Failure in Primary Care. Toronto:
Queen’s Printer of Ontario, 2000.
19. The CONSENSUS Trial Study Group. Effects of enalapril on
mortality in severe congestive heart failure. Results of the
Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS). N Engl J Med 1987;316:1429-35.
20. The SOLVD Investigators. Effect of enalapril on survival in
patients with reduced left ventricular ejection fractions and
congestive heart failure. N Engl J Med 1991;325:293-302.
21. The SOLVD Investigators. Effect of enalapril on mortality and the
development of heart failure in asymptomatic patients with reduced
left ventricular ejection fractions. N Engl J Med 1992;327:685-91.
(Erratum in 1992;327:1768).
22. Jong P, Yusuf S, Rousseau MF, Ahn SA, Bangdiwala SI. Effect of
enalapril on 12-year survival and life expectancy in patients with
left ventricular systolic dysfunction: A follow-up study. Lancet
2003;361:1843-8.
23. Packer M, Bristow MR, Cohn JN, et al; US Carvedilol Heart
Failure Study Group. The effect of carvedilol on morbidity and
mortality in patients with chronic heart failure. N Engl J Med
1996;334:1349-55.
24. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic
heart failure: Metoprolol CR/XL Randomised Intervention Trial in
Congestive Heart Failure (MERIT-HF). Lancet 1999;353:2001-7.
25. CIBIS-II Investigators and Committees. The Cardiac Insufficiency
Bisoprolol Study II (CIBIS-II): A randomised trial. Lancet
1999;353:9-13.
26. Packer M, Fowler MB, Roecker EB, et al; Carvedilol Prospective
Randomized Cumulative Survival (COPERNICUS) Study Group.
Effect of carvedilol on the morbidity of patients with severe chronic
heart failure: Results of the carvedilol prospective randomized
cumulative survival (COPERNICUS) study. Circulation
2002;106:2194-9.
27. The Digitalis Investigation Group. The effect of digoxin on
mortality and morbidity in patients with heart failure. N Engl J
Med 1997;336:525-33.
28. Pitt B, Zannad F, Remme WJ, et al; Randomized Aldactone
Evaluation Study Investigators. The effect of spironolactone on
morbidity and mortality in patients with severe heart failure.
N Engl J Med 1999;341:709-17.

126

29. Tsuyuki RT, Ackman ML, Montague TJ; Clinical Quality
Improvement Network Investigators. Effects of the 1994 Canadian
Cardiovascular Society clinical practice guidelines for congestive
heart failure. Can J Cardiol 2002;18:147-52.
30. Clinical Quality Improvement Network Investigators. Mortality
risk and patterns of practice in 4606 acute care patients with
congestive heart failure. The relative importance of age, sex, and
medical therapy. Arch Intern Med 1996;156:1669-73.
31. Bungard TJ, McAlister FA, Johnson JA, Tsuyuki RT.
Underutilisation of ACE inhibitors in patients with congestive
heart failure. Drugs 2001;61:2021-33.
32. International Classification of Diseases, 9th Revision
(Clinical Modification). Washington: Public Health Service,
US Department of Health and Human Services, 1988.
33. Cox JL. Optimizing disease management at a health care system level:
The rationale and methods of the Improving Cardiovascular Outcomes
in Nova Scotia (ICONS) study. Can J Cardiol 1999;15:787-96.
34. Lee DS, Tran C, Flintoft V, Grant FC, Liu PP, Tu JV; Canadian
Cardiovascular Outcomes Research Team/Canadian Cardiovascular
Society Heart Failure Quality Indicator Panel. CCORT/CCS
quality indicators for congestive heart failure care. Can J Cardiol
2003;19:357-64.
35. Pitt B, Poole-Wilson PA, Segal R, et al. Effect of losartan compared
with captopril on mortality in patients with symptomatic heart
failure: Randomised trial – the Losartan Heart Failure Survival Study
ELITE II. Lancet 2000;355:1582-7.
36. Cohn JN, Tognoni G; Valsartan Heart Failure Trial Investigators.
A randomized trial of the angiotensin-receptor blocker valsartan in
chronic heart failure. N Engl J Med 2001;345:1667-75.
37. Granger CB, McMurray JJ, Yusuf S, et al; CHARM Investigators
and Committees. Effects of candesartan in patients with chronic
heart failure and reduced left-ventricular systolic function
intolerant to angiotensin-converting-enzyme inhibitors:
The CHARM-Alternative trial. Lancet 2003;362:772-6.
38. Heckman GA, Misiaszek B, Merali F, et al. Management of heart
failure in Canadian long-term care facilities. Can J Cardiol
2004;20:963-9.
39. The Large State Peer Review Organization Consortium. Heart
failure treatment with angiotensin-converting enzyme inhibitors in
hospitalized Medicare patients in 10 large states. Arch Intern Med
1997;157:1103-8.
40. Cleland JG, Cohen-Solal A, Aguilar JC, et al; IMPROVEMENT of
Heart Failure Programme Committees and Investigators.
Improvement programme in evaluation and management; Study
Group on Diagnosis of the Working Group on Heart Failure of The
European Society of Cardiology. Management of heart failure in
primary care (the IMPROVEMENT of Heart Failure Programme):
An international survey. Lancet 2002;360:1631-9.
41. Gheorghiade M, Gattis WA, O’Connor CM. Treatment gaps in the
pharmacologic management of heart failure. Rev Cardiovasc Med
2002;3(Suppl 3):S11-9.
42. Schmedtje JF Jr, Evans GW, Byerly W, et al. Treatment of chronic
heart failure in a managed care setting. Baseline results from the
Achieving Cardiac Excellence Project. N C Med J 2003;64:4-10.
43. Porcu M, Opasich C, Scherillo M, et al; Italian Network on
Congestive Heart Failure (IN-CHF) Investigators. Improving
practice patterns in heart failure through a national cardiological
network: The case of ACE-inhibitors. Ital Heart J 2002;3:730-7.
44. Gupta R, Tang WH, Young JB. Patterns of beta-blocker utilization
in patients with chronic heart failure: Experience from a specialized
outpatient heart failure clinic. Am Heart J 2004;147:79-83.

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

CCORT ATLAS PAPER

Chapter 16: Population rates of hospitalization for
atrial fibrillation/flutter in Canada
Karin H Humphries MBA DSc1, Cynthia Jackevicius BScPhm MSc FCSHP2,3,4, Yanyan Gong MSc3,
Larry Svensen BSc5,6, Jafna Cox MD FRCPC7,8, Jack V Tu MD PhD3,4,9, Andreas Laupacis MD FRCPC3,4,9,
for the Canadian Cardiovascular Outcomes Research Team

KH Humphries, C Jackevicius, Y Gong, et al, for the Canadian
Cardiovascular Outcomes Research Team. Population rates of
hospitalization for atrial fibrillation/flutter in Canada.
Originally published in Can J Cardiol 2004;20(9):869-876.
BACKGROUND: Atrial fibrillation (AF) is the most prevalent sustained cardiac dysrhythmia and constitutes a major public health
problem. AF significantly increases the risk of stroke, and anticoagulation has been shown to reduce this risk. However, Canadian data
on the prevalence of AF and the use of warfarin in these patients are
lacking.
METHODS: International Classification of Diseases, ninth revision,
codes for admissions to acute care hospitals in Canada were used to
estimate the prevalence of hospitalization for AF between
1997/1998 and 1999/2000, and subsequent readmissions for stroke in
all 10 provinces and overall in Canada. Warfarin use was obtained
by linkage with drug benefit plans in Alberta, British Columbia,
Nova Scotia and Ontario, for patients 65 years and older.
RESULTS: The overall rate of hospitalization with AF between
April 1, 1997, and March 31, 2000, was 582.7 per 100,000 population. The age- and sex-standardized rate rose from 513.4 to 555.3 during the three-year period of observation. The mean age was 74.4 years
and 51.8% of patients were male. Of those discharged alive, 2.7%
were readmitted for stroke within one year. Overall, less than onehalf of the patients with AF filled a prescription for warfarin within
90 days of discharge, with only a small increase in warfarin use over
the study time period.
CONCLUSIONS: The rate of hospitalization with AF is increasing
in Canada and is more frequent in men than in women across all age
groups. Consistent with reports from other countries, warfarin use
was lower than one might expect given its efficacy, with only a small
increase in use over time.

Key Words: Atrial fibrillation; Hospitalization; Stroke; Warfarin

trial fibrillation (AF) is the most prevalent sustained cardiac dysrhythmia. Evidence from the Cardiovascular
Health Study (1) and the Framingham Study (2) indicates that
the incidence of AF rises sharply with age. AF is currently estimated to affect six million Europeans and 2.3 million
Americans, and this number will continue to increase sharply
over the next few decades (3,4). With the ageing population,
AF constitutes a major public health problem.

A

Les taux démographiques d’hospitalisations
secondaires à une fibrillation ou à un flutter
auriculaire au Canada
HISTORIQUE : La fibrillation auriculaire (FA) est la dysrythmie
cardiaque soutenue la plus prévalente, et elle constitue un grave problème
de santé publique. La FA augmente le risque d’accident cardiovasculaire
(ACV) de manière significative, et il est démontré que l’anticoagulation
réduit ce risque. Cependant, on ne possède pas de données canadiennes
sur la prévalence de FA et sur l’usage de warfarine chez ces patients.
MÉTHODOLOGIE : La neuvième révision des codes de l’International
Classification of Diseases pour les admissions dans des hôpitaux de soins
aigus au Canada a été utilisée pour évaluer la prévalence
d’hospitalisations secondaires à une FA entre 1997-1998 et 1999-2000 et
pour les hospitalisations subséquentes imputables à un ACV dans les dix
provinces et dans l’ensemble du Canada. L’usage de warfarine a été obtenu
en faisant le lien avec les régimes d’assurance-médicaments de l’Alberta,
de la Colombie-Britannique, de la Nouvelle-Écosse et de l’Ontario pour
les patients de 65 ans et plus.
RÉSULTATS : Le taux global d’hospitalisations secondaires à une FA
entre le 1er avril 1997 et le 31 mars 2000 correspondait à 582,7 cas pour
100 000 habitants. Le taux normalisé selon l’âge et le sexe est passé de
513,4 à 555,3 au cours des trois années d’observation. L’âge moyen était
de 74,4 ans, et 51,8 % des patients étaient de sexe masculin. Parmi les
patients quittant l’hôpital en vie, 2,7 % ont été réhospitalisés par suite
d’un ACV dans un délai d’un an. Dans l’ensemble, moins de la moitié des
patients souffrant de FA ont rempli une ordonnance de warfarine dans les
90 jours suivant le congé, et seule une petite augmentation de l’usage de
warfarine a été remarquée pendant les trois années de l’étude.
CONCLUSIONS : Le taux d’hospitalisations secondaires à une FA
augmente au Canada et est plus fréquent chez les hommes que chez les
femmes de tous les groupes d’âge. Conformément aux comptes rendus
d’autres pays, l’usage de warfarine était plus faible que celui auquel on
aurait pu s’attendre compte tenu de son efficacité, et seulement une petite
augmentation a été dénotée au fil du temps.

Although AF can be asymptomatic, it causes palpitations,
impairs exercise tolerance, precipitates heart failure and triggers potentially fatal ventricular dysrhythmias. However, the
major concern with AF is the average four- to fivefold increased
risk of stroke (2). It has been estimated that 15% of strokes
occur in patients with AF, and strokes in these patients are
nearly twice as likely to be fatal than are strokes from other
causes (5). Patients with AF who survive a stroke have been
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TABLE 1
Characteristics of patients admitted with atrial fibrillation
(AF)/flutter from 1997/1998 to 1999/2000
Characteristics

Value

Mean age (median, interquartile range)

74.4 (76, 15)

Male (%)

51.8

Stroke/transient ischemic attack (%)

8.5

Congestive heart failure (%)

28.4

Diabetes (%)

16.1

Proportion with AF as the most responsible diagnosis (%)

21.6

N=251,277. Data from the Canadian Institute for Health Information

reported to stay in hospital longer, have increased disability,
and are more likely to have recurrent strokes (5,6).
Before 1989, there was no good evidence on which to base
decisions regarding antithrombotic therapy for patients with
AF. Since then, a number of high-quality randomized trials
have provided important information about the efficacy and
side effects of acetylsalicylic acid (ASA) and oral anticoagulation. The results of five randomized trials comparing oral anticoagulation with placebo control found that oral
anticoagulation decreases the frequency of stroke by approximately 67% (7). Results from randomized trials are not as consistent with respect to the efficacy of ASA. However, the best
evidence suggests that ASA decreases the relative risk of
stroke in patients with AF by approximately 22% (8-10). The
superiority of oral anticoagulation over ASA is supported by
the indirect comparisons mentioned above, as well as by headto-head trials that found approximately a 40% decrease in
stroke risk in those allocated to oral anticoagulation compared
with ASA (8,9,11).
Both oral anticoagulation and ASA increase the risk of
bleeding. However, the risk of a serious bleeding event associated with oral anticoagulation is almost twofold greater than
that associated with ASA (11). Oral anticoagulation is also
associated with the inconvenience of regular blood monitoring
and the need for some individuals to alter their lifestyle (8,9).
The decision of whether to use oral anticoagulation or
ASA depends on a patient’s risk of stroke without treatment,
the risk of a major bleed on oral anticoagulation and patient
preference. A number of risk stratification schemes have
been developed to determine the risk of stroke in patients
with AF (7,8,12-14). Increasing age (especially over
75 years), hypertension, heart failure, previous transient
ischemic attack (TIA) or stroke, and diabetes consistently,
although to varying degrees, increase the risk of stroke in
patients with AF.
Several studies suggest that the frequency of use of oral anticoagulation in patients with AF has increased in the 1990s.
However, oral anticoagulation still seems to be underused in
patients with AF, especially the elderly and other high-risk
patients (15-17).
In the present study, we describe the rate of hospitalization with AF in Canada from 1997/1998 through 1999/2000
using hospital discharge data from all 10 provinces. In
patients over 65 years of age, we further describe the proportion of patients prescribed warfarin after the index hospitalization with AF and the impact of warfarin use on the
128

one-year stroke rate in Alberta, Ontario, British Columbia
and Nova Scotia.

METHODS
Population
All patients admitted to an acute care hospital with International
Classification of Diseases, ninth revision (ICD-9 [18]) code 427.3x
as a discharge diagnosis in any of 16 diagnosis fields between
April 1, 1997, and March 31, 2000, were eligible for the study.
ICD-9 code 427.3x includes AF and atrial flutter. Patients younger
than 20 years, older than 105 years, without a valid provincial
health card number, transferred from another acute care hospital
or with missing addresses were excluded.

Data sources
The patient cohort was created using data from the Canadian
Institute for Health Information Discharge Abstract and Morbidity
databases.
For the assessment of warfarin use, province-specific hospital
discharge data were obtained from the respective provincial
Ministries of Health. The study cohort of patients with AF was
then constructed according to the procedures described for the
overall cohort, but with an age restriction of 65 years to 105 years.
Data regarding warfarin use were obtained from the Ontario Drug
Benefit Database, the BC PharmaCare Plan, the Alberta Health
and Wellness Drug Benefit Plan and the Nova Scotia Improving
Cardiovascular Outcomes in Nova Scotia (ICONS) project (19).
Using unique, encrypted health card numbers, the data for each
cohort were linked with the respective drug claims database. The
Ontario, British Columbia and Alberta databases contain data on
all outpatient prescriptions filled for individuals 65 years of age
and older enrolled in the provincial drug plan. In contrast, the
Nova Scotia ICONS database records prescriptions written at the
time of discharge (not prescriptions filled) for patients for whom
the most responsible diagnosis at discharge was AF.
Demographic data for each province were obtained from
Statistics Canada.

Analyses
All rates of hospitalization were age- and sex-standardized using the
1991 Canadian population to permit comparisons across time and
provinces. For the evaluation of one-year stroke rates and medication use within 90 days of discharge, patients were excluded if they
died during the index hospitalization. For the analysis of medication
use, patients were also excluded if they were less than 65 years of age
and, therefore, not enrolled in their respective provincial drug plans,
and if they were discharged to chronic/long-term care facilities.
Stroke rates were based on readmission to an acute care hospital with a most responsible diagnosis of stroke (ICD-9 codes 430,
431, 432, 434, 436) within one year of the index hospitalization.
Stroke readmission rates were adjusted for age, sex, diabetes and
stroke/TIA (recorded during the index hospitalization) and
stroke/TIA in the previous year.
For medication use, a 90-day window after discharge was chosen to allow a reasonable amount of time for the initiation of therapy or the renewal of a previous prescription. ASA use was not
evaluated because ASA can be purchased over the counter, and
thus, rates based on prescription claims would underestimate the
true rates of use.
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TABLE 2
Age- and sex-specific hospitalization rates with atrial fibrillation/flutter per 100,000 people 20 years of age and over from
1997/1998 to 1999/2000

Province

Average
annual
Overall
hospitalizations rate

Canada

20-49

50-64

Men (age)
65-74

75-84

85+

20-49

Women (age)
50-64
65-74

75-84

85+

1298

3549

5925

203

1155

3053

3841

224

1096

3216

4292

18

272

1357

3304

5289

24

318

1497

3514

5273

18

286

1543

4290

7190

15

216

1155

3181

5509
4884

128,699

583

40

478

2097

4891

7646

17

245

Newfoundland

1824

453

45

496

1820

3908

4761

15

PEI

578

588

54

553

2069

4216

5871

17

Nova Scotia

4476

645

41

553

2417

5270

6873

New Brunswick

3515

628

57

543

2065

4885

6762

Quebec

36,818

674

39

525

2498

6016

9753

Ontario

43,680

524

38

433

1863

4408

7144

Manitoba

4762

585

38

434

1779

4142

6532

22

224

1098

3091

Saskatchewan

4568

638

44

519

1800

4100

5493

18

243

1169

3024

4702

Alberta

12,547

614

42

511

2561

6345

10,148

22

269

1521

4481

8263

British Columbia

15,932

537

41

458

1901

4201

6624

17

224

1168

3195

5023

PEI Prince Edward Island. Data from the Canadian Institute for Health Information

Maps
Regional level maps of AF/flutter hospitalization and readmission
for stroke are based on health region boundaries as defined by
Statistics Canada (December 2001) (20), and were constructed
using MapInfo software (MapInfo Corporation, USA) with
methods described previously (21). Briefly, regional rates were
colour coded on the maps according to how the regional rate compared with the Canadian national average. First, a rate ratio was
computed by dividing the regional rate by the overall national
rate. Then each health region was assigned to one of five fixed
ratio groups: minimum to less than 0.75; 0.75 to less than 0.90;
0.90 to less than 1.10; 1.10 to less than 1.30; and 1.30 or greater.
Each ratio group was then assigned a colour, with dark red signifying a regional rate at least 30% higher than the national average,
sequential shades of orange for the three middle categories and
yellow for the regions that had rates at least 25% less than the
national average. To provide readers with more usable information, the rate ratios were converted to actual rates per 100,000 in
the map legends.

TABLE 3
Age- and sex-standardized rates of hospitalization with
atrial fibrillation/flutter per 100,000 population 20 years of
age and over by province from 1997/1998 to 1999/2000
Province

1997/1998

1998/1999

1999/2000

Overall

Canada

513

539

555

536

Newfoundland

463***

454***

433***

450***

PEI

441***

477**

535

485**

Nova Scotia

542***

561

555

553

New Brunswick

495*

548.1

617***

554

Quebec

602***

653***

667***

641***

Ontario

469***

481***

500***

484***

Manitoba

437***

479***

467***

461***

–

526***

509***

518†

Alberta

648***

647***

705***

667***

British Columbia

485***

472***

482***

480***

Saskatchewan

All rates are age- and sex-standardized using the 1991 Canadian population.
*P<0.05, **P<0.01 and ***P<0.001 when compared with the overall national
rate; †Overall rate for 1998/1999 and 1999/2000 (1997/1998 Saskatchewan
data were suppressed due to incomplete data). PEI Prince Edward Island.
Data from the Canadian Institute for Health Information

RESULTS
Admission to hospital with AF
Patients admitted to hospital with AF were elderly (mean age
74.4 years) and 51.8% were male (Table 1). The most common
comorbidities at the index hospitalization included congestive
heart failure (one in three patients), diabetes (one in five
patients) and stroke (one in 10 patients). AF was the most
responsible diagnosis in 21.6% of patients, followed by congestive heart failure (9.4%), acute myocardial infarction (5.3%),
stroke (4.4%), other ischemic coronary disease (4.4%) and
pneumonia (3%).
Between April 1, 1997, and March 31, 2000, the national,
overall crude rate of hospitalization with AF was 583 per
100,000 population. As illustrated in Table 2, patients hospitalized with AF were more likely to be elderly. Hospitalization
rates in those younger than 65 years were substantially lower
than in those 65 years and older, with the highest rates in
patients 85 years and older. At all ages, hospitalizations with
AF were more common in men than in women.

The national age- and sex-standardized rate of hospitalization with AF rose from 513 to 555 per 100,000 population during the three-year period of observation, with a three-year
overall age- and sex-standardized rate of 536 per 100,000 population (Table 3). In all provinces except Newfoundland and
Saskatchewan, the rate of hospitalization with AF increased
over time.
Figure 1 illustrates the three-year, standardized regional
rates per 100,000 population, displayed in quintiles. Alberta,
British Columbia and Quebec demonstrated the highest hospitalization rates, while regions in eastern and southern Ontario
and most regions in the Maritimes had lower rates. Overall,
Alberta had the highest hospitalization rates, followed closely
by Quebec. Newfoundland had the lowest hospitalization
rates. Health region-specific hospitalization rates may be
obtained from the Canadian Cardiovascular Outcomes
Research Team (CCORT) Web site (<www.ccort.ca/atlas.asp>).
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Figure 1) Age- and sex-standardized atrial fibrillation (AF)/flutter hospitalization rates per 100,000 population aged 20 years and over, by health
region (HR), in Canada from 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

Figure 2) Age- and sex-standardized one-year stroke readmission rate per 100 atrial fibrillation (AF)/flutter survivors, by health region (HR),
in Canada from 1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island
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TABLE 4
Stroke following hospitalization with atrial fibrillation/flutter by province from 1997/1998 to 1999/2000
NL

PEI

NS

NB

QC

ON

MB

SK

AB

BC

Total

Overall
Discharge alive (n)

3644

1118

7985

6176

58,686

81,368

8803

8432

21,568

30,151

227,931

One-year stroke readmission (n)

93

33

219

154

1456

2394

260

271

539

843

6262

One-year stroke readmission (%)

2.6

3.0

2.7

2.5

2.5

2.9

3.0

3.2

2.5

2.8

2.7

Risk-adjusted one-year stroke readmission (%)*

2.8

2.8

2.8

2.7

2.5†

2.9†

2.8

3.1†

2.5

2.9

2.7

Men
Discharge alive (n)

2050

596

4288

3168

29,703

42,471

4499

4336

11,410

16,196

118,717

One-year stroke readmission (n)

49

17

91

72

604

1060

122

129

259

384

2787

One-year stroke readmission (%)

2.4

2.9

2.1

2.3

2.0

2.5

2.7

3.0

2.3

2.4

2.4§

2.5

2.6

2.8†

2.3

2.4

2.4

Risk-adjusted one-year stroke readmission

(%)‡

2.6

2.9

2.2

2.4

2.1†

Women
Discharge alive (n)

1594

522

3697

3008

28,983

38,897

4304

4096

10,158

13,955

109,214

One-year stroke readmission (n)

44

16

128

82

852

1334

138

142

280

459

3475

One-year stroke readmission (%)

2.8

3.1

3.5

2.7

2.9

3.4

3.2

3.5

2.8

3.3

3.2§

2.9

2.9†

3.4†

3.4

2.8†

3.4

3.2

Risk-adjusted one-year stroke readmission

(%)‡

2.9

2.8

3.5

3.1

*Risk-adjusted rate adjusted for age, sex, diabetes at index hospitalization, stroke/transient ischemic attack (TIA) at index hospitalization, and stroke/TIA in previous year; †Significantly different from crude overall rate; ‡Risk-adjusted rate adjusted for age, diabetes at index hospitalization, stroke/TIA at index hospitalization,
and stroke/TIA in previous year; §Test for one-year stroke hospitalization by sex: χ2 = 148.165, P<0.0001. AB Alberta; BC British Columbia; MB Manitoba; NB New
Brunswick; NL Newfoundland; NS Nova Scotia; ON Ontario; PEI Prince Edward Island; QC Quebec; SK Saskatchewan. Data from the Canadian Institute for Health
Information

Mortality and stroke following hospitalization with AF
Overall, 9.3% of patients in the study cohort died in hospital
during the index hospitalization. Of those discharged alive,
2.7% were readmitted to hospital for stroke within one year of
discharge (Table 4). Quebec and Alberta reported the lowest
rates of readmission for stroke. Stroke readmission rates were
higher in women (3.2%) than in men (2.4%), even after adjustment for age and comorbidities, and this was consistent across
all provinces. Figure 2 illustrates the health region-specific
stroke readmission rates per 100 AF hospitalization survivors.
Overall, the differences between regions are not striking.
Saskatchewan, western regions of British Columbia, and western and southern regions of Ontario had the highest rates of
readmission with stroke following hospitalization with AF,
whereas Quebec had lower rates. Hospitalization rates for each
health region may be obtained from the CCORT Web site
(<www.ccort.ca/atlas.asp>).
Warfarin use within 90 days of hospital discharge
Overall, less than one-half of patients with AF filled a prescription for warfarin within 90 days of discharge from hospital
(Table 5). There was a small increase in warfarin use from
1997/1998 to 1999/2000, both in men and in women. Despite
evidence that age is a major risk factor for stroke, age- and sexspecific rates indicate that the highest rates of warfarin use
were in those 65 to 74 years of age, and the lowest rates were in
those 85 years and over (Table 6). Warfarin use in British
Columbia was lower than in the other provinces, regardless of
stroke risk (Table 7). The greatest difference was found in
patients with prior stroke/TIA, with 54.3% of patients in
Alberta using warfarin within 90 days compared with 46.0% in
Ontario and 35.2% in British Columbia. The consistently
higher use of warfarin in patients from Nova Scotia must be
interpreted with caution because these data relate to patients
with a primary diagnosis of AF and to prescriptions written,
rather than prescriptions filled.

TABLE 5
Warfarin prescriptions within 90 days after atrial fibrillation
(AF) discharge in patients 65 years of age and over
Overall Province

1997/1998

n (%)

BC

8978 (33.8)

n (%)

ON

23,999 (44.2)

n (%)

NS*

481 (52.4)

n (%)

AB

5910 (45.2)

1998/1999

1999/2000

P

9289 (35.7)

8879 (41.5)

<0.0001

25,480 (46.3)

26,493 (48.5)

<0.0001

547 (54.3)

647 (63.2)

<0.0001

5956 (48.8)

5896 (48.3)

<0.0001
<0.0001

Men
n (%)

BC

4504 (33.4)

4625 (34.9)

4592 (40.2)

n (%)

ON

11,567 (45.5)

12,442 (45.3)

13,038 (48.8)

<0.0001

n (%)

NS*

222 (57.7)

225 (55.6)

380 (66.1)

<0.0001

n (%)

AB

2985 (44.6)

2969 (47.3)

3064 (47.9)

0.0245
<0.0001

Women
n (%)

BC

4474 (34.1)

4464 (36.5)

4287 (42.8)

n (%)

ON

12,432 (44.4)

13,038 (47.2)

13,455 (48.2)

<0.0001

n (%)

NS*

259 (47.9)

322 (53.4)

367 (61.0)

<0.0001

n (%)

AB

2925 (45.7)

2987 (50.4)

2832 (48.6)

0.0015

*All Nova Scotia (NS) data were based on prescriptions written at discharge.
n is the total number of AF patients over 65 years of age who were discharged
alive but not to a long-term care facility. AB Alberta; BC British Columbia;
ON Ontario. Data sources: BC – the BC PharmaCare Plan; ON – the Ontario
Drug Benefit database; NS – the Improving Cardiovascular Outcomes in
Nova Scotia project; and Alberta – the Alberta Health and Wellness Drug
Benefit Plan

Warfarin use and stroke readmission
In the same cohort as described above, time to readmission for
stroke, as a function of warfarin use, in British Columbia and
Ontario was evaluated. By one year, 3.3% of patients on warfarin
were hospitalized for stroke compared with 3.1% of those not on
warfarin. Readmission for stroke was then examined in various
high-risk subgroups. Prior stroke was determined by searching all
16 diagnosis codes during the index hospitalization or during a
hospital admission one year before the index hospitalization for
stroke. Among patients with AF and prior stroke, those not on
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TABLE 6
Age- and sex-specific proportions of warfarin use within 90 days of atrial fibrillation discharge, three years combined
(1997/1998 to 1999/2000)
Warfarin use by age and sex, n (%)
Men (age)
Province

Overall

65-74

Women (age)

75-84

85+

65-74

75-84

85+

British Columbia

23,218 (36.0)

4900 (40.6)

5325 (34.1)

1689 (25.2)

3218 (43.0)

5516 (38.6)

2570 (24.1)

Ontario

64,974 (45.2)

13,746 (48.0)

13,703 (46.2)

4461 (34.2)

9596 (49.7)

15,061 (47.7)

8407 (34.9)

1675 (57.2)

329 (62.9)

313 (61.3)

85 (45.9)

309 (63.4)

436 (57.8)

203 (35.5)

14,714 (43.3)

3028 (47.7)

3232 (42.9)

1209 (29.9)

1924 (49.8)

3351 (47.9)

1970 (31.1)

Nova Scotia*
Alberta

*All Nova Scotia data are based on prescriptions written at discharge for patients with atrial fibrillation as the most responsible diagnosis. n is the total number of patients
over 65 years of age who were discharged alive but not to a long-term care facility. Data sources: British Columbia – the BC PharmaCare Plan; Ontario – the Ontario
Drug Benefit database; Nova Scotia – the Improving Cardiovascular Outcomes in Nova Scotia project; and Alberta – the Alberta Health and Wellness Drug Benefit Plan

TABLE 7
Warfarin use by stroke risk factors, within 90 days of atrial fibrillation discharge, three years combined (1997/1998 to
1999/2000)
Warfarin use by risk factor, n (%)
Overall

CHF

Diabetes

Previous stroke/TIA

Age ≥75 years

2+ risk factors

British Columbia

23,218 (36.0)

6291 (38.8)

3118 (36.8)

503 (35.2)

15,100 (33.0)

6349 (35.6)

5404 (39.5)

Ontario

64,974 (45.2)

19,467 (50.0)

10,411 (47.0)

1132 (46.0)

41,632 (43.2)

19,524 (46.6)

14,723 (45.3)

Alberta

14,714 (43.3)

4747 (45.3)

2135 (44.0)

479 (54.3)

9762 (40.7)

4785 (43.0)

3152 (45.4)

1675 (57.2)

627 (61.9)

379 (59.6)

248 (63.7)

1037 (53.5)

723 (57.5)

314 (56.4)

Province

Nova Scotia*

No risk factors

*All Nova Scotia data are based on prescriptions written at discharge for patients with atrial fibrillation as the most responsible diagnosis. n is the total number of
patients over 65 years of age, discharged alive but not to a long-term care facility. CHF Congestive heart failure; TIA Transient ischemic attack. Data sources: British
Columbia – the BC PharmaCare Plan; Ontario – the Ontario Drug Benefit database; Nova Scotia – the Improving Cardiovascular Outcomes in Nova Scotia project;
and Alberta – the Alberta Health and Wellness Drug Benefit Plan

DISCUSSION

Figure 3) Time to stroke hospitalization for patients with atrial fibrillation with previous stroke/transient ischemic attack in Ontario and
British Columbia (BC) from 1997/1998 to 1999/2000

warfarin within 90 days of discharge were significantly more
likely to be subsequently admitted for stroke (Ontario 10.5%
and British Columbia 9.8%) than were those receiving warfarin
(Ontario 4.7% and British Columbia 7.9%) (Figure 3). Other
high-risk subgroups – patients with diabetes or congestive heart
failure, and those over 75 years of age – did not demonstrate any
differences in hospitalization for stroke based on warfarin use
(data not shown).
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The rate of admission to hospital with AF increased in Canada
between 1997 and 2000, an increase not entirely explained by
an ageing population. The Copenhagen City Heart Study
(22), a prospective, population-based cohort study, reported a
60% (95% CI 30% to 100%) increase in first hospitalizations
for AF between the early 1980s and early 1990s. Similar dramatic increases have been reported in the Scottish population
(1986 to 1996) (23) and in the American population over
65 years of age between 1982 and 1993 (24).
Reasons for the increase in the rate of hospitalization with
AF seen in Canada between 1997 and 2000, as well as the
increases seen in Europe and the United States between the
1980s and 1990s, are not clear. Given the increasing pressure on
inpatient beds during that time, it is likely that the threshold for
admission to hospital increased rather than decreased. The most
likely explanations include a true increase in the incidence or
prevalence of AF because patients with cardiac disease are living
longer, and the possibility of more complete coding of AF in the
Canadian Institute of Health Information records.
The reasons for lower rates of hospitalization with AF in
Newfoundland are not clear, especially given the burden of
cardiovascular disease in this province (25). A possible explanation is variation in coding, and this is supported by a recent
report from the Canadian Institute for Health Information
(26) that demonstrated a drop in coding of pre-existing conditions (Type 1) in Newfoundland during the period of the present study.
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Age had a profound impact on the rate of AF admissions,
with men outnumbering women at all ages. This is consistent
both with studies of AF incidence and with studies of hospitalizations for AF (22,23,27,28).
The in-hospital mortality rate of 9.3% in this cohort was
high, likely reflecting the older age and comorbidities of hospitalized patients with AF. Among those discharged alive,
approximately 2.7% were readmitted because of a stroke
within one year. While this rate is lower than rates reported
in clinical trials, it is consistent with results from populationbased studies (15). Not surprisingly, the rate of stroke readmission was higher in those with a prior stroke.
Undoubtedly, the most important advance in the management of AF during the last decade has been the unequivocal
demonstration that oral anticoagulation decreases the frequency of stroke in patients with AF. The absolute benefit of
oral anticoagulation is large in high-risk patients – the elderly, those with a previous TIA or stroke, and patients with
hypertension and heart failure. Thus, it is disappointing that
the frequency of warfarin use in all provinces studied
remained well below 50% in patients over 75 years of age,
and in patients with two or more risk factors (Table 7). The
strongest risk factor for stroke is a previous TIA or stroke, yet
only 46% of such Ontario patients and 35% of patients from
British Columbia received warfarin after discharge. These
results are consistent with American data for warfarin use
obtained from office-based practices, where 46.5% of patients
with AF at high risk for stroke were on warfarin in 1999/2000
(29).
Although some of these hospitalized patients may have
been very frail, a decision analysis has shown that the benefits of anticoagulation far outweigh the risks of falling in most
high-risk patients with AF (30). Hospitalization provides an
opportunity to consider anticoagulation in patients with AF,
and the results of this analysis suggest that Canadian clinicians should examine their practices in this regard. The
increasing use of anticoagulation clinics and self-monitoring
should make warfarin management both more convenient
and safer in the future (31-34).
Limitations and cautions
All analyses were based on patients admitted to hospital with
AF. Because not all patients with AF present to hospital, the
present study undoubtedly underestimated the true prevalence of AF in the general population.
The validity of ICD-9 coding of AF in administrative databases has not been studied. The reported hospitalization rates
likely underestimate the true prevalence of AF in hospitalized
patients. To increase the sensitivity of the analysis, we included all patients with AF or atrial flutter in any of the 16 diagnosis codes used in hospital discharge databases. While the
ICD-9 coding does not allow us to distinguish between AF and
flutter, the proportion of flutter patients is likely small. In
terms of oral anticoagulation, the most recent recommendations suggest that patients with atrial flutter should be managed in the same manner as those with AF (8), although the
evidence for the benefit of oral anticoagulation is not as strong.
The administrative databases used in the present study do
not provide complete information about the risk factors that

increase the risk of stroke or are relative contraindications for
anticoagulation. Thus, if anything, our study probably underestimated the frequency of comorbidities in hospitalized
patients with AF, and some patients who we classified as low
risk for stroke may have had a higher risk. In particular, we
did not include hypertension, an important risk factor for
stroke, because previous research indicated that the validity
of coding for hypertension in administrative databases is poor
(35). We also were unable to identify the small number of
patients with AF who would have had an absolute contraindication to warfarin, such as a recent admission for a gastrointestinal bleed. It is also important to note that we could
not distinguish between patients hospitalized with recurring
episodes of AF and those hospitalized for a single, nonrecurring episode. The former are clearly candidates for anticoagulation, while the latter may not be.
Patients with AF in British Columbia were less likely to be
taking warfarin than were patients in other provinces. The
reasons for this are not known, although others have also
shown considerable unexplained differences in medication
use among Canadian provinces (36,37). With the exception
of Nova Scotia, medication use was based on prescriptions
dispensed, not prescriptions written. As a result our measure
of medication use is a reflection of both physician practice
and patient behaviour. Analyses in patients after acute
myocardial infarction suggest that up to 10% of prescriptions
written at discharge are not filled (unpublished data). This
likely explains the consistently higher use of warfarin in
Nova Scotia.

CONCLUSIONS
The rate of hospitalization in patients with AF in Canada is
increasing, rising from 513 to 555 per 100,000 over three years.
Consistent with other population-based studies, the prevalence of AF in hospitalized patients is greater in men than in
women, at all ages. The use of warfarin, despite unequivocal
demonstration of efficacy, was low and increased only marginally over the same time frame. Even among patients with AF at
highest risk of stroke, less than 50% filled a prescription for
warfarin within 90 days of hospital discharge.
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Chapter 17: Diagnostic cardiac catheterization and
revascularization rates for coronary heart disease
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PD Faris, C Grant, DP Galbraith, Y Gong, WA Ghali, for the
Canadian Cardiovascular Outcomes Research Team. Diagnostic
cardiac catheterization and revascularization rates for coronary
heart disease. Originally published in Can J Cardiol
2004;20(4):391-397.
BACKGROUND: Despite evidence of regional variation across
North America, there have been no comprehensive studies of cardiac
procedure rates for coronary heart disease in Canada.
OBJECTIVES: To use available administrative data and a survey of
catheterization facilities to examine regional and demographic variations in cardiovascular procedure rates.
METHODS: A survey of all cardiac catheterization facilities in
Canada was conducted, and the procedure counts from these facilities
were used to determine provincial catheterization rates from
1997/1998 to 2001/2002. Procedure counts for 1997/1998 to
1999/2000 for coronary artery bypass graft (CABG) surgery and percutaneous coronary intervention (PCI) were provided by the Canadian
Institute for Health Information and used to calculate revascularization
procedure rates. Population projections provided by Statistics Canada
were used as denominators for calculating the rates, and direct standardization was used to obtain age- and sex-adjusted rates.
RESULTS AND CONCLUSIONS: The crude rate of cardiac
catheterization in Canada increased from 359.9 to 471.5 per 100,000
population across the five years studied. There was considerable variation in revascularization procedure rates across health regions and
provinces. Between 1997/1998 and 1999/2000, there was little
increase in the rate of CABGs performed in Canada but a marked
increase in the rate of PCIs. For both CABG and PCI, rates were
higher for men than women, and highest in the 65- to 74-year-old
age category. This study provides a valuable ‘snapshot’ of cardiac
procedure use rates but indicates a clear need for more comprehensive collection of cardiac care data in Canada.

Le cathétérisme cardiaque diagnostique et
les taux de revascularisation en cas de
coronaropathie
HISTORIQUE : Malgré les variations régionales observées en Amérique
du Nord, aucune étude approfondie n’a porté sur les taux d’interventions
cardiaques découlant d’une coronaropathie au Canada.
OBJECTIFS : Utiliser les données administratives disponibles et une
enquête auprès des installations de cathétérisme pour examiner les
variations régionales et démographiques des taux d’interventions
cardiovasculaires.
MÉTHODOLOGIE : Une enquête a été menée dans toutes les
installations de cathétérisme au Canada, et le décompte des interventions
qui y sont effectuées a été utilisé pour déterminer les taux provinciaux de
cathétérisme entre 1997-1998 et 2001-2002. Le décompte des pontages
aortocoronariens (PAC) et des interventions coronariennes percutanées
(ICP) a été fourni par l’Institut canadien d’information sur la santé et
utilisé pour calculer les taux d’interventions de revascularisation. Les
projections démographiques fournies par Statistique Canada ont servi de
dénominateurs pour calculer les taux, et une normalisation directe a
permis de rajuster les taux selon l’âge et le sexe.
RÉSULTATS ET CONCLUSIONS : Le taux brut de cathétérisme
cardiaque au Canada est passé de 359,9 à 471,5 pour 100 000 habitants au
Canada au cours des cinq années à l’étude. On remarquait une variation
considérable des taux d’interventions de revascularisation entre les
régions sanitaires et les provinces. Entre 1997-1998 et 1999-2000, le taux
de PAC effectués au Canada a peu augmenté, mais celui d’ICP a subi une
hausse marquée. Tant pour les PAC que pour les ICP, les taux étaient plus
élevés pour les hommes que pour les femmes, et ils atteignaient un
sommet dans la catégorie des 65 à 74 ans. L’étude fournit un cliché
précieux des taux d’utilisation d’interventions cardiaques, mais elle
indique un besoin évident de collecte de données plus complètes sur les
soins cardiaques au Canada.

Key Words: Canadian health; Catheterization; Revascularization;
Surgery

everal studies have shown that there is a large degree of
regional variation in revascularization procedure rates in
North America (1-6). The majority of these studies, however,
have focused on rates in the United States and few have investigated procedure rates in Canada. The most comprehensive
investigations of these rates include a chapter on Ontario procedure rates in an atlas of cardiovascular health and services
published in 1999 by the Institute for Clinical Evaluative

S

Sciences (ICES) (7), and a study of procedure rates in facilities
across Canada (4).
Canadian investigations have been hampered by a lack of
data sources. Although comprehensive cardiac databases and
registries exist in some provinces and institutions, the lack of
a national cardiac procedures registry means that national
comparisons require the use of administrative discharge data.
While these administrative data are sufficient for basic
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regional comparisons of rates, they do not contain detailed
clinical information that could be used by researchers to
make regional comparisons. In the present study, we have
used available administrative data, as well as a survey of
catheterization facilities, to provide a sketch of cardiac procedures in Canada.

METHODS
Data sources
Cardiac catheterization: Cardiac catheterization is provided on
both an inpatient and a day procedure basis. Although administrative data from the Canadian Institute for Health Information
(CIHI) were a valuable source of information for studying population rates of cardiac revascularization procedures (see below), they
were not complete for studying cardiac catheterization rates
because they lacked information on day procedures in some jurisdictions. Therefore, to obtain complete information on cardiac
catheterizations, a survey of all cardiac catheterization facilities in
Canada was performed. In this survey, information on the number
of procedures performed on adults at each facility between
1997/1998 and 2001/2002 was obtained. Facilities differed with
respect to their definition of an adult patient, with some facilities
recording those 16 years of age and over, and others recording
those 20 years and over. However, because rates were very low in
the lowest age categories, the differing definitions had a limited
impact on the rates reported across facilities. The authors’ definition of cardiac catheterizations included those performed during ad hoc percutaneous coronary intervention (PCI) procedures
(a PCI procedure performed during the same sitting as the
catheterization).
Catheterization laboratories in Ontario were identified
through lists provided by the Cardiac Care Network of Ontario;
Quebec laboratories were identified by a Quebec member of the
Canadian Cardiovascular Outcomes Research Team (CCORT);
and sites outside of Ontario and Quebec were identified using a list
provided by the Alberta Provincial Project for Outcome
Assessment in Coronary Heart Disease (APPROACH). Initial
telephone contact was made with nurse managers or catheterization laboratory directors from each site in July and August of 2002.
The survey was then e-mailed or faxed to each site, depending on
the preference of the contact person. All sites indicated up-front
willingness to participate in the survey. If the survey was not
returned, the site was contacted again (more than once if necessary) and reminded of the survey. The number of sites performing
catheterizations increased from 44 to 50 over the time period studied. Data were incomplete or missing from one site in British
Columbia (one of six sites missing in 1997/1998 and 1998/1999)
and three sites in Quebec (three of 14 in 1997/1998, three of 15 in
1998/1999 and 1999/2000, and three of 16 for the remaining two
years). For provinces with missing information, the missing case
volume values were input as the average of the observed values
from other sites in the province for the given year.
Coronary artery bypass graft (CABG) surgery: Procedure
counts used for the calculation of CABG procedure rates were
based on administrative hospital discharge records for fiscal years
1997/1998 to 2000/2001; CIHI provided these data. Hospital discharge data for inpatient stays were used to identify CABG surgery
patients aged 20 years and over with a location of residence in
Canada. All available procedure fields in the administrative data
were screened for Canadian classification of diagnostic, therapeutic and surgical procedures (CCP) codes 48.11 through 48.19 (8)
because the presence of these codes indicated that a CABG surgery
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had been performed. Most patients identified were in hospitals
that clearly have CABG surgery programs based on the presence
of a large number of discharges with the CCP codes of interest. A
relatively small number of patients were detected as discharges
from hospitals that only had one to three CABG surgery discharges
in any given year. These patients were not included in the present
analysis of CABG surgery rates because it was assumed that they
either represented erroneous codes or codes for discharges from
peripheral hospitals after interhospital transfer from tertiary care
centres where CABG surgery was performed.
PCI: For all provinces except Alberta, procedure counts used for
the calculation of PCI procedure rates were based on administrative hospital discharge records provided by CIHI for fiscal years
1997/1998 to 2000/2001. Unlike CABG surgery, where screening
of hospital discharge data captures individual procedures, many
PCI procedures were coded twice – once as day procedures in tertiary care centres, and a second time as inpatient stays in hospitals
transferring patients to and from the treatment facilities. To avoid
double counting of procedures, those procedures from the inpatient
CIHI database with procedure suffixes that indicated that the procedure was performed as day surgery were excluded.
Day surgery databases were not available for Alberta or
Quebec. To avoid undercounting procedure rates in Alberta, procedure counts from the APPROACH project were used for all
patients 20 years of age and over. APPROACH is a registry of all
patients undergoing cardiac catheterization since 1995 and has
records for all patients undergoing PCI. The procedure counts provided to CIHI by Quebec were based on physician billing data, and
consequently both day surgery procedures and in-hospital procedures were included in the database without duplication. For all
provinces except Alberta, PCI procedures were identified by
screening all procedure code fields in CIHI data for CCP codes
48.02, 48.03 and 48.09. These codes indicated that the patient had
received a PCI procedure without a thrombolytic agent, a PCI procedure with a thrombolytic agent, or some other removal of coronary artery obstruction. All patients 20 years of age and over with
a location of residence in Canada were included in the analyses.

Statistical analyses
Within each sex, data were broken into five-year age categories at
the provincial, national and regional levels. For each year and
provincial health region, denominators used for the rates in each
age and sex category were based on annual population projections
provided by Statistics Canada. Age- and sex-adjusted rates were
obtained by direct standardization, with the 1991 census age and
sex distribution serving as the population standard. Logistic regression models were used to compare provincial rates with the overall Canadian rates. Maps of procedure rates within provincial
health regions were constructed according to procedures outlined
in an article describing the methods used in the CCORT
Canadian cardiovascular atlas project (9).

RESULTS
Catheterization rates
The crude (unadjusted) catheterization rates per 100,000
Canadians aged 20 years and over are presented in Table 1.
The crude rate for Canada increased from 359.9 per 100,000 in
1997/1998 to 471.5 per 100,000 in 2001/2002. In 2001/2002,
Nova Scotia and Alberta had the highest crude catheterization
rates (555.2 and 553.2 per 100,000, respectively), and Ontario
had the greatest increase in catheterization rate over the five
years, increasing from 338.9 to 509.6 per 100,000.
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TABLE 1
Provincial catheterization procedure counts for patients aged 20 years and over and rates per 100,000 population by
province, according to treating facility, between 1997/1998 and 2001/2002

Canada

1997/1998
Count
Rate

1998/1999
Count
Rate

1999/2000
Count
Rate

2000/2001
Count
Rate

2001/2002
Count
Rate

79,072*

359.9

84,765

381.1

94,225

418.4

101,583

445.2

109,166

471.5

Newfoundland

1812

448.2

1791

445.9

1985

493.9

1980

491.4

2105

521.4

Nova Scotia

3363

486.7

3465

498.4

3723

530.9

3595

509.4

3944

555.2

New Brunswick

N/A

N/A

2556

455.9

2817

499.3

2786

490.7

3133

547.9

Quebec

19,091†

351.2

19,871†

362.9

21,296†

385.4

24,199†

433.7

23,649†

419.5

Ontario

27,963

338.9

32,204

384.7

36,275

427.0

40,326

466.7

44,882

509.6

Manitoba

N/A

N/A

3537

433.8

3525

429.7

3540

429.1

4316

520.1

Saskatchewan

2541

356.7

2605

363.1

2690

372.7

2743

379.4

2800

387.9

Alberta

8655

431.8

9323

452.0

10,580

501.2

11,276

522.6

12,229

553.2

British Columbia

9554†

324.8

9413†

315.9

11,334

375.7

11,138

364.7

12,108

390.9

*1998/1999 counts from New Brunswick and Manitoba were used to calculate the total and the rate;
observed provincial data. N/A Data not available

TABLE 2
Coronary artery bypass graft procedure counts for
patients aged 20 years and over by province of residence,
1997/1998 to 2000/2001
Province

1997/1998 1998/1999

Newfoundland
PEI

1999/2000

2000/2001

Total

451

437

475

641

2004

79

77

77

87

320

†Missing

data from these counts were input on the basis of

TABLE 3
Age- and sex-adjusted coronary artery bypass graft
surgery rate per 100,000 population aged 20 years and
over by province of residence, 1997/1998 to 2000/2001
1997/1998
Canada
Newfoundland

Nova Scotia

827

898

877

778

3380

PEI

New Brunswick

466

465

493

520

1944

Nova Scotia

Quebec

5905

6072

5915

6465

24,357

New Brunswick

Ontario

8296

8477

8753

8877

34,403

Quebec

93.2
112.0***
74.6
110.9***
79.4***
103***

1998/1999
94.1
105.7*

69.4*

77.9

73.2*

99.2

110.4***

77.7***

81.0**

84.0*

80.5**

103.5***

98.9***

105.5***

102.8***

839

925

840

770

3374

Ontario

95.7*

95.2

716

732

749

2855

Manitoba

94.1

103.0**

1504

1550

1654

1727

6435

Saskatchewan

80.2***

Alberta
British Columbia

2325

2495

2536

2504

9860

21,350

22,112

22,352

23,118

88,932

93.7
119.9***

113.1***

658

Total

94.2
148.1***

70.8*

Saskatchewan
British Columbia

93.1
112.5***

2000/2001 Overall

118.7***

Manitoba
Alberta

1999/2000

96.0**

95.3

93

84.2**

95.6
93.5

86.9*

88.8

90.7

86.7*

81.1***

80.8***

83.8***

84.8***

82.7***

74.5***

77.6***

77.0***

74.6***

76.0***

PEI Prince Edward Island

*P<0.05, **P<0.01, ***P<0.001 when comparing province-specific rate with
overall Canadian rate. PEI Prince Edward Island

CABG rates
Counts of CABG procedures showed a modest increase in
most provinces from fiscal year 1997/1998 to 2000/2001
(Table 2). This increase was also evident in the age- and sexadjusted rates per 100,000 population (Table 3). There was
considerable variation in rates across the provinces, with the
highest rates in Newfoundland (119.9 per 100,000) and Nova
Scotia (110.4 per 100,000), and the lowest overall rates in
British Columbia (76.0 per 100,000) and Prince Edward Island
(73.2 per 100,000).
Table 4 shows the overall annual CABG procedure rates
per 100,000 population by age and sex groups for the years
1997/1998 to 2000/2001; it demonstrates that there was
marked variation in procedure rates by both sex and age.
Procedure rates were generally much higher for men than
women, and for all provinces, the highest procedure rates were
in the 65- to 74-year-old age group. Figure 1, a map of age- and
sex-adjusted rates by Canadian health region, shows the
marked regional variation in CABG rates across Canada.
Data for this map can be found on the CCORT Web site
(www.ccort.ca/revascrates.asp).

PCI procedure rates
Table 5 shows PCI procedure counts by province for fiscal years
1997/1998 to 2000/2001. Table 6 shows the provincial ageand sex-adjusted PCI procedure rates per 100,000 population.
There was a marked increase in the age- and sex-adjusted PCI
rates in Canada. These rates increased from 102.7 per 100,000
in 1997/1998 to 138.0 per 100,000 in 2000/2001. With the
exception of Newfoundland, the age- and sex-adjusted PCI rates
increased in all provinces over this period of time. The overall rates were highest in Quebec (155.5 per 100,000) and
Alberta (150.6 per 100,000), with Newfoundland,
Saskatchewan, British Columbia and New Brunswick having
similar rates of 131.9, 128.9, 125.5 and 122.1 per 100,000,
respectively, and with Prince Edward Island and Ontario having the lowest rates (94.6 and 85.6 per 100,000, respectively).
There was marked variation in PCI procedure rates by age and
sex (Table 7). Similar to the rates for CABG procedures, the
PCI procedure rates were higher for men than women, and the
highest rates were in the 65- to 74-year-old age category.
A map of age- and sex-adjusted PCI procedure rates per
100,000 population by health region is presented in Figure 2.
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Figure 1) Age- and sex-standardized coronary artery bypass graft (CABG) procedure rates per 100,000 population, by health region (HR),
1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information. PEI Prince Edward Island

Figure 2) Age- and sex-standardized percutaneous coronary intervention (PCI) procedure rates per 100,000 population, by health region (HR),
1997/1998 to 1999/2000. Data from the Canadian Institute for Health Information and the Alberta Provinicial Project for Outcome Assessment
in Coronary Heart Disease (APPROACH). PEI Prince Edward Island
138
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TABLE 4
Overall coronary artery bypass graft procedure rates per 100,000 population aged 20 years and over by sex and age group,
1997/1998 to 2000/2001
20-34

35-49

Men
50-64

65-74

75+

20-34

35-49

Women
50-64

65-74

75+

Canada

0.9

40.4

300.2

613.0

400.6

0.3

7.9

64.4

197.7

129.5

Newfoundland

0.8

64.7

428.3

703.1

310.0

1.2

11.4

115.9

266.6

102.4

Prince Edward Island

0.0

35.0

219.6

503.8

213.5

0.0

4.7

54.7

169.9

133.9

Nova Scotia

1.3

49.6

311.1

712.8

515.8

0.0

11.5

89.9

242.8

179.8

New Brunswick

0.6

43.8

251.8

516.5

343.1

0.0

6.2

53.3

164.0

115.3

Quebec

1.0

43.9

321.1

666.9

441.7

0.2

8.9

68.1

225.7

167.2

Province

Ontario

1.1

44.8

324.7

611.3

373.2

0.3

8.5

69.3

194.9

115.9

Manitoba

1.0

44.4

296.6

565.7

391.9

0.9

9.5

64.9

204.8

147.7

Saskatchewan

0.0

36.3

267.2

599.3

374.4

0.7

8.3

57.6

186.1

98.1

Alberta

0.1

26.3

244.9

576.2

446.1

0.2

5.2

47.0

176.1

117.2

British Columbia

0.8

26.1

227.5

547.4

397.6

0.1

4.6

44.3

151.0

103.2

TABLE 5
Percutaneous coronary intervention procedure counts for
patients aged 20 years and over by province of residence,
1997/1998 to 2000/2001

TABLE 6
Age- and sex-adjusted percutaneous coronary
intervention rates per 100,000 population aged 20 years
and over by province of residence, 1997/1998 to 2000/2001

Province

Province

1997/1998 1998/1999 1999/2000 2000/2001 Total

Newfoundland
Prince Edward Island

555

679

489

537

2260

92

99

110

112

413

1997/1998 1998/1999 1999/2000

2000/2001 Overall

Canada

102.7

112.3

122.8

138

119.3

Newfoundland

133.7***

162.5***

113.1

119.0**

131.9*

90.9*

Nova Scotia

824

837

876

1044

3581

PEI

100.8*

98.8***

New Brunswick

637

771

769

815

2992

Nova Scotia

110.0*

109.9

111.8*

129.8

115.6

Quebec

7965

8485

9893

11,188

37,531

New Brunswick

106.8

127.3***

123.9

129.9

122.1

Ontario

6026

7145

8013

9868

31,052

Quebec

136.0***

142.3***

162.2***

179.6***

Manitoba

799

989

1010

1207

4005

Ontario

69.0***

79.7***

87.3***

105.0***

Saskatchewan

879

915

1132

1285

4211

Manitoba

91.2**

Alberta

2501

2925

3210

3474

12,110

Saskatchewan

British Columbia

3497

3766

4318

4774

16,355

Alberta

23,775

26,611

29,820

34,304

114,510

British Columbia

Total

88.0

94.6*

155.5***
85.6***

110.8

112.3**

131

111.5*

109.4*

112.8

138.2***

154.6***

128.9**

130.9***

148.4***

156.5***

165.0***

150.6***

111.8***

117.0*

130.9***

141.1

125.5**

*P<0.05, **P<0.01, ***P<0.001 when comparing province-specific rate with
overall Canadian rate. PEI Prince Edward Island

Data for this map can be found on the CCORT Web site
(www.ccort.ca/revascrates.asp).

DISCUSSION
There was significant variation in procedure rates across
Canadian provinces and health regions. Although some of
this variation may have been due to the relative health of the
populations in these regions, much of this variability must also
reflect regional and provincial differences in practice patterns
and funding. Over time, there was a consistent trend across
Canada of increasing rates of catheterization and PCI that was
not accompanied by a corresponding increase in rates of
CABG procedures. Further, comparisons of PCI and CABG
rates indicate that there may have been an interesting ‘revascularization priority balance’ in which provinces with high
PCI rates tended to have low CABG rates, and vice versa.
This balance raises interesting issues regarding funding priorities and practice choices across provinces. Perhaps the most
striking of these reversals occurred in Ontario, which had the
lowest PCI rate of all provinces for which data were available
and also had a CABG rate that was higher than the overall
Canadian rate.

The ratios of the adjusted rates of PCI per 100,000 to the
adjusted rates of CABG per 100,000 provide an interesting
means of examining provincial variations in procedure preferences. In the years studied, the ratio of PCI to CABG procedures in Canada was 1.27 (119.3/93.7). The ratio of PCI
procedures to CABG procedures was greater than 1 in all
provinces but Ontario. Ranked from highest to lowest, the ratio
in Alberta was 1.82 (150.6/82.7), followed by 1.65 in British
Columbia (125.5/76.0), 1.52 in New Brunswick (122.1/80.5),
1.51 in Quebec (155.5/102.8), 1.49 in Saskatchewan
(128.9/86.7), 1.29 in Prince Edward Island (94.6/73.2), 1.19 in
Manitoba (111.5/93.5), 1.10 in Newfoundland (131.9/119.9),
1.05 in Nova Scotia (115.6/110.4) and 0.90 in Ontario
(85.6/95.6). While these ratios do not address the appropriateness of procedure preferences, they highlight the marked differences in preferences among provinces.
There was significant variation in procedure rates across the
age and sex groups. For both men and women, CABG and PCI
rates were highest in the 65- to 74-year-old age group. As
reported in previous studies (4,10-12), CABG and PCI procedure rates were higher for men than for women. These differences were striking for CABG procedure rates, which were
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TABLE 7
Overall percutaneous coronary intervention procedure rates per 100,000 population aged 20 years and over by sex and age
group, 1997/1998 to 2000/2001
20-34

35-49

Men
50-64

65-74

75+

20-34

35-49

Women
50-64

Canada

3.4

98.1

396.5

541.8

65-74

75+

368.8

0.9

21.9

117.4

244.3

185.3

Newfoundland

4.5

117.8

472.6

Prince Edward Island

3.5

89.1

303.1

478.2

244.7

0.4

38.2

158.5

320.2

142.7

403.1

205.6

0.0

9.3

97.5

189.9

Nova Scotia

3.8

99.9

207.8

367.1

452.7

331.3

1.0

29.4

145.3

223.1

New Brunswick

3.0

211.1

117.3

400.1

538.3

326.8

0.6

27.1

129.2

251.8

164.5

Quebec*
Ontario

5.0

131.6

504.2

703.9

482.2

1.5

30.2

153.2

320.6

257.9

2.9

74.6

293.3

367.8

240.2

0.6

17.0

91.7

173.9

115.9

Manitoba

2.9

108.8

345.7

475.1

312.8

1.5

19.5

123.4

217.1

191.5

Saskatchewan

3.8

92.2

421.3

636.5

431.3

1.7

20.2

107.2

276.6

214.2

Alberta*

3.1

108.7

505.2

749.9

531.1

0.9

23.2

124.6

300.6

230.2

British Columbia

2.1

85.0

413.2

642.7

474.8

0.6

15.8

101.7

263.3

212.3

*Day surgery data not available

generally at least three times higher for men than for women
across all age groups. It should be noted, however, that Ghali
et al (13) found evidence that this difference in procedure
rates could be accounted for by the differences in the clinical
characteristics in men and women, and that women and men
with similar extents of coronary disease had similar rates of surgery and PCI.
From Figure 1, it is evident that CABG rates were generally
higher in eastern Canada than in the west, and that some of
the more remote or sparsely populated areas had lower rates of
CABG (northeastern British Columbia, northern Alberta and
central Saskatchewan). It is important to note, however, that
some remote regions had average (northwest British
Columbia, northern Manitoba) or above average (eastern
Quebec) CABG rates. This indicates that factors such as
referral patterns, access to referring physicians and regional
health care policies may play important roles in determining
rates of revascularization in remote areas. This trend is far less
striking for rates of PCI (Figure 2), and low rates of PCI are
evident in highly populated areas such as southern Ontario.
Coronary heart disease becomes increasingly important
with advancing age. In Ontario, both the highest volumes of
patients and the highest mortality rates for myocardial infarction and congestive heart failure occur in the elderly (14,15).
Although the burden of coronary heart disease is greatest in
the elderly, the rates of angiography, PCI and coronary bypass
surgery after myocardial infarction are highest in the younger
age groups and fall progressively with age (7). It is a paradox
that those with the greatest need for a revascularization procedure are less likely to receive one. Regions with higher overall
rates of revascularization tend to have higher rates in the elderly. In a comparison of bypass surgery rates in Canada and the
United States, Anderson et al (16) found that the overall rates
were much higher in the United States than in Canada. In
particular, the rates in the elderly were substantially higher in
the United States. They were able to show that 75% of the
difference in overall rates between Canada and the United
States was due to the higher procedure rates in the elderly in
the United States. The need for greater access to revascularization in the elderly is highlighted by recent studies comparing
survival rates following revascularization. These studies found
that the elderly had greater reductions in absolute risk than
younger patients after revascularization (17,18). As the capacity
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for revascularization procedures increases in Canada, we anticipate that procedure rates in the elderly will rise sharply. With
demographic trends predicting a ‘greying’ of the population,
one can anticipate a dramatic rise in the numbers of elderly
patients receiving revascularization procedures in the future.
In a report of an international comparison of access to cardiovascular care and cardiac catheterization rates, Canada has
been considered a “medium rate” country, similar to Belgium
and Germany (2). The results we have obtained further confirm this. The Canadian catheterization rates in 1997 (359.9
per 100,000) were similar to 1995 rates reported for
Switzerland (340.1 per 100,000) by the working group
Coronary Circulation of the European Society of Cardiology
(19), but lower than those for Germany, Iceland and Belgium
(466.7, 417.3 and 406.3 per 100,000, respectively). When
Canadian 1997 PCI rates are compared with data from the
same study, a similar pattern emerges. Canada (102.7 per
100,000) is similar to Switzerland (98.7 per 100,000) but
behind Germany, Iceland and Belgium (135.8, 130.8 and 109.4
per 100,000, respectively). All countries were well behind the
United States (160 per 100,000).
The results of our study indicate a clear need for more comprehensive collection of cardiac care data in Canada. For
catheterization, CABG and PCI procedures, a lack of clinical
information prevented us from adjusting for severity of illness
when comparing procedure rates. Such information would give
a much better picture of regional differences in access and
practice patterns for patients with a given level of illness.
Fortunately, many sites and provinces have recognized the
need for collecting detailed clinical information from all
patients undergoing cardiac catheterization, and tracking the
subsequent care and outcomes for these patients. In Alberta,
APPROACH has collected this information since 1995.
Meanwhile, the British Columbia Cardiac Registry has used a
similar system to collect information since 1999, and
APPROACH software is now being used to collect information in Saskatchewan, Nova Scotia, and at several sites in
Ontario. In Quebec, Réseau Québécois de Cardiologie Tertiare
has collected information on procedure rates; this information
is presented on their Web site (<www.rqct.qc.ca> [20]). In the
future, the possibility exists that information from these and
other initiatives may be used to provide a clearer and more
accurate picture of procedure rates in Canada.
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Limitations and interpretive cautions
Age- and sex-adjustment allowed for comparison of rates
across regions after controlling for regional variation in the distributions of age and sex. However, these rates did not account
for other risk factors, and procedural variations across regions
might have reflected regional differences in disease severity,
cardiac risk factors, comorbid conditions and other demographic factors. Consequently, high or low regional procedure
rates adjusted for age and sex may have reflected differences in
patient populations rather than differences in available
resources or clinical practice. The second major limitation of
our findings is our reliance on imperfect data sources for generated estimates of population rates of cardiac catheterization,
CABG surgery and PCI. As mentioned above, the development of cardiac registry initiatives across the country will
improve our ability to study the use and outcomes of cardiac
procedures, such as the ones studied here.

CONCLUSIONS
Despite its limitations, the present study has provided a valuable ‘snapshot’ of cardiac procedure use rates for all of Canada.
Our findings demonstrated considerable interprovincial and
inter-regional variation in use of cardiac catheterization,
CABG surgery and PCI. Recognizing that considerable uncertainty exists as to what procedure rates are ideal, cardiac care
providers and policy makers across Canada can refer to our
findings when considering their procedure rate projections and
targets for future years.
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Chapter 18: Revascularization use and survival outcomes
after cardiac catheterization in British Columbia and Alberta
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Canadian Cardiovascular Outcomes Research Team.
Revascularization use and survival outcomes after cardiac
catheterization in British Columbia and Alberta. Originally
published in Can J Cardiol 2004;20(14):1417-1423.
BACKGROUND: Alberta and British Columbia have comprehensive cardiac databases that provide detailed demographic, clinical
and procedural data, including coronary anatomy, on all patients
undergoing cardiac catheterization.
OBJECTIVES: To examine the baseline clinical characteristics of
patients undergoing cardiac catheterization, describe the use of revascularization treatments (percutaneous coronary intervention [PCI]
and coronary artery bypass grafting [CABG]) following catheterization, and describe survival after cardiac catheterization, stratified by
treatment strategy received and proposed, using cardiac databases
from Alberta and British Columbia.
PATIENTS AND METHODS: All patients between 20 and
105 years of age, admitted to hospital for their first coronary angiography between April 1, 1995, and March 31, 2001, with angiographic
evidence of coronary disease were included in the study. Procedure
volumes, baseline characteristics and therapy received within
one year of cardiac catheterization are described by province.
Stepwise, multivariate logistic regression analysis was used to model
determinants of the revascularization modality. Kaplan-Meier curves
of one-year survival after index cardiac catheterization were estimated
for the therapy received (Alberta and British Columbia) and the
therapy proposed (British Columbia only).
RESULTS: Patients were predominantly men (70%), commonly
presented with two- or three-vessel disease, and frequently had hypertension, a history of myocardial infarction and dyslipidemia. Within
one year of catheterization, 21% to 26% underwent CABG and 32%
to 42% underwent PCI. Emergency or urgent status at the time of
catheterization was associated with receiving PCI, while three-vessel
and left main disease were associated with receiving CABG. Patients
who did not undergo revascularization within one year (presumed
medical therapy) had the lowest one-year survival rate (93.4%;
95% CI 92.1% to 94.7%); this group comprised patients receiving
medical therapy as proposed (one-year survival rate of 95.7%,
95% CI 94.6% to 96.8%), as well as patients receiving medical therapy at variance with the proposal for revascularization (84.6%;
95% CI 80.5% to 88.9%).

CONCLUSIONS: Between 53.1% and 67.5% of patients presenting
for cardiac catheterization undergo revascularization within one year.
Urgent status increased the probability of PCI, and anatomy
(ie, three-vessel and left main) increased the probability of CABG.
Patients not undergoing proposed revascularization by one year had
poorer outcomes, in contrast with those proposed for medical therapy,
who had excellent outcomes.

Key Words: Angiography; Angioplasty; Bypass; Coronary disease;
Health outcomes; Revascularization

Taux de revascularisation et de survie après
un cathétérisme cardiaque en ColombieBritannique et en Alberta
CONTEXTE : L’Alberta et la Colombie-Britannique (C.-B.) sont dotées
de bases de données globales sur les maladies cardiovasculaires, qui
fournissent des renseignements détaillés d’ordre démographique, clinique
et chirurgical ou interventionnel, y compris de nature anatomocoronarienne, sur tous les patients ayant subi un cathétérisme cardiaque.
BUTS : Relever les caractéristiques cliniques de départ des patients ayant
subi un cathétérisme cardiaque; examiner le recours aux traitements de
revascularisation (intervention coronarienne percutanée [ICP] ou
pontage coronarien) après le cathétérisme; dégager les taux de survie
après le cathétérisme, suivant les stratégies de traitement appliqué ou
proposé, à partir des bases de données des deux provinces.
PATIENTS ET MÉTHODE : Tous les patients âgés entre 20 et 105 ans,
hospitalisés pour une première coronarographie entre le 1er avril 1995 et le
31 mars 2001 et présentant des signes angiographiques de coronaropathie
ont été retenus dans l’étude. Nous avons d’abord recueilli, dans chacune des
provinces, des données sur les volumes d’intervention, les caractéristiques
de départ et le traitement appliqué au cours de l’année ayant suivi le
cathétérisme. Nous avons ensuite modélisé les déterminants des formes de
revascularisation à partir des résultats de l’analyse séquentielle,
multifactorielle, de régression logistique. Nous avons enfin appliqué la
méthode de Kaplan-Meier pour estimer les courbes de survie au bout d’un an
après le cathétérisme cardiaque de référence en fonction du traitement
appliqué (Alberta et C.-B.) et du traitement proposé (C.-B. seulement).
RÉSULTATS : La plupart des patients (70 %) étaient des hommes; ils
présentaient souvent une atteinte bi- ou tritronculaire, de l’hypertension,
des antécédents d’infarctus du myocarde et de la dyslipidémie. Au cours
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de l’année suivant le cathétérisme, de 21 à 26 % des patients avaient subi
un pontage et de 32 à 42 %, une ICP. Les ICP étaient associées aux soins
d’urgence au moment du cathétérisme et les pontages, aux atteintes
tritronculaires et aux lésions du tronc coronaire gauche. Les patients qui
n’avaient pas subi de traitement de revascularisation au cours de l’année
suivant le cathétérisme (traitement médical supposé) connaissaient le taux
de survie le plus faible au bout d’un an (93,4 %; intervalle de confiance
[IC] à 95 % : 92,1 % – 94,7 %). Ce groupe se composait de patients soumis
au traitement médical proposé (95,7 % : taux de survie au bout d’un an;
IC à 95 % : 94,6 % – 96,8 %) et de patients suivant un traitement médical

de rechange au traitement de revascularisation proposé mais non désiré
(84,6 %; IC à 95 % : 80,5 % – 88,9 %).
CONCLUSIONS : Entre 53,1 et 67,5 % des patients soumis à un
cathétérisme cardiaque ont subi un traitement de revascularisation au
cours de l’année qui a suivi. Les soins d’urgence étaient davantage associés
aux ICP et les facteurs anatomiques (atteinte tritronculaire ou lésions du
tronc coronaire gauche), au pontage. Les patients qui n’avaient pas subi le
traitement de revascularisation proposé au bout d’un an connaissaient
l’issue la plus défavorable, contrairement aux patients soumis au traitement
médical proposé, qui connaissaient une issue très favorable.

ardiovascular disease accounts for a high proportion of
deaths, morbidity and health care costs in Canada.
Cardiac catheterization is an important diagnostic test to
detect the presence and severity of coronary artery disease.
Because cardiac catheterization is a necessary precursor to percutaneous coronary intervention (PCI) and coronary artery
bypass grafting (CABG), its availability limits access to these
revascularization procedures. Understanding the subsequent
fate of those who have had cardiac catheterization provides
important insight into the decision-making processes used by
those providing cardiovascular care.
Alberta and British Columbia have comprehensive cardiac
catheterization databases that provide detailed demographic,
clinical and procedural data, including coronary anatomy, on
all patients undergoing cardiac catheterization. A key strength
of these databases is the complete capture of a geographically
defined population of patients. This reduces selection bias,
inherent in institution-specific analyses, and facilitates comprehensive follow-up. These databases provide a unique opportunity to describe the clinical events that occur after cardiac
catheterization and the baseline clinical characteristics that
are associated with the occurrence of events. Our specific
objectives in the present study were to describe the baseline
clinical characteristics of patients undergoing cardiac catheterization in Alberta and British Columbia; to describe the use of
revascularization treatments (PCI and CABG) after catheterization; and to describe survival outcomes after cardiac
catheterization, stratified by the initially proposed treatment
strategy (PCI versus CABG versus medical therapy).

Columbia Cardiac Registries. The two provincial cardiac registry
initiatives are collaborating entities, and efforts have been made to
standardize data definitions in the two registries so that data-sharing
initiatives, such as the present analysis, can proceed seamlessly.

C

PATIENTS AND METHODS
Patients
All patients admitted to hospital for diagnostic cardiac catheterization between April 1, 1995, and March 31, 2001, in Alberta and
between July 1, 1999, and March 31, 2001, in British Columbia
were eligible for the study cohort. All analyses are based on the
first, or index, catheterization only. Therefore, for a patient who
underwent more than one catheterization during this period, only
the first event was considered. Similarly, patients with a known
history of previous PCI or CABG were excluded. Those undergoing both a cardiac catheterization and PCI during the same session
(an ad hoc procedure) were counted as undergoing a catheterization and PCI. Patients younger than 20 years of age, older than
105 years of age or with normal coronaries (ie, no visible lesions)
by angiography were also excluded.

Data sources
Data on patients undergoing cardiac catheterization in Alberta
were obtained from the Alberta Provincial Project for Outcome
Assessment in Coronary Heart Disease (APPROACH). Data on
British Columbia patients were obtained from the British

Variables
Urgency status is captured in the registries at the time of cardiac
catheterization, and coded as “emergency” (priority case – proceed
without delay; laboratory opened after hours, if necessary),
“urgent” (patient requires procedure as soon as possible before hospital discharge), “semi-urgent” (high priority outpatient, maximum wait target of one month) or “elective” (next available
outpatient slot). Comorbidities were determined based on data
recorded in the registries and/or on International Classification of
Diseases, 9th revision (Clinical Modification) (1) coding of comorbidity in the hospitalization record at the time of the index visit
(2). Comorbidity was deemed present if recorded either in the registries or in the hospital record. Coronary anatomy is recorded in
the respective registries at the time of index catheterization, and a
vessel is considered to be diseased when it has a lesion causing at
least 50% luminal diameter reduction.
The registries also capture ejection fraction at the time of diagnostic catheterization and the initial treatment proposed by the
angiographer. The initial treatment proposed by the angiographer
at the time of cardiac catheterization was used to evaluate outcomes on the basis of ‘proposed therapy’. In addition to diagnostic
cardiac catheterization data, both registries prospectively capture
revascularization procedures – PCIs and CABGs – performed in
the respective provinces.

Analyses
Use of revascularization procedures following cardiac catheterization is reported as proportions of patients undergoing PCI, CABG
(with or without valve procedures) or medical therapy within
one year of cardiac catheterization. Thus, if revascularization
occurred more than one year after cardiac catheterization, the
patient was deemed to have received medical therapy. Stepwise,
multivariate logistic regression analysis was used to model determinants of the revascularization modality. Urgency status, anatomy
and comorbidities were first examined in univariate analyses.
Those variables significantly associated with the revascularization
modality (P<0.1) were entered stepwise into a multivariate model.
Determinants of the revascularization modality (PCI versus
CABG) were first modelled separately for each province. Because
of the consistent findings, the data sets were combined for the
period between July 1, 1999, and March 31, 2000, and only the
combined analysis is presented. Kaplan-Meier curves of unadjusted
survival after the index cardiac catheterization are presented by
therapy received for both provinces. For British Columbia only,
Kaplan-Meier curves of one-year survival by therapy initially proposed are also presented.
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TABLE 1
Overall* and index† cardiac catheterization procedures by year and province
Alberta
Year

British Columbia
Rate per 100,000
Overall
Index

Overall

Index

1995/1996

7295

4052

385.3

1996/1997

7534

4131

393.0

1997/1998

7938

4178

1998/1999

8591

1999/2000
2000/2001

Rate per 100,000
Overall
Index

Overall

Index

214.0

N/A

N/A

N/A

N/A

215.5

N/A

N/A

N/A

N/A

406.5

214.0

N/A

N/A

N/A

N/A

4291

428.6

214.1

N/A

N/A

N/A

N/A

9835

5137

477.8

249.6

9392

5188‡

N/A

N/A

10,470

5807

498.7

276.6

15,144

7695

499.6

253.9

*Counts reflect the total number of cardiac catheterization procedures performed in each fiscal year; †Index cases exclude patients with prior cardiac catheterization, percutaneous coronary intervention or coronary artery bypass grafting, and patients without angiographic evidence of coronary disease; ‡Nine months of data
only, beginning July 1, 1999. N/A Data not available

TABLE 2
Baseline characteristics at the time of index cardiac
catheterization

Women (%)

Alberta
(n=27,596)

British Columbia
(n=12,883)

28.6

28.6

TABLE 3
Therapy received within one year of cardiac
catheterization
Alberta

British Columbia

CABG
(%)

PCI
(%)

Medical Tx
(%)

CABG
(%)

PCI
(%)

Medical Tx
(%)

7.3

5.2

1995/1996

24.2

32.2

43.6

N/A

N/A

N/A

Urgent/semi-urgent (%)

63.1

53.9

1996/1997

23.7

34.9

41.4

N/A

N/A

N/A

Elective (%)

29.6

40.8

1997/1998

23.4

36.3

40.4

N/A

N/A

N/A

1998/1999

24.4

38.0

37.5

N/A

N/A

N/A

Emergency (%)

Age (%)
20 to 49 years

14.3

9.9

1999/2000

22.9

37.6

39.6

25.8

41.2

33.1

50 to 64 years

38.1

36.0

2000/2001

20.9

38.8

40.3

24.3

41.7

34.1

65 to 74 years

31.2

32.8

75+ years

16.4

21.4

CABG Coronary artery bypass grafting; N/A Data not available;
PCI Percutaneous coronary intervention; Tx Therapy

Diseased vessels (%)
<50% or one vessel

40.0

35.8

Two vessels

24.0

23.9

Three vessels

28.0

32.0

Left main
Renal dysfunction (%)*

8.0

8.3

2.7

2.5

Congestive heart failure (%)

14.7

12.2

Prior myocardial infarction (%)

48.9

38.4

Hypertension (%)

53.0

53.0

Diabetes mellitus (%)

20.0

23.1

Dyslipidemia (%)

47.3

55.6

Peripheral vascular disease (%)

7.9

9.4

Prior stroke (%)

6.5

8.6

Ejection fraction (%)
<30%
30% to 50%

4.7

4.0

20.5

21.3

*Elevated creatinine or on dialysis

RESULTS
Index cardiac catheterization by year and province
The study cohort comprised all patients with angiographic evidence of coronary disease undergoing their first (index) cardiac
catheterization in Alberta and British Columbia. In Alberta,
from 1995/1996 to 1998/1999, the number of index procedures
was fairly stable but increased substantially in 1999/2000 and
again in 2000/2001 (Table 1). In Alberta, of 37,875 index
catheterizations, 4808 (12.7%) were excluded because they
were normal and 5471 (14.4%) were excluded because the
patients had a previous PCI or CABG, leaving 27,596 in the
144

analysis. In British Columbia, of 20,840 index catheterizations,
4231 (20.3%) were excluded because they were normal,
3722 (17.9%) were excluded because the patients had a previous
PCI or CABG, and four were excluded because of age, leaving
12,883 in the analysis.
Baseline characteristics of patients presenting for cardiac
catheterization
Baseline characteristics of patients from British Columbia and
Alberta with angiographic evidence of coronary disease at the
time of their index catheterization are presented in Table 2. In
both provinces, more than one-half of the procedures were
semi-urgent or urgent, less than 30% of the patients were
women, more than two-thirds of patients were between the ages
of 50 and 74 years, the majority of the patients had two- or
three-vessel or left main disease, and one-quarter had ejection
fractions less than 50%. The most common comorbidities were
hypertension, prior myocardial infarction and dyslipidemia.
Therapy received within one year of index catheterization
Table 3 illustrates the distribution of therapies received within
one year of the index catheterization. It is important to note that
if a patient underwent PCI and then CABG, they appear as PCI
for this analysis. If they underwent neither a PCI nor a CABG
within one year of cardiac catheterization, then they were considered to have received medical therapy. In both provinces, the
lowest proportion of patients (21% to 26%) received CABG. In
Alberta, the remaining patients were almost equally distributed
between PCI and medical therapy, except between 1995/1996
and 1997/1998. In British Columbia, patients were most likely
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TABLE 4
Therapy received within one year of cardiac catheterization by age and sex
Alberta

British Columbia

Sex

Age (years)

CABG (%)

PCI (%)

Medical Tx (%)

CABG (%)

Men

20–49 (n=3241)

13.3

50.0

36.8

14.1

59.2

26.7

50–64 (n=8044)

24.0

41.1

34.9

23.6

46.7

29.8

65–74 (n=5812)

31.5

31.3

37.2

33.8

34.5

31.7

75+ (n=2611)

30.8

27.8

41.5

32.3

33.3

34.4

20–49 (n=710)

10.6

41.8

47.6

12.0

50.0

38.0

50–64 (n=2476)

14.4

34.6

51.0

17.9

41.2

40.8

65–74 (n=2790)

21.7

32.0

46.2

20.7

40.0

39.3

75+ (n=1912)

17.9

29.4

52.7

18.9

38.2

43.0

Women

PCI (%)

Medical Tx (%)

CABG Coronary artery bypass grafting; PCI Percutaneous coronary intervention; Tx Therapy

TABLE 5
Baseline characteristics by therapy received within one year of cardiac catheterization
Alberta

British Columbia

CABG (%)

PCI (%)

Medical Tx (%)

CABG (%)

PCI (%)

Emergency

10.9

71.8

17.4

11.7

76.7

Medical Tx (%)
11.7

Urgent/semi-urgent

24.1

38.7

37.2

23.8

48.1

28.1

Elective

23.7

27.1

49.2

27.9

28.3

43.8

Diseased vessels
<50% or one vessel

3.6

39.4

57.0

4.9

46.9

48.2

15.2

52.4

32.4

16.2

58.5

25.3

Three vessels

42.3

27.8

29.9

42.8

30.2

27.0

Left main

77.0

4.8

18.2

66.7

12.3

20.9

Renal dysfunction

25.9

24.8

49.3

24.0

28.1

48.0

Congestive heart failure

25.6

25.0

49.4

30.1

24.5

45.4

Prior myocardial infarction

23.7

41.7

34.9

24.7

47.9

27.4

Two vessels

Hypertension

25.7

33.4

40.9

26.2

38.9

35.0

Dyslipidemia

25.8

38.5

35.7

26.7

41.1

32.3

Diabetes mellitus

27.5

31.4

41.1

28.2

37.0

34.9

Peripheral vascular disease

31.4

23.3

45.4

28.8

32.5

38.7

Prior stroke

30.3

25.6

44.1

30.8

30.2

39.0

<30%

22.8

21.1

56.2

30.2

24.1

45.7

30% to 50%

28.9

34.4

35.8

28.2

40.3

31.5

>50%

21.1

37.6

41.3

24.4

40.1

35.5

23.9

30.9

45.2

23.3

36.1

40.6

Ejection fraction

Other comorbidities*

*Pulmonary, liver, gastrointestinal or malignancy. CABG Coronary artery bypass grafting; PCI Percutaneous coronary intervention; Tx Therapy

to undergo PCI after cardiac catheterization. A slightly higher
proportion of patients in British Columbia compared with in
Alberta were revascularized.

in those older than 75 years. At all ages and for both men and
women, medical therapy was more common in Alberta than in
British Columbia.

Therapy received by age and sex
As shown in Table 4, women of all ages were less likely to
undergo CABG than were men in both British Columbia and
Alberta. All patients younger than 65 years of age were more
likely to receive PCI than CABG. Men younger than 65 years
of age were more likely to undergo PCI than were women of
the same age. However, among those 65 years and older,
women were more likely to undergo PCI than men. In general,
women were more likely to receive medical therapy than
revascularization. The proportion of patients undergoing PCI
declined with increasing age, while the proportion undergoing
CABG increased up to 65 to 74 years of age and then declined

Baseline characteristics and therapy received
The effects of urgency, anatomy and comorbidities on therapy
received in each province are illustrated in Table 5. Threequarters of patients with emergency status at the time of cardiac catheterization were revascularized by PCI, while elective
patients were most likely to receive medical therapy. Patients
with left main disease were most likely to undergo CABG. For
those with diabetes mellitus, medical therapy (Alberta) and
PCI (British Columbia) were used more often than CABG.
Prior stroke, peripheral vascular disease, renal dysfunction,
congestive heart failure and an ejection fraction less than 30%
were associated with receiving medical therapy.
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TABLE 6
Multivariate determinants of revascularization modality
received
OR

Emergency*

634

6.30

4.74–8.37

Urgent*

5287

2.12

1.88–2.38

Favours

Prior MI

4918

1.38

1.23–1.54

PCI

50 to 64 years†

3756

0.68

0.56–0.82

Favours

years†

CABG

3069

0.48

0.40–0.58

75+ years†

1828

0.66

0.54–0.82

Hypertension

5248

0.88

0.79–0.98

PVD

806

0.80

0.67–0.97

Men

7434

0.74

0.66–0.84

EF (30% to 50%)‡

2680

0.82

0.73–0.93

EF (<30%)‡

364

0.76

0.58–1.01

65 to 74

Prior stroke

712

0.70

0.57–0.85

CHF

1037

0.51

0.43–0.61

2619

0.33

0.28–0.39

3380

0.06

0.05–0.07

979

0.01

0.00–0.01

Two vessels§
Three

vessels§

Left main§

100

95% CI

*Compared with elective (n=3124); †Compared with patients aged 20 to
49 years (n=1238); ‡Compared with ejection fraction (EF) greater than 50%
(n=6747); §Compared with one-vessel disease or less than 50% disease
(n=2813). CABG Coronary artery bypass grafting; CHF Congestive heart failure; MI Myocardial infarction; PCI Percutaneous coronary intervention;
PVD Peripheral vascular disease

98
Survival (%)

n
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96
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94

Medical

92
0

6 months

1 year

B
100

98
Survival (%)

Characteristic

A

PCI

96

CABG

Determinants of revascularization modality within one year
of cardiac catheterization
Table 6 presents the results of a multivariate analysis predicting
the type of revascularization in an analysis confined to patients
who were revascularized (ie, medically treated patients were
excluded from the analysis). Data from both provinces were
combined for the analysis (n=9790; time frame July 1, 1999, to
March 31, 2000). Urgency status and prior myocardial infarction were associated with PCI. Increasing age, male sex,
reduced ejection fraction, history of stroke or congestive heart
failure, left main disease and multivessel disease were associated
with CABG. Hypertension and peripheral vascular disease
were weakly associated with CABG in Alberta.
One-year survival after index cardiac catheterization
Kaplan-Meier curves of survival one year after cardiac
catheterization are presented in Figures 1A (Alberta) and 1B
(British Columbia). The curves present survival based on the
therapy received. Patients who did not undergo PCI or CABG
within one year were classified as medical therapy, although it
is important to appreciate that patients undergoing revascularization would get medical therapy as well. As illustrated,
patients who did not undergo PCI or CABG within one year
had the lowest survival rates (93.4%; 95% CI 92.1% to 94.7%)
and patients who received PCI had the best survival rates
(96.8%; 95% CI 96.0% to 97.7%).
Therapy received compared with therapy recommended
(British Columbia data only)
To understand the difference between medical therapy
prospectively assigned and medical therapy defined as the
absence of revascularization, the proportion of patients who
received the therapy first proposed by the angiographer at the
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94

Medical

92
0

6 months

1 year

Figure 1) One-year survival following cardiac catheterization for
patients in Alberta (A) and British Columbia (B). CABG Coronary
artery bypass grafting; Medical Medical therapy; PCI Percutaneous
coronary intervention
TABLE 7
Therapy received compared with therapy proposed at time
of catheterization (British Columbia only)
Therapy received
CABG

PCI

Medical Tx

853 (22.5%)

Therapy proposed
CABG

2735 (72.3%)

197 (5.2%)

PCI

166 (3.3%)

4745 (93.2%)

178 (3.5%)

Medical Tx

185 (5.3%)

254 (7.3%)

3026 (87.3%)

CABG Coronary artery bypass graft; PCI Percutaneous coronary intervention;
Tx Therapy

time of index catheterization was determined. As shown in
Table 7, patients referred for PCI were the most likely to
undergo the proposed therapy (93.2%). Only 12.7% of those
for whom the initial proposal was for medical therapy underwent revascularization in the next year. In contrast, 27.7% of
patients for whom CABG was first proposed did not undergo
CABG; 5.2% underwent PCI instead and the remainder
(22.5%) received medical therapy.
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Revascularization and survival after cardiac catheterization

100

Survival (%)

98

PCI

96
Medical

Survival (%)

100

95

90

94
85
CABG

0

6 months

1 year

92
0

6 months

1 year

CABG (as recommended)

Medical (as recommended)

PCI (as recommended)

Medical (recommended for PCI/CABG)

Figure 2) One-year survival following cardiac catheterization for
patients in British Columbia according to the angiographer’s initially proposed treatment. Patients proposed for coronary artery bypass grafting
(CABG) had the lowest rate of survival. Medical Medical therapy;
PCI Percutaneous coronary intervention

Figure 3) One-year survival following cardiac catheterization for patients
in British Columbia according to the angiographer’s initially proposed
treatment and the treatment received. Patients who received medical therapy (Medical) when percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) was proposed had the lowest rate of
survival

To understand the impact of concordance with proposed
therapy on survival, we plotted survival based on therapy proposed (Figure 2) for British Columbia patients. PCI (97.1%;
95% CI 96.3% to 97.9%) and medical therapy (95.7%;
95% CI 94.6% to 96.8%) had the highest one-year survival
rate, while patients proposed for CABG had the lowest survival rate. To further evaluate those who were proposed for
CABG or PCI but did not undergo revascularization, the survival rate of patients where therapy received and proposed
were concordant, and of patients where proposed therapy
(revascularization) and therapy received (medical therapy)
were discordant, were plotted. As illustrated in Figure 3, the
discordant group had the lowest survival rates (84.6%; 95% CI
80.5% to 88.9%). There was very little difference in survival
between medical therapy, PCI and CABG when therapy proposed and received were concordant.

procedures undergo PCI, probably reflecting several attractive
features of PCI for those who are unstable: immediate availability, low morbidity, a high rate of immediate procedural success and an effective reperfusion strategy for those with acute
myocardial infarction. The rate for PCI (approximately 40%)
remains higher than that for CABG among patients in the
urgent or semi-urgent category, and only in the elective category are patients roughly equally allocated to PCI or CABG.
The increasing use of PCI over time is consistent with the
analysis of national revascularization rates presented by Faris
et al (3). One must question whether the perceived faster
access to PCI than CABG is driving the process of therapy
selection or whether cardiologists and patients would choose
PCI even if CABG were available with exactly the same waiting time. The high rate of PCI use may also reflect acceptance
of a strategy of PCI of presumed culprit lesions accompanied by
aggressive secondary prevention therapy as a suitable alternative to attempting to achieve complete revascularization.
More than one-half of the patients with two-vessel disease
undergo PCI, while less than one-third of those with threevessel disease receive PCI, possibly reflecting the increasing
risk of restenosis with increasing numbers of vessels treated, a
presumed desire to achieve complete revascularization, and the
substantial increases in costs that accrue as the number of
catheters and stents used increases. PCI was used in approximately one-third of those with diabetes mellitus. Thus, the
publication of the Bypass Angioplasty Revascularization
Investigation (BARI) results (4) showing an unfavourable outcome of PCI compared with CABG in the subgroup with diabetes has not resulted in abandonment of PCI in this high-risk
population. The lower restenosis rates with drug-eluting stents
could result in a shift toward PCI if concerns about restenosis
prompt the selection of CABG.
The therapy received by age and sex is interesting and
reflects the complex decision-making required following
coronary angiography. It is apparent that a substantially lower
proportion of women than men receive CABG procedures
following coronary angiography. Although this has previously

DISCUSSION
In a cohort comprising patients presenting for their first cardiac
catheterization with angiographic evidence of coronary disease,
between 53% and 68% undergo revascularization within one
year. The rate of catheterizations in Alberta increased from
385.3 per 100,000 population in 1995/1996 to 498.7 per 100,000
in 2000/2001. In British Columbia, the rate of cardiac catheterization in 2000/2001 was 499.6 per 100,000 population.
Urgent status increased the probability of undergoing PCI,
and anatomy (ie, three vessel and left main) increased the
probability of CABG. Patients who did not undergo revascularization within one year had the lowest one-year survival rate
(93.4%). This group comprised patients receiving medical
therapy as proposed at the time of cardiac catheterization
(one-year survival rate of 95.7%), as well as patients receiving
medical therapy at variance with the proposal for revascularization at the time of cardiac catheterization (one-year survival
rate of 84.6%).
The baseline characteristics of the population undergoing
index coronary angiography appear to drive the process of treatment selection. More than 70% of those having emergency
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been attributed to a sex bias in the selection of therapy,
recent analysis of data from APROACH (5) has shown that
the differences were almost entirely accounted for by differences in the extent of coronary artery disease and that the
apparent sex bias disappeared once these important clinical
differences were accounted for. Although the proportion of
women receiving CABG is low and approximately equal in
Alberta and British Columbia, the proportion of women at
every age who undergo PCI is higher (by approximately 5%) in
British Columbia than in Alberta. It is interesting to observe
that revascularization rates in those age 75 years and older are
similar to those for younger patients, although slightly lower.
The overall rate of major adverse cardiac events in the very
elderly undergoing PCI is high (6) but better with an invasive
approach than with a conservative approach, as recently confirmed in the trial of invasive versus medical therapy in elderly
patients with chronic symptomatic coronary artery disease (the
TIME trial [7]). APPROACH recently reported that survival
in the elderly following revascularization is very good (8). The
challenges of delivering cardiovascular care to the elderly have
been reviewed (9).
It is impossible to completely rationalize the determinants
of therapy received versus therapy proposed by the angiographer
at the time of coronary angiography. It is important to note
that the angiographer’s proposal is a preliminary one made at
the time of the procedure, which is heavily influenced by the
anatomy and commonly made before discussion with the
patient and review by a cardiac surgeon. Additionally, the
angiographer may not be completely familiar with the patient
or the factors determining the patient’s preferences (10,11).
For example, the angiographer may not be aware that the
patient is determined not to have CABG and may recommend
it based on anatomy and left ventricular function. The angiographer may also not be aware of multiple mild or moderate
comorbidities not particularly relevant to the angiogram but
which, in total, significantly increase the risk for CABG. The
attending cardiologist or cardiac surgeon to whom the patient
is referred may have different perceptions of risk and benefit
from those used by the angiographer in making the initial proposal (12). Because many factors are at play, it is not surprising
that a substantial proportion of those patients for whom the
angiographer’s initial proposal was for CABG in fact received
PCI or medical therapy. Nonetheless, the prognosis of those
who did not receive CABG as proposed was poorer than those
who did. This finding is consonant with those of Hemingway
et al (13), who studied the outcomes of patients whose clinical
situations were deemed appropriate, inappropriate or uncertain
for CABG. For those who received medical therapy but were
deemed appropriate for CABG, the hazard ratio for death was
4.96 (95% CI 3.27 to 7.51); for those deemed uncertain for
CABG, the hazard ratio was 1.66 (95% CI 0.95 to 2.86), and
for those deemed inappropriate for CABG, it was 0.65
(95% CI 0.18 to 2.28) (13).
In the present study, patients for whom CABG was proposed but who received medical therapy had a poor prognosis.
However, those who received medical therapy as proposed by
the angiographer had a very good prognosis. It seems that currently there is an impetus to revascularize once angiography
has been performed. However, the finding of an excellent
prognosis for those proposed and receiving medical therapy
should comfort those who choose to propose medical therapy
when the anatomy is not threatening.
148

CONCLUSIONS
The pattern of revascularization use following coronary
angiography in British Columbia and Alberta is consistent
with national trends (3). Choice of revascularization modality
is driven by urgency status, with increasing urgency favouring
PCI, and anatomy, with three-vessel disease favouring CABG.
Survival with each modality is excellent, particularly when the
therapy is concordant with the angiographer’s initial preliminary proposal. While the results apply most directly to Alberta
and British Columbia, the general insights gained from these
analyses undoubtedly apply to other provinces as well.
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Chapter 19: Outcomes after coronary artery bypass graft
surgery in Canada: 1992/93 to 2000/01
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for the Canadian Cardiovascular Outcomes Research Team

WA Ghali, H Quan, FM Shrive, GM Hirsch, for the
Canadian Cardiovascular Outcomes Research Team.
Outcomes after coronary artery bypass graft surgery in
Canada: 1992/93 to 2000/01. Originally published in Can J
Cardiol 2003;19(7):774-781.
BACKGROUND: The authors have previously reported on
Canada-wide outcomes of coronary artery bypass graft (CABG) surgery for 1992/93 through 1995/96.
OBJECTIVE: To provide an updated Canada-wide CABG surgery
outcome report with outcome data organized by province and by year
for 1992/93 through 2000/01.
METHODS: Hospital discharge abstract data were obtained from
the Canadian Institute for Health Information and were used to identify all patients who underwent isolated CABG surgery in eight
provinces from fiscal year 1992/93 through 2000/01. Crude data from
Quebec hospitals were available for calendar years 1998 and 1999.
Logistic regression modelling was used to calculate risk-adjusted
in-hospital mortality rates by year and province.
RESULTS: Patients undergoing CABG surgery in the later years
studied were on average older and had more comorbidities than did
patients undergoing this surgery in earlier years. Despite increasing
case complexity, risk-adjusted mortality rates decreased significantly
from 3.5% (95% CI 3.2% to 3.8%) to 2.0% (95% CI 1.8% to 2.3%).
Risk-adjusted mortality rates varied between provinces. Provincial
risk-adjusted mortality rates ranged from 2.0% to 3.3%. However, all
provinces studied had either persistently low mortality rates (Nova
Scotia) or declining mortality rates across years studied, such that all
provinces achieved risk-adjusted mortality rates of 2.7% or lower in
2000/01.
CONCLUSIONS: This evaluation of Canadian CABG surgery outcomes demonstrates a pattern of either steadily improving or persistently favourable provincial in-hospital mortality rates after isolated
CABG surgery. These favourable provincial outcome trends have
been achieved despite an accompanying increase in the average case
complexity of patients undergoing CABG in Canada.

Résultats des pontages aorto-coronariens par
greffe au Canada : de 1992-93 à 2000-01
CONTEXTE : Les auteurs ont publié antérieurement un rapport sur les
résultats des pontages aorto-coronariens par greffe (PAC) à l’échelle du
Canada pour la période de 1992-93 à 1995-96.
OBJECTIF : Produire un rapport actualisé sur les résultats des PAC à
l’échelle du Canada selon une division des données par province et par
année pour la période de 1992-93 à 2000-01.
MÉTHODES : On s’est servi des données du registre des hôpitaux
obtenues auprès de l’Institut canadien d’information sur la santé pour
établir la cohorte des patients ayant subi une intervention isolée de PAC
dans huit provinces au cours des exercices de 1992-93 à 2000-01. On a eu
accès à des données brutes des hôpitaux du Québec pour les années civiles
de 1998 et 1999. On a fait appel à la modélisation de régression logistique
pour calculer les taux de mortalité à l’hôpital corrigés en fonction du
risque par année et par province.
RÉSULTATS : Les patients qui ont fait l’objet d’un PAC dans les
dernières années de la période d’étude étaient en moyenne plus âgés et
présentaient davantage de comorbidité que ceux ayant subi la même
intervention au début de cette période. Malgré la complexité grandissante
des cas, le taux de mortalité corrigé en fonction du risque a considérablement diminué, passant de 3,5 % (IC 95 % : 3,2-3,8 %) à 2 % (IC 95 % :
1,8-2,3 %). Par ailleurs, ce taux variait selon les provinces – allant de 2 à
3,3 %. Cependant, toutes les provinces ayant fait l’objet de l’étude présentaient soit un faible taux de mortalité constant (Nouvelle-Écosse), soit un
taux de mortalité allant en décroissant au cours de la période d’étude, si
bien que l’ensemble des provinces ont atteint un taux de mortalité corrigé
en fonction du risque de 2,7 % ou plus faible en 2000-01.
CONCLUSIONS : Ces résultats des interventions de PAC au Canada
révèlent un modèle de diminution du taux de mortalité en hôpital ou de
maintien d’un faible taux à la suite d'une intervention isolée de PAC. Ces
courbes favorables au niveau provincial ont été atteintes malgré l’augmentation parallèle de la complexité moyenne du cas des patients qui
subissent un PAC au Canada.

Key Words: Canada; Cardiac procedure; Coronary artery bypass
graft surgery; Hospital discharge data; Mortality rates; Patient
outcomes
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oronary artery bypass graft (CABG) surgery has been frequently studied in health outcome studies because it is a
high volume procedure requiring complex surgical and perioperative care, with readily measurable adverse event rates that
are occasionally quite high. This interest in CABG surgery
outcomes has led to the development of detailed clinical registries in New York state (1), northern New England (2),
Pennsylvania (3) and Ontario (4), which have permitted the
creation of hospital outcome reports presenting risk-adjusted
mortality rates based on detailed clinical data.
In the absence of detailed clinical data on all CABG surgery procedures in Canada, we previously reported on Canadawide outcomes of CABG surgery for 1992/93 through 1995/96
using discharge abstract data from the Canadian Institute for
Health Information (CIHI) (5,6). In a follow-up study (7), we
demonstrated that our Ontario findings derived from administrative data closely approximated those derived from analysis
of more detailed clinical data compiled by the Cardiac Care
Network of Ontario. Reassured by these latter findings, we
concluded that, in the absence of detailed clinical registry
data, administrative hospital discharge data were useful for
generating global CABG surgery outcome reports. The resulting reports derived from administrative data can be verified by
more detailed follow-up analyses of clinical factors in individual hospitals or regions where administrative data findings
point to a need for more in-depth evaluation.
Our general objective was to update our prior Canada-wide
CABG outcome reporting with five more recent years of data
because our previously published outcome reports (5,6)
extended only to the end of fiscal year 1995/96. This new
report focuses on isolated CABG surgery only, while our previous CABG outcome reports included patients undergoing
combined CABG and valve procedures.
Our specific objectives were to report on 1) the Canadawide in-hospital mortality rate for isolated CABG surgery from
1992/93 through 2000/01, 2) risk-adjusted in-hospital mortality
rates across provinces for the entire nine year period, and
3) trends in risk-adjusted mortality rates over time for the
country as a whole and by province. The resulting analyses will
inform Canadians about outcomes associated with the performance of this major invasive cardiac procedure in Canada.

C

METHODS
Data sources
Hospital discharge abstract data were used for this Canada-wide
study of CABG outcomes because a more detailed national database for CABG does not exist. Although some reports have shown
that better risk adjustment is possible when prospectively collected
clinical databases are available (8-12), work by Landon et al (13)
and the authors’ prior work described above (7) demonstrate
that valid risk adjustment is achievable with hospital discharge
data.
The data for this study were obtained from CIHI, which compiles discharge records of acute care hospital admissions in all
Canadian provinces and territories. As of 1995, some provinces
were recording clinical information in the form of codes from the
ninth revision of the International Classification of Diseases, Clinical
Modification (ICD-9-CM) (14) and others were still using the older
ICD-9 codes for diagnoses and the Canadian Classification of
Procedures (CCP) codes (15) for procedures. For this study, CIHI
created a uniform database by converting codes from provinces
using ICD-9-CM to ICD-9 codes for diagnoses and to CCP codes
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for procedures. Data were studied for fiscal years 1992/93 through
2000/01 (Quebec data were available only for calendar years 1998
and 1999). Fiscal years began each April 1 and ended the following March 31.
CABG cases were identified by screening all hospital discharges for CCP codes 48.11 through 48.19. All cases of CABG
performed in patients 18 years or older were included and cases
where a concomitant valve procedure (CCP codes 47.0 through
47.9) was performed (ie, combined CABG and valve surgery)
were excluded. All hospitals studied performed over 150 isolated
CABG cases per year, with most performing 200 or more procedures annually.

Definitions of variables and statistical analysis
The outcomes of interest were crude and risk-adjusted rates of
in-hospital mortality. Logistic regression modelling was used to
adjust mortality rates for differences in sociodemographics, comorbidity and condition-specific indicators of average illness severity
across the years and provinces. It was important to adjust for average severity of illness on admission in order to assess mortality
rates with a ‘level playing field’ across years and provinces studied
(16,17).
The sociodemographic variables studied were age and sex. For
comorbidity, an ICD-9 coding scheme was used to identify 17
comorbidity variables that constitute the Charlson comorbidity
index (18). A condition was considered present only when the
‘diagnosis type’ indicator (in the CIHI database) was consistent
with diagnoses that were present before the procedure (19).
Comorbidity variables were evaluated individually for associations
with mortality rather than assigning a Charlson comorbidity score
to each case, because the weighting of the Charlson index is suboptimal for CABG surgery cases (20).
Data for 1992/93 through 2000/01 were pooled for analysis.
Because Quebec reported only crude data for calendar years 1998
and 1999 without information on diagnosis type, data from that
province were excluded from the risk adjustment analysis.
To develop an updated logistic regression model for risk adjustment, the authors used the main-effect variables and interaction
terms identified in prior published work on CABG surgery outcomes in Canada between 1992/93 and 1995/96 (5,6), and calculated new updated beta coefficients for the full data set evaluated
in this study, with data extending from 1992/93 through 2000/01.
The main-effect variables predicting mortality in this risk adjustment model were age, female sex, urgent admission, peripheral
vascular disease, cerebrovascular disease, hemiplegia, chronic
renal disease, metastatic cancer, congestive heart failure, recent
myocardial infarction, prior CABG, same day admission percutaneous coronary intervention and ventricular aneurysm (5,6). The
full logistic regression model used for risk adjustment in this study
(ie, main-effect variables and interaction terms with corresponding beta coefficients) is presented in Appendix 2.
To assess the performance of this updated risk adjustment model,
the authors calculated the c statistic (a measure of model discrimination that equals the area under the receiver operating characteristic curve [17]) and found it to be 0.754 – a result indicating
strong model discrimination.
The updated risk adjustment model was used to calculate the
predicted probability of in-hospital mortality for each patient who
underwent CABG. The average of the predicted probabilities
among cases in a given year (or province) was calculated to yield
an expected rate (E). The observed (ie, crude) mortality rate (O)
was divided by E to generate an O/E ratio. To calculate the risk
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TABLE 1
Prevalence (%) of clinical and demographic risk variables by year in Canada, 1992/93 to 2000/01
Variables

1992/93 to
2000/01

1992/93

1993/94

1994/95

1995/96

1996/97

1997/98

1998/99

1999/00

2000/01

Volume (n)

116,540

10,827

10,854

11,632

12,009

13,222

14,202

14,304

14,656

14,834

63.4

62.2

62.5

63.0

63.2

63.5

63.6

63.9

64.1

64.1

±9.9

±9.6

±9.8

±9.8

±9.9

±9.8

±9.91

±9.9

±9.9

±10.0

Mean ± SD age (years)
Age over 65 (%)

50.0

45.3

46.8

48.8

49.3

50.5

51.2

52.0

51.9

52.0

Female (%)

22.3

22.0

21.6

22.4

22.2

23.2

22.5

22.6

22.2

22.1

Urgent admission (%)

53.4

51.7

49.6

52.6

53.9

54.9

52.5

51.2

59.3

53.7

Diabetes (%)

19.9

16.7

17.0

15.7

16.5

18.2

20.1

22.4

24.0

25.0

Neoplasia (%)

0.9

0.8

0.8

0.9

0.8

0.8

0.9

1.1

1.0

1.1

Rheumatological disease (%)

0.6

0.7

0.5

0.6

0.5

0.6

0.7

0.8

0.6

0.7

Peptic ulcer disease (%)

0.8

0.9

1.0

0.7

0.8

0.9

1.0

0.8

0.7

0.9

Hypertension (%)

35.2

31.5

29.9

27.2

29.3

32.5

34.0

38.4

43.1

45.8

Unstable angina (%)

40.1

32.1

36.5

38.7

39.6

42.5

40.7

42.0

43.2

42.6

Percutaneous coronary intervention (%)

3.0

6.5

6.3

5.7

3.9

3.6

3.0

0.1

0.1

0.1

Mild liver disease (%)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Moderate or severe liver disease (%)

0.03

0.02

0.02

0.03

0.02

0.02

0.02

0.1

0.03

0.03

Dementia (%)

0.04

0.05

0.04

0.03

0.1

0.03

0.1

0.03

0.03

0.05

Metastatic disease (%)

0.1

0.05

0.05

0.1

0.04

0.1

0.1

0.1

0.1

0.1

Hemiplegia (%)

0.3

0.3

0.4

0.4

0.4

0.3

0.4

0.2

0.2

0.2

Chronic renal failure (%)

1.3

0.9

0.9

0.9

1.1

1.4

1.3

1.7

1.9

1.5

Ventricular aneurysm (%)

1.4

2.0

1.9

1.6

1.6

1.4

1.3

1.2

1.2

0.8

Diabetes with complications (%)

1.6

1.2

1.2

1.0

1.3

1.8

1.8

1.75

1.6

2.2

Peripheral vascular disease (%)

4.0

4.3

3.6

3.7

3.4

4.0

4.3

4.0

4.0

4.3

Cerebrovascular disease (%)

4.2

3.5

3.5

3.6

3.8

4.4

4.3

4.6

4.7

5.0

Prior CABG (%)

5.2

2.1

2.3

2.2

5.5

6.1

5.9

6.6

6.9

7.6

Congestive heart failure (%)

7.1

5.2

5.7

5.8

6.8

8.0

6.6

8.0

7.6

9.1

COPD (%)

7.2

7.6

6.6

7.1

7.0

6.8

7.0

7.2

7.6

7.7

Recent myocardial infarction (%)

16.1

13.5

13.5

14.7

15.8

16.1

15.8

16.4

18.2

19.5

Old myocardial infarction (%)

20.3

23.1

23.2

19.2

18.6

20.7

21.0

20.0

20.0

18.3

Mortality (%)

2.5

3.1

3.1

2.9

2.6

2.7

2.3

2.4

2.1

2.1

CABG Coronary artery bypass grafting; COPD Coronary obstructive pulmonary disease. Data source: Canadian Institute for Health Information, hospital discharge
data

adjusted mortality rate for a given year (or province), the yearspecific (or province-specific) O/E ratio was multiplied by the
overall mortality rate for the nine years studied. For outcome
reporting by province, patients were assigned to the province
where the procedure was performed.
The statistical significance of differences in adjusted mortality
rates between years and provinces was calculated by examining
increments in the –2 log likelihood χ2 statistic when dummy variables for year and province were added to the risk adjustment
model.

RESULTS
A total of 116,540 CABG surgery cases performed in 23 hospitals across eight provinces, excluding Quebec, were studied.
No procedures were performed in Prince Edward Island or the
three territories because patients from those regions were
referred to surrounding provinces for treatment. The number
of patients undergoing CABG surgery per year increased
markedly from 10,827 in 1992/93 to 14,834 in 2000/01
(Table 1). The proportion of CABG surgery patients over the
age of 65 increased from 45.3% in 1992/93 to 52.0% in
2000/01. The data suggest that an increasing number of
patients with acute coronary syndromes (either unstable angina or a recent myocardial infarction) proceed to have CABG
surgery, because the proportion with these variables present

increased between 1992/93 and 2000/01. The prevalence of
diabetes and prior CABG also increased. Despite notable
increases in age and apparent severity of illness, crude mortality
rates decreased considerably from 3.1% in 1992/93 to 2.1% in
2000/01 (P<0.001).
In-hospital mortality rates by province
Crude and expected mortality rates for the overall nine-year
study period are presented by province in Table 2. Crude mortality rates varied from 2.1% in New Brunswick to 3.4% in
Alberta, and expected mortality rates varied from 2.2% in
Ontario to 3.3% in Nova Scotia. The apparent difference
between crude and expected rates indicates that mortality rates
are confounded by interprovincial differences in average severity of illness. The risk adjusted mortality rates in the last column of Table 2 varied significantly (P<0.001), ranging from a
low of 2.0% in both Nova Scotia and Manitoba to a high of
3.3% in Newfoundland. The same risk adjusted rates are presented in graph form in Figure 1, with accompanying 95% CI
for each province.
Figure 2 shows a plot of crude versus expected mortality rate
by province for the entire study period. The diagonal line on the
figure represents equivalence of crude and expected in-hospital
mortality rates. Among the eight provinces studied, British
Columbia, Manitoba, Nova Scotia and New Brunswick fell
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TABLE 2
Crude and risk-adjusted in-hospital mortality rate per 100 patients by province in Canada, 1992/93 to 2000/01
In-hospital mortality
Province

Volume

Crude deaths

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)

Canada

116,540

2974

2974

2.6

2.6

2.6 (2.5 to 2.7)

Newfoundland

3277

104

82

3.2

2.5

3.3 (2.8 to 3.9)

Nova Scotia

7085

185

235

2.6

3.3

2.0 (1.7 to 2.4)

New Brunswick

3855

80

92

2.1

2.4

2.3 (1.7 to 2.8)

62,105

1477

1389

2.4

2.2

2.8 (2.6 to 2.9)

Manitoba

6376

155

198

2.4

3.1

2.0 (1.7 to 2.4)

Saskatchewan

4952

143

128

2.9

2.6

2.9 (2.5 to 3.3)

Ontario

Alberta

12,214

416

374

3.4

3.1

2.9 (2.6 to 3.1)

British Columbia

16,676

414

476

2.5

2.9

2.3 (2.0 to 2.5)

4.5

Data source: Canadian Institute for Health Information, hospital discharge data

Figure 1) Risk-adjusted in-hospital mortality rates by province for fiscal years 1992/93 to 2000/01
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below this diagonal line, indicating that crude mortality rates
were lower than expected. Meanwhile, the observed mortality
rates were higher than expected in Alberta, Saskatchewan,
Ontario and Newfoundland.
The expected mortality rate for a given province reflects
the average severity of illness of patients undergoing CABG
surgery in the province. This value is plotted on the x-axis of
Figure 2 and the spread of provinces along the x-axis indicates
that average severity of illness did vary across provinces.
Ontario, New Brunswick and Newfoundland had relatively
low average severity of illness while Alberta, Manitoba and
Nova Scotia were the provinces with the highest average
severity of illness according to the risk adjustment model.
In-hospital mortality rates – trends over time
The risk adjustment model was also used to study Canada-wide
trends over time in risk adjusted rates of in-hospital mortality
after CABG surgery (Table 3). Crude mortality rates decreased
gradually from 3.1% in each of the first two years studied to
2.1% in each of the last two years studied. Remarkably, this
reduction in crude mortality rates occurred despite a concomitant increase in expected mortality rates from 2.3% to 2.7%
that reflects increasing average severity of illness among
patients undergoing CABG in Canada. Taking into account
both the crude and expected mortality rates across years, the
corresponding risk adjusted mortality rates decreased markedly
from a high of 3.5% in 1992/93 to 2.0% in 2000/01.
152
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Figure 2) Observed (ie, crude) versus expected in-hospital mortality
rates after coronary artery bypass graft surgery (CABG), listed by
province. Observed mortality rate = crude unadjusted mortality rate
(crude numbers/volume of CABG patients). Expected mortality is calculated using logistic regression model (expected numbers/volume of
CABG patients

Analysis of mortality trends by province over time reveals
that mortality rates have decreased in most regions of the
country (Table 4). With the exception of Nova Scotia, where
risk adjusted mortality rates were uniformly low across years, all
other provinces achieved reduced adjusted mortality rates over
time, such that all provinces had adjusted mortality rates below
3% in the last year studied. Alberta, Manitoba and
Newfoundland achieved particularly notable decreases in
adjusted mortality rates across the years studied (Table 4).
For calendar years 1998 and 1999, 10,319 isolated CABG
surgery cases were performed in Quebec. Only crude in-hospital mortality rates can be reported. For calendar years 1998 and
1999, the crude mortality rates were 3.9% and 4.0%, respectively. These crude mortality rates were somewhat higher than
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TABLE 3
Crude and risk-adjusted in-hospital mortality rate per 100 patients by year in Canada, 1992/93 to 2000/01
In-hospital mortality
Year

Volume

Crude deaths

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)

1992/93

10,827

334

251

3.1

2.3

3.5 (3.2 to 3.8)

1993/94

10,854

341

255

3.1

2.3

3.5 (3.2 to 3.8)

1994/95

11,632

338

284

2.9

2.4

3.1 (2.8 to 3.4)

1995/96

12,009

314

302

2.6

2.5

2.7 (2.4 to 3.0)

1996/97

13,222

361

355

2.7

2.7

2.6 (2.4 to 2.9)

1997/98

14,202

321

366

2.3

2.6

2.3 (2.0 to 2.5)

1998/99

14,304

338

368

2.4

2.6

2.4 (2.1 to 2.6)

1999/00

14,656

311

391

2.1

2.7

2.1 (1.8 to 2.3)

2000/01

14,834

316

402

2.1

2.7

2.0 (1.8 to 2.3)

Data source: Canadian Institute for Health Information, hospital discharge data

TABLE 4
Crude (CR) and risk-adjusted (RA) in-hospital mortality rate per 100 patients by year and province in Canada,
1992/93 to 2000/01
1992/93
Province

CR

RA

1993/94

1994/95

1995/96

CR

CR

CR

RA

RA

RA

1996/97

1997/98

1998/99

1999/00

2000/01

CR

RA

CR

RA

CR

RA

CR

RA

CR

RA
2.0

Canada

3.1

3.5

3.1

3.5

2.9

3.1

2.6

2.7

2.7

2.6

2.3

2.3

2.4

2.4

2.1

2.1

2.1

Newfoundland

3.5

3.8

4.6

4.0

3.1

2.7

4.5

3.7

3.5

3.4

4.4

4.5

2.0

2.9

2.4

3.1

1.8

2.1

Nova Scotia

2.3

2.2

3.6

2.9

2.3

1.7

2.4

2.0

2.0

1.4

1.2

0.9

3.7

3.0

3.3

2.5

2.7

2.3

New Brunswick

2.2

2.7

2.9

3.3

3.4

3.5

1.8

1.7

3.6

3.8

0.9

1.1

1.9

2.1

0.9

1.0

1.1

1.1

Ontario

2.9

3.7

3.0

4.0

2.7

3.3

2.4

2.9

2.3

2.6

2.2

2.5

2.2

2.5

2.0

2.2

2.1

2.3

Manitoba

4.1

3.5

3.8

3.6

3.6

3.0

1.8

1.5

1.5

1.2

1.9

1.6

2.3

2.0

2.2

1.9

1.9

1.5

Saskatchewan

3.1

2.8

3.3

3.1

3.4

3.6

3.2

3.2

3.3

3.4

2.8

2.7

2.5

2.5

2.2

2.3

2.6

2.7

Alberta

5.0

5.4

3.7

3.3

3.8

3.6

3.5

3.4

4.3

3.4

3.2

2.6

3

2.4

2.4

1.9

2.5

1.9

British Columbia

2.6

2.5

2.7

2.6

2.7

2.7

2.8

2.5

3.4

3.0

2.3

2.2

2.3

2.0

2.0

1.8

1.8

1.6

Data source: Canadian Institute for Health Information, hospital discharge data

the unadjusted mortality rates of other provinces in the same
years, but this information needs to be interpreted with caution because it was not possible to include Quebec data in risk
adjustment analyses that adjust mortality rates to account for
severity of illness. More detailed analyses of Quebec outcomes
were not possible because Quebec data did not include diagnosis-type indicators for risk adjustment and only selected years
are compiled by CIHI.

DISCUSSION
This analysis reveals that CABG is being performed in more
patients who are on average older and sicker than were patients
in the earlier years studied. Despite this shift toward increasing
case complexity, outcome analyses impressively reveal a steady
and continuing trend of declining in-hospital mortality rates
after isolated CABG surgery. Some variation in outcomes is
found across provinces but this variation is small in both
absolute and relative terms. Notably, declining mortality rates
are being achieved in most of the provinces studied, with the
only exception being Nova Scotia, which has had uniformly
low mortality rates throughout the entire study period.
The changing demographic profile of patients undergoing
CABG surgery may be partially related to Canada’s aging population. This demographic shift appears to be accompanied by
a tendency among cardiac care providers to perform CABG
surgery and other cardiac procedures in patients of advanced
age (21,22). This increasingly aggressive approach to cardiac

care for the elderly is defensible based on recently published
evidence suggesting benefits from coronary revascularization
over medical therapy, even among the ‘old elderly’, ie, those 80
years of age and over (23,24).
Despite the shift toward CABG surgery in patients of progressively advanced age and with greater burden of comorbidity,
marked reductions in mortality rates have been achieved. The
mechanism(s) through which these reduced mortality rates
have been realized is the subject of considerable speculation
and a number of factors may be responsible. Possible contributors are improved methods of cardiac anesthesia, increased use
of internal mammary artery grafts, improved methods of cardiac protection, enhanced perioperative medical care with
appropriate use of evidence-based therapies such as betablockers, angiotensin-converting enzyme inhibitors and
statins, and increased attention to quality issues, with coordinated quality assessment and improvement programs in place
in many hospitals or regions. It is likely that each of these proposed explanations, and perhaps others, have contributed to
the continuing declines in mortality rates across years.
CABG surgery ‘report cards’ have drawn considerable
attention in the United States and Canada (1-4), partially
because of their tendency to provide good material for news
headlines (often focusing on providers or regions with poor
outcomes), but also because of their potential to reduce CABG
surgery mortality rates through improved quality of care
(25,26), particularly when coupled with continuous quality
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improvement endeavours such as those being done in northern
New England (26). While the jury is still out as to whether
outcome report cards directly affect provider outcomes (27),
there is growing consensus that outcome reporting should continue and in fact become more widespread so that providers
and the general public can be made aware of hospital-specific
or region-specific outcomes.
We have presented outcomes by province in this report
and, while some provinces have better outcomes than others,
interprovincial outcome differences are quite small. More
important, all provinces have achieved improvements in outcomes over time, such that the variation in crude and adjusted
mortality rates was much less marked in 2000/01 than it was in
the first year studied (1992/93). Whatever the mechanisms are
for reduced mortality rates from CABG surgery in Canada,
they appear to be at play in all Canadian provinces.
Our study has limitations. The first is that we used administrative data rather than a detailed clinical registry to generate
the outcome reports. This results in the omission of potentially
important variables such as left ventricular ejection fraction
from risk adjustment analyses. We encourage continued efforts
toward the establishment of a Canada-wide CABG surgery
registry. Until such a registry is developed, however, we will
continue to rely on the fact that administrative data provide a
reasonably accurate Canada-wide profile of CABG surgery
outcomes (7). A second limitation is our exclusion of Quebec
from risk adjustment analyses. This was necessary because
Quebec does not report hospital discharge data with diagnosistype indicators to CIHI, and data from that province can
therefore not be used in the risk adjustment analyses conducted
for this outcome report. A third limitation is our focus on only
in-hospital mortality. This is a short term ‘hard’ clinical end
point that does not necessarily reflect the longer term wellbeing of patients undergoing CABG surgery.
A final methodological consideration is that we have intentionally avoided the use of complex hierarchical modelling
methods in this outcome report because this is part of a general

Cardiovascular Atlas initiative of the Canadian Cardiovascular
Outcomes Research Team (28,29), which targets broad readership in the general public. The impact of this methodological decision is, however, relatively minor because we have
not attempted to identify high or low ‘outliers’
(ie, designations that can be influenced by the increased
variance estimates that tend to arise from hierarchical models).
Reassuringly, a sensitivity analysis using the GLIMMIX macro
for hierarchical modeling in SAS (SAS Institute, USA)
revealed little if any effect on variance estimates and overall
results.
Despite the above limitations and methodological considerations, this updated Canadian CABG surgery outcome report
provides important information for cardiac care providers and
the general public. There are generally favourable provincial
outcome profiles with either sustained decline in mortality
rates or persistently low mortality rates after CABG surgery in
the provinces studied. These favourable outcomes have been
achieved despite an accompanying increase in the general case
complexity of patients undergoing CABG in Canada. While
the reasons for the decreased mortality rates are not clear, it
seems appropriate to recommend continued attention to quality issues in CABG surgery programs across Canada, so that the
favourable outcomes can be maintained and perhaps improved
further in the coming years.
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APPENDIX 2
Logistic regression model used for the risk-adjustment analyses described in the methods and results*
Variable

Beta coefficient

Intercept

–8.2965

Variable
Percutaneous coronary intervention, same admission

Age over 65

0.0569

Ventricular aneurysm

Female sex

0.2908

Hemiplegia, congestive heart failure*

Beta coefficient
1.0554
2.9935
–0.9266

Urgent admission

0.4808

Cerebrovascular disease, urgent admission*

–0.4297

Peripheral vascular disease

0.6432

Chronic renal disease, urgent admission*

–0.6541

Cerebrovascular disease

0.8877

Congestive heart failure, age over 65*

–0.0176

Hemiplegia

1.1381

Congestive heart failure, peripheral vascular disease*

–0.7355

Chronic renal disease

1.4946

Recent myocardial infarction, urgent admission*

–0.4542

Metastatic disease

1.1945

Recent myocardial infarction, age over 65*

–0.0133

Congestive heart failure

2.3414

Percutaneous coronary intervention,

–1.0044

Recent myocardial infarction

1.9635

Prior coronary artery bypass graft surgery

0.2423

peripheral vascular disease*
Ventricular aneurysm, age over 65*

–0.0354

*Odds ratios are not presented in this table because the model includes interaction terms that make odds ratios uninterpretable in isolation
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In-hospital outcomes after percutaneous coronary intervention
in Canada: 1992/93 to 2000/01. Originally published in Can J
Cardiol 2003;19(7):782-789.
BACKGROUND: Despite existing research on outcomes of cardiac
care in Canada, little is known about Canada-wide trends and interprovincial differences in outcomes after percutaneous coronary intervention (PCI).
OBJECTIVES: To examine Canadian trends in rates of in-hospital
mortality and same-admission coronary artery bypass grafting
(CABG) after PCI and to compare provincial risk-adjusted in-hospital
death and same-admission CABG rates.
METHODS: Hospital discharge abstract data were obtained from
the Canadian Institute for Health Information and were used to identify cohorts of patients who underwent PCI in eight provinces in fiscal years 1992/93 through 2000/01. Crude data from Quebec
hospitals were available for calendar years 1998 and 1999. Logistic
regression modelling was used to calculate risk-adjusted in-hospital
death and same-admission CABG rates by year and province.
RESULTS: A total of 127,103 PCI cases performed in 23 hospitals
across eight provinces were examined, with an overall unadjusted
death rate of 1.4% and an overall unadjusted CABG rate of 1.6%. A
national trend of stable in-hospital mortality rates was observed with
a risk-adjusted death rate of 1.4% in 1992/93 versus 1.4% in
2000/01. An overall decline was seen in rates of same-admission
CABG with a risk-adjusted rate of 2.7% in 1992/93 versus 0.9% in
2000/01 (relative decrease 67%, P<0.01). New Brunswick,
Manitoba and British Columbia achieved overall declines in riskadjusted death rates over the study period, while the other provinces
experienced a slight increase (Newfoundland, Nova Scotia, Ontario,
Alberta and Saskatchewan). All provinces displayed a similar
decline in risk-adjusted same-admission CABG rates post-PCI.
INTERPRETATION: Risk-adjusted rates of in-hospital death after
PCI in Canada have remained stable over nine years, while riskadjusted rates of same-admission CABG have decreased. The presence of interprovincial differences in risk-adjusted outcomes raises
the possibility of variable quality of care for patients undergoing PCI
across the Canadian provinces.

Key Words: Angioplasty; Canada; Coronary artery bypass grafting;
Mortality; Percutaneous coronary intervention

Les issues des patients hospitalisés après une
intervention coronarienne percutanée au
Canada : De 1992-93 à 2000-01
HISTORIQUE : Malgré les recherches existantes sur les issues des soins
cardiaques au Canada, on ne sait pas grand-chose des tendances canadiennes et des différences interprovinciales relativement aux issues après
une intervention coronarienne percutanée (ICP).
OBJECTIFS : Examiner les tendances canadiennes quant au taux de
mortalité des patients hospitalisés et au taux de pontage aortocoronarien
(PAC) pendant la même hospitalisation après une ICP et comparer les
taux de décès hospitaliers provinciaux rajustés selon le risque et de PAC
pendant la même hospitalisation.
MÉTHODOLOGIE : Les données de résumés sur les congés hospitaliers
ont été obtenues auprès de l’Institut canadien d’information sur la santé et
ont été utilisées pour repérer des cohortes de patients ayant subi une ICP
dans huit provinces au cours des exercices 1992-1993 à 2000-2001. Des
données brutes provenant d’hôpitaux québécois étaient disponibles pour
les années civiles 1998 et 1999. La modélisation par régression logistique
a été utilisée pour calculer les taux de décès des patients hospitalisés
rajustés selon le risque et les taux de PAC pendant la même hospitalisation selon l’année et la province.
RÉSULTATS : Au total, ont été examinés 127 103 cas d’ICP exécutés
dans 23 hôpitaux des huit provinces, représentant un taux global et non
rajusté de décès de 1,4 %, et un taux global et non rajusté de PAC de
1,6%. Une tendance nationale de stabilité du taux de mortalité des
patients hospitalisés a été observée, d’après un taux de décès rajusté selon
le risque de 1,4 % en 1992-1993 par rapport à 1,4 % en 2000-2001. Une
diminution globale a été constatée pour ce qui est des taux de PAC pendant la même hospitalisation, accompagnés d’un taux rajusté selon le
risque de 2,7 % en 1992-1993 par rapport à 0,9 % en 2000-2001 (diminution relative de 67 %, P < 0,01). Le Nouveau-Brunswick, le Manitoba et
la Colombie-Britannique ont affiché une diminution globale du taux de
décès rajusté selon le risque pendant la période de l’étude, tandis que les
autres provinces ont présenté une légère augmentation (Terre-Neuve,
Nouvelle-Écosse, Ontario, Alberta et Saskatchewan). Toutes les
provinces affichaient une réduction similaire du taux de PAC pendant la
même hospitalisation après une ICP.
INTERPRÉTATION : Les taux de décès des patients hospitalisés
rajustés selon le risque après une ICP au Canada sont demeurés stables
pendant neuf ans, tandis que les taux rajustés de PAC pendant la même
hospitalisation ont diminué. La présence de différences interprovinciales
quant aux issues rajustées selon le risque soulèvent la possibilité d’une
qualité variable de soins pour les patients subissant une ICP dans les
provinces canadiennes.
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ver the past decade, there has been a substantial increase
in the use of percutaneous coronary intervention (PCI)
(1). Numerous studies have examined outcomes after PCI in
the United States, but little is known about outcome trends or
province-specific outcomes in Canada.
In this study, we used national hospital discharge abstract
data to create a clearer profile of PCI outcomes and case-mix
in Canada. Our specific objectives were 1) to study trends in
mortality and same-admission coronary artery bypass grafting
(CABG) post-PCI over time and 2) to compare provincial
rates of observed (ie, crude) and risk-adjusted in-hospital mortality and same-admission CABG.

O

METHODS
Data sources
Hospital discharge abstract data were used for this Canada-wide
study of PCI outcomes because a more detailed national database
for PCI does not exist. Although some reports have shown that
better risk adjustment is possible when prospectively collected
clinical databases are available (2-6), Landon et al (7) have
demonstrated that reasonable risk adjustment for CABG surgery
outcomes is achievable with hospital discharge abstract data.
Similarly, Ghali et al (8) compared two CABG outcome report
cards for Ontario – one derived from clinical data and the other
from Canadian administrative data – and found general similarities between report cards, confirming that risk adjustment for
CABG surgery outcomes is possible with Canadian administrative
databases. In the context of CABG surgery outcome reporting,
these findings do not necessarily apply to PCI but they do encourage continuation of work focused on PCI.
The data for this study were obtained from the Canadian
Institute for Health Information (CIHI), which compiles discharge records of acute care hospital admissions in all Canadian
provinces and territories. Data for fiscal years 1992/93 through
2000/01 were studied (Quebec data were available only for calendar years 1998 and 1999).
PCI cases were identified through screening of all hospital discharges for Canadian Classification of Procedures (9) codes 48.02,
48.03 and 48.09. All cases performed in patients aged 18 years or
older, and cases where discharge occurred from a hospital that
actually performs PCI were included. This latter criterion resulted
in the exclusion of a number of PCI procedures coded in discharge
abstract records from hospitals that do not actually perform PCI.
These cases reflect an anticipated care practice of occasionally
transferring patients to PCI tertiary care centres for typically
brief procedural stays while their hospital care in surrounding
community hospitals is ongoing. Recognizing that ascertainment
of in-hospital outcomes may be incomplete in cases involving
interhospital transfers, and that such cases may differ systematically from more typical cases where the entire PCI hospital care
episode occurs in a tertiary care centre, the present analysis was
confined to hospital discharges from centres that actually perform
PCI.

Statistical analysis
The outcomes of interest were the observed (ie, crude) and riskadjusted rates of in-hospital death and same-admission CABG. These
events were judged to be indicative of adverse outcomes after PCI and
were considered to be possible quality indicators. Logistic regression
modelling was used to adjust death rates for differences across years
and provinces in sociodemographic, comorbidity and conditionspecific indicators of average severity of illness (10,11).
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The sociodemographic variables studied were age and sex. For
comorbidity, an International Classification of Diseases, 9th revision
(12) coding scheme was used to identify the 17 comorbidity variables that constitute the Charlson comorbidity index (13). A condition was considered present only when the ‘diagnosis-type’
indicator (in CIHI data) was consistent with diagnoses that were
present at time of admission (14).
Data for years 1992/93 through 2000/01 were pooled for the
multivariable risk adjustment analysis. Because Quebec reported
observed data only for 1998 and 1999 without information on type
of diagnosis, it was excluded from this multivariable analysis. All
potential variables were included in a backward elimination analysis that retained only significant variables at P<0.05. Sequential
elimination of the least significant variables was performed until
only the significant variables remained. The resulting models are
presented in Appendix 1 (for in-hospital mortality) and
Appendix 2 (for same-admission CABG).
To assess the discrimination of the risk adjustment models,
c statistics were calculated for each model (15). The risk adjustment models were used to calculate the predicted probability of
in-hospital death (or same-admission CABG) for each patient
who underwent PCI. The average of the predicted probabilities in
a given year (or province) was calculated to yield an expected
rate (E). The observed (ie, crude) rate (O) was then divided by E
to generate an O/E ratio. To calculate the risk-adjusted rate for a
given year (or province), the year-specific (or province-specific)
O/E ratio was multiplied by the overall rate for the nine years
studied.
The statistical significance of differences in adjusted rates
between years and provinces was tested by examination of increments in the –2 log likelihood χ2 statistic when dummy variables
for year and province were added to the risk adjustment model.
All analyses were performed using SAS version 8.1 (SAS
Institute, USA).

RESULTS
The authors studied 127,103 cases performed in 23 hospitals
across eight provinces, excluding Quebec. No procedures were
performed in Prince Edward Island or the territories because
patients residing in those regions were referred to surrounding
provinces for treatment. The number of patients undergoing
PCI per year and meeting study inclusion criteria almost doubled in this time period, from 10,129 in 1992/93 to 20,067 in
2000/01 (Table 1). The proportion of PCI patients over the age
of 65 increased from 37% in 1992/93 to almost 45% in
2000/01. An increasing number of patients with acute coronary syndromes (ie, unstable angina or a recent myocardial
infarction) are being treated with PCI and these conditions
increased in prevalence among PCI patients from 55% in
1992/93 to 73% in 2000/01. The use of PCI in the setting of a
primary diagnosis of acute myocardial infarction increased
from 13.5% to 22.9%. The prevalence of diabetes and prior
CABG also increased. Observed unadjusted mortality rates
increased somewhat (1.1% in 1992/93 versus 1.7% in 2000/01)
but this increase coincided with increases in mean patient age
and severity of illness. Same-admission CABG rates, meanwhile, decreased considerably (2.7% in 1992/93 versus 0.9% in
2000/01, P<0.01).
The prevalence of specific clinical characteristics varied
across provinces (Table 2). Saskatchewan had the highest percentage of PCI patients over 65 (51%) while Newfoundland
had the lowest (33%). More urgent admission patients were
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TABLE 1
Clinical characteristics of patients undergoing percutaneous coronary intervention from 1992/93 to 2000/01
Fiscal year
1992

1993

1994

1995

1996

1997

1998

1999

2000

n=10,129

n=10,858

n=11,650

n=12,142

n=13,496

n=14,833

n=16,421

n=17,507

n=20,067

Age ≥ 65 years

36.7

38.0

39.9

40.6

40.6

41.7

43.7

43.5

44.6

Female sex

26.6

27.9

27.4

28.4

28.3

29.0

28.4

28.5

28.0

Urgent admission

53.5

54.4

56.5

61.3

63.1

63.4

62.5

67.3

66.9

Unstable angina

31.0

33.4

34.9

34.3

37.1

37.5

37.7

37.3

37.1

Recent myocardial infarction

24.2

24.8

25.8

27.9

29.9

30.6

30.8

33.4

35.7

Hypertension

22.2

21.3

20.5

21.7

24.5

25.8

29.0

31.6

33.0

Old myocardial infarction

16.8

15.2

13.0

13.3

13.7

15.4

14.2

12.7

12.1

Primary diagnosis acute

13.5

12.8

14.1

14.7

16.7

17.8

19.3

21.7

22.9

myocardial infarction
Diabetes

10.7

11.6

10.2

11.3

11.7

12.7

13.9

15.8

17.5

Prior CABG

4.2

4.1

4.4

12.0

13.4

13.7

13.3

12.4

13.9

Congestive heart failure

3.6

4.1

4.1

4.7

5.2

5.3

5.5

5.5

6.0

Chronic lung disease

3.3

2.8

3.2

3.1

3.7

3.7

4.0

4.2

4.1

Cardiac arrest

2.4

2.7

2.4

2.7

2.8

2.5

2.0

2.0

2.3

Peripheral vascular disease

2.1

1.8

1.6

1.7

1.9

1.8

2.3

1.9

1.7

Cerebrovascular disease

1.4

1.1

1.2

1.4

1.5

1.6

1.5

1.1

1.3

Chronic renal disease

0.6

0.6

0.7

0.7

0.6

0.8

0.9

1.0

1.1

Neoplasia

0.6

0.5

0.6

0.7

0.7

0.7

0.9

0.9

1.0

Diabetes with complications

0.4

0.6

0.5

0.4

0.6

0.6

0.6

0.7

0.7

Metastatic disease

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

Mild liver disease

0.0

0.1

0.0

0.0

0.1

0.1

0.0

0.1

0.0

CABG Coronary artery bypass grafting

treated in Newfoundland than in any other province. In
Alberta, PCI was more likely to be performed in patients with
a primary diagnosis of acute myocardial infarction.
In-hospital mortality
The observed death rates, expected death rates (derived from
the risk adjustment model shown in Appendix 1) and riskadjusted death rates (adjusted for variables included in the
same model) are presented by province in Table 3 for the
entire nine-year study period. The observed death rates varied
from 1.0% in New Brunswick to 2.7% in Manitoba, and the
expected death rates varied from 1.0% in Ontario to 2.3% in
Alberta. The risk-adjusted death rates in the last column of
Table 3 varied significantly (P<0.01), ranging from 1.1% in
Alberta to 2.0% in Manitoba. The same risk-adjusted rates are
presented in graphical form in Figure 1.
Figure 2 shows a plot of the observed versus expected death
rates by province for the entire study period. The observed
death rate for Alberta was lower than expected, whereas
Manitoba’s observed death rate was higher than expected.
Meanwhile, other provinces fell close to the diagonal line in
the figure, indicating observed death rates that approximate
expected death rates. The expected death rate for a given
province reflects the average severity of illness of patients
undergoing PCI in the province. Ontario and Alberta had,
respectively, the lowest and highest average severity of illness.
In provinces in the lower left quadrant of the figure (Ontario,
New Brunswick, Nova Scotia, British Columbia and
Newfoundland), PCI was performed on younger and healthier
patients. Saskatchewan, Manitoba and Alberta had higher

expected death rates, ie, older and sicker patients were more
likely to be treated in those provinces.
The risk adjustment model was also used to study Canadawide trends in adjusted death rates after PCI (Figure 3).
Observed death rates increased during this time period. On risk
adjustment, however, the death rate remained generally stable at
about 1.4%. This indicates that in spite of the sicker patients
undergoing PCI, risk-adjusted mortality remained stable.
Outcomes were asssessed for the 16,968 PCI cases from
Quebec for calendar years 1998 and 1999. Only observed
(ie, unadjusted) in-hospital death rates were reported. During
this time, observed in-hospital mortality in Quebec increased
from 1.6% to 1.9%. These percentages were comparable with
those of other provinces. More detailed analyses of Quebec outcomes were not possible because Quebec data did not include
diagnosis-type indicators, and only selected years were compiled
by CIHI.
Same-admission CABG rates
The observed and expected same-admission CABG rates
are presented by province in Table 4. The observed sameadmission CABG rates varied from 1.0% in New Brunswick to
4.2% in Newfoundland and the expected same-admission
CABG rates (derived from the risk adjustment model shown in
Appendix 2) varied from 1.6% in Alberta, British Columbia
and Ontario to 2.2% in Manitoba. The corresponding riskadjusted same-admission CABG rates ranged from 0.9% in
New Brunswick to 3.7% in Newfoundland (P<0.01) (last column, Table 4). These rates are also graphically presented in
Figure 4.
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TABLE 2
Clinical characteristics of patients undergoing percutanous coronary intervention by province
Canada

Newfoundland

Nova
Scotia

n=127,103

n=2210

n=6461

New
Brunswick
n=6104

Ontario

Manitoba

Saskatchewan

Alberta

British
Columbia

n=54,490

n=3760

n=7072

n=19,266

n=27,733

Age ≥ 65 years

41.6

32.6

40.0

38.7

37.8

45.2

50.9

42.1

47.4

Female sex

28.2

28.9

32.8

28.2

28.7

29.8

28.6

26.0

27.1

Primary diagnosis acute

17.8

5.7

12.7

11.9

13.8

13.9

22.5

36.4

15.4

myocardial infarction
Chronic lung disease

3.7

3.9

6.1

1.6

3.1

4.1

2.2

7.6

2.2

Unstable angina

36.0

40.7

39.9

34.1

37.6

48.5

27.6

37.5

31.4

Urgent admission

62.0

88.3

74.3

78.6

49.9

69.0

64.9

77.1

64.7

Recent myocardial infarction

30.0

26.1

27.0

26.8

24.0

39.3

39.7

43.7

30.3

Hypertension

26.5

21.9

44.2

7.7

23.2

28.5

12.6

43.1

25.0

Old myocardial infarction

13.9

10.6

13.3

0.1

11.6

8.5

18.3

27.4

12.0

Diabetes

13.3

10.4

18.8

4.6

13.1

16.3

10.2

16.0

13.2

Prior CABG

10.9

4.5

18.6

5.0

10.4

12.1

10.1

16.7

7.7

5.0

3.4

4.8

3.2

3.8

8.6

5.1

10.4

3.8

Congestive heart failure
Peripheral vascular disease

1.9

1.5

2.8

0.9

1.6

2.9

0.9

3.3

1.5

Cerebrovascular disease

1.3

1.1

1.6

0.6

1.3

2.1

1.2

2.1

1.0

Chronic renal disease

0.8

0.9

1.9

0.6

0.8

1.0

0.9

0.6

0.7

Neoplasia

0.8

0.5

0.9

0.5

0.7

1.1

0.5

1.3

0.6

Diabetes with complications

0.6

0.5

0.6

0.2

0.5

0.7

0.4

1.2

0.5

Metastatic disease

0.1

0.1

0.2

0.1

0.1

0.2

0.1

0.2

0.1

Mild liver disease

0.0

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.0

CABG Coronary artery bypass grafting

TABLE 3
In-hospital mortality rates by province for 1992/93 to
2000/01
Province

Volume

Observed
death
rate* (%)

Expected
death
rate† (%)

Adjusted death
rate‡ (95% CI)

Newfoundland

2210

1.4

1.1

1.8 (1.2 to 2.3)

Nova Scotia

6461

1.3

1.3

1.4 (1.1 to 1.7)

New Brunswick
Ontario
Manitoba
Saskatchewan

6104

1.0

1.2

54,490

1.1

1.0

1.2 (0.9 to 1.5)
1.5 (1.3 to 1.6)

3760

2.7

1.9

2.0 (1.7 to 2.3)
1.5 (1.2 to 1.7)

7072

1.9

1.8

Alberta

19,266

1.7

2.3

1.1 (0.9 to 1.2)

British Columbia

27,733

1.6

1.4

1.6 (1.4 to 1.7)

127,103

1.4

1.4

1.4 (1.3 to 1.5)

Canada

*Observed (ie, crude) death rate is crude, unadjusted death rate (observed
numbers/volume percutaneous coronary intervention patients); †Expected
death rate is calculated by regression model (expected numbers/volume percutaneous coronary intervention patients); ‡Adjusted death rate is observed
death rate adjusted for risk

Figure 5 is a plot of the observed versus expected CABG
rates by province for the study period. New Brunswick had an
observed CABG rate that was lower than expected, whereas
Newfoundland and Saskatchewan had observed CABG rates
that were higher than expected. Other provinces fell closer to
the diagonal line.
The risk adjustment model was used to study Canada-wide
trends in adjusted rates of same-admission CABG after PCI
(Figure 6). There was a significant decline in the rate of sameadmission CABG adjusted for risk, from 2.7% in 1992/93 to
0.9% in 2000/01 (relative decrease of 67%) (P<0.01).
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Only observed same-admission CABG rates were reported
for the province of Quebec for calendar years 1998 and 1999.
During this time, the observed same-admission CABG rate in
Quebec increased slightly, from 1.2% to 1.3%. These percentages were comparable with those of other provinces.

DISCUSSION AND CONCLUSIONS
On a national level, risk-adjusted, in-hospital, post-PCI death
rates were constant between 1992/93 and 2000/01. There were
significant differences in risk-adjusted and expected death
rates (as measured by our risk adjustment model) across
provinces. In contrast, the national trend of decreasing rates of
same-admission CABG after PCI between 1992/93 and
2000/01 reflected decreasing risk-adjusted event rates in all
provinces across the years studied.
The national trend of stable mortality and decreasing use of
CABG after PCI, despite an increase in use and severity of illness, is encouraging and similar to favourable outcome trends
reported from the United States (16). However, our finding of no
significant decrease in risk-adjusted death rate is different from
the 37% decrease found in United States Medicare beneficiaries
from 1987 to 1990 (17), perhaps because of the different
time periods studied and the restricted age range of United
States Medicare beneficiaries. Peterson et al (16) discussed
several potential explanations for improved outcomes in the
United States. First, PCI may have been applied to healthier
patients with fewer comorbid conditions. Second, the
improved outcomes may have resulted from increasing experience in performing this procedure (18). Third, procedural
improvements, such as the introduction of stents and use of
glycoprotein IIb/IIIa inhibitors, may account for the
decrease in adverse events (19-24).
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Figure 3) Risk-adjusted in-hospital death rates in post-percutaneous
coronary intervention patients
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Figure 1) Risk-adjusted in-hospital death rates by province for fiscal
years 1992/93 to 2000/01. Alta. Alberta; BC British Columbia;
Man. Manitoba; NB New Brunswick; Nfld. Newfoundland;
NS Nova Scotia; Ont. Ontario; Sask. Saskatchewan

TABLE 4
Same-admission CABG rates by province for 1992/93 to
2000/01
Province

3.0

Observed (i.e. crude) death rate, %

Man.

2,210

4.2

1.8

3.7 (3.2 to 4.2)

6,461

1.9

1.7

1.8 (1.5 to 2.1)
0.9 (0.6 to 1.2)

Manitoba
Saskatchewan
Sask.
Alta.
1.5

1.0

1.7

1.7

1.6

1.7 (1.6 to 1.9)

3,760

2.3

2.2

1.7 (1.3 to 2.0)
2.2 (1.9 to 2.5)

7,072

2.3

1.7

19,266

1.2

1.6

1.2 (1.0 to 1.4)

British Columbia

27,733

1.3

1.6

1.3 (1.2 to 1.5)

127,103

1.6

1.6

1.6 (1.5 to 1.7)

CABG Coronary artery bypass grafting. *Observed (ie, crude) death rate is
crude, unadjusted death rate (observed numbers/volume percutaneous coronary intervention patients); †Expected death rate is calculated by regression
model (expected numbers/volume percutaneous coronary intervention
patients); ‡Adjusted death rate is observed death rate adjusted for risk

Nfld.
NS
Ont.
1.0

6,104
54,490

Alberta
Canada

BC

Adjusted CABG
rate‡ (95% CI)

Nova Scotia
Ontario

2.0

Expected
CABG
rate† (%)

Newfoundland
New Brunswick

2.5

Volume

Observed
CABG
rate* (%)

NB

0.5
0.5

1.0

1.5

2.0

2.5

3.0

Expected death rate, %

Figure 2) Observed (ie, crude) versus expected in-hospital death rates
post-percutaneous coronary intervention (PCI) by province. Observed
death rate is crude, unadjusted death rate (observed numbers/volume of
PCI patients); expected death rates are calculated using logistic regression model (expected numbers/volume of PCI patients)

No studies have directly examined outcomes after PCI
across Canada. However, Rankin et al (24) analyzed one-year
follow-up data for all PCI patients in British Columbia to
determine whether the use of coronary stenting was associated
with improved outcomes. Stent use increased from 14.2% to
58.7%. The authors concluded that the introduction of stents
was coincident with a 21% adjusted reduction in the composite end point of adverse cardiac events. This was accompanied
by a 28% adjusted reduction in the rate of target vessel revascularization after PCI (24).
Another potential contributor to improved outcomes is the
adoption of outcome reporting for cardiac procedures and cardiac care. Indeed, some have suggested that outcome reporting
and report cards can lead to improved outcomes (25). Among
Canadian provinces, British Columbia, Alberta and Nova

Scotia have provincial databases that can be used to track and
study outcomes after PCI.
Although Canada has seen improvement in outcomes after
PCI, our finding of differing adjusted death rates across
provinces suggests that some provinces may be lagging behind
the others. By adjusting death rates, we have sought to create a
level playing field for the comparison of outcomes. The
adjusted rates reflect those that would be seen if the provinces
were caring for patient populations with similar average severity of illness.
Our results suggest that average severity of illness varies
across the provinces. Possible explanations for this finding
include differences in underlying population characteristics,
variation in PCI referral and patient selection practices, and
variable coding of clinical diagnoses used to characterize severity of illness. The first possibility is unlikely to fully explain the
difference seen across provinces. Variation in referral and
patient selection practices may be an important contributor,
and while this possibility can be partially explored by assessing
population rates of PCI per 100,000 by province, further study
of patient cohorts eligible for (but not necessarily selected for)
PCI is needed to clarify the extent to which variable referral
and selection criteria account for the differences seen in average severity of illness.
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Figure 4) Risk-adjusted same-admission coronary artery bypass graft
(CABG) rates by province for fiscal years 1992/93 to 2000/01. Alta.
Alberta; BC British Columbia; Man. Manitoba; NB New Brunswick;
Nfld. Newfoundland; NS Nova Scotia; Ont. Ontario; Sask.
Saskatchewan
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Figure 5) Observed (ie, crude) versus expected same-admission coronary artery bypass graft (CABG) rates post-percutaneous coronary
intervention (PCI) by province. Observed death rate is crude, unadjusted death rate (observed numbers/volume of PCI patients); expected
death rate is calculated using the logistic regression model (expected
numbers/volume of PCI patients). Alta. Alberta; BC British
Columbia; Man. Manitoba; NB New Brunswick; Nfld.
Newfoundland; NS Nova Scotia; Ont. Ontario; Sask. Saskatchewan

The third possibility, variable coding of diagnoses across
provinces, seems a likely contributor to the imbalances seen in
Table 2, and indeed, our reliance on administrative data is an
acknowledged study limitation. Clearly, a national clinical
database for PCI would be a valuable resource for cardiac outcome research in Canada and would bypass many of the recognized limitations of administrative data such as interhospital
variations in coding practices, the lack of key clinical data
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elements (eg, left ventricular ejection fraction, specific vessels
involved, lesion characteristics) and other issues outlined below.
We remind readers that to achieve a reasonably homogeneous PCI case definition from administrative data, we confined our outcome analyses to coded PCI cases in patients
discharged from hospitals where PCI actually occurred – an
approach that resulted in the omission of cases where PCI was
coded in day procedure data from tertiary care centres or where
it was coded in hospital discharge abstract data from community hospitals that do not perform PCI. Furthermore, the
administrative hospital discharge abstract data used for this
study are limited in providing information only on short term
in-hospital outcomes during the index stay, when longer term
outcomes are also of great interest. In the face of these many
caveats surrounding administrative data, our adjusted mortality
and same-admission CABG estimates should therefore be
interpreted cautiously; they should be considered merely possible indicators of quality of care that need to be corroborated by
focused follow-up studies using richer clinical data sources or
evaluating processes of care.
A second limitation of our study is the lack of data for all
years studied for the province of Quebec. Quebec hospitals do
not routinely submit their data to CIHI, and their data do not
contain the diagnosis-type indicators that we used in our risk
adjustment analysis.
A third study limitation is our inability to distinguish primary PCI from PCI done for other reasons. CIHI data do not
contain information for the precise timing of myocardial
infarction relative to PCI. Instead, cases were identified where
PCI occurred in a hospitalization and an acute myocardial
infarction was also coded. This subgroup included patients
who underwent a true, primary PCI, as well as those who
underwent PCI some time during hospitalization but not
immediately after onset of myocardial infarction. Future
research into outcomes after PCI will need to address this issue
because primary PCI for myocardial infarction is in many ways
a different procedure from elective or semielective PCI for
revascularization.
Another caveat to our findings is that the performance of
same-admission CABG does not always indicate that PCI has
been accompanied by an adverse outcome. We assessed sameadmission CABG as an adverse outcome because it has been
an outcome measure of interest in prior PCI outcome studies.
However, with increasing use of PCI as an early intervention
in acute coronary syndromes, use of CABG surgery soon afterwards does not necessarily indicate an adverse outcome. At
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least some PCI patients will go on to have planned surgical
revascularization once their acute coronary syndrome stabilizes. Rates of same-admission CABG therefore need to be
viewed with some caution.
A final statistical caveat is that our analyses focused on
individual PCI procedures rather than on individual patients,
because our data do not permit us to link multiple PCI hospitalizations occurring in individual patients. This analysis
approach leads to a slight underestimation of the variance surrounding estimates of risk-adjusted mortality.
Despite these limitations and caveats, our study provides
useful information on national PCI outcome trends and interprovincial differences in outcomes after PCI. Our findings suggest that PCI use has increased in Canada and that the average

APPENDIX 1
Logistic regression model for the prediction of
in-hospital mortality after percutaneous coronary intervention
Variable

Coefficient

Intercept

–6.77

Odds ratio (95% CI)

patient is older, sicker and suffering from a higher acuity of illness. Despite this, adjusted post-PCI rates of in-hospital mortality have remained the same and rates of same-admission
CABG have decreased from 1992/93 to 2000/01. Our findings
of interprovincial differences in in-hospital PCI outcomes raise
the possibility of quality of care differences across provinces.
Interprovincial collaboration in cardiac outcome studies is
now required for us to better understand the factors that affect
PCI outcomes in Canada.
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Mild liver disease

1.59

4.89 (1.48 to16.21)

Metastatic disease

1.85

6.39 (3.68 to 11.08)

Recent myocardial infarction

1.70

5.47 (4.80 to 6.24)

Chronic renal disease

1.42

4.13 (3.26 to 5.24)

APPENDIX 2
Logistic regression model for the prediction of
same-admission CABG after percutaneous coronary
intervention

Congestive heart failure

1.41

4.09 (3.67 to 4.57)

Variable

Coefficient

Cerebrovascular disease

1.30

3.66 (2.99 to 4.47)

Intercept

–4.54

Age over 65 years

1.06

2.88 (2.58 to 3.21)

Ventricular aneurysm

1.31

3.71 (2.66 to 5.17)

Urgent admission

0.93

2.53 (2.12 to 3.03)

Cerebrovascular disease

0.98

2.68 (2.13 to 3.36)

Neoplasia

0.69

1.99 (1.42 to 2.80)

Congestive heart failure

0.90

2.45 (2.13 to 2.82)

Diabetes with complications

0.48

1.62 (1.13 to 2.33)

Chronic lung disease

0.27

1.31 (1.08 to 1.59)

Peripheral vascular disease

0.44

1.55 (1.21 to 2.00)

Recent myocardial infarction

0.96

2.60 (2.35 to 2.88)

Diabetes

0.22

1.25 (1.11 to 1.41)

Unstable angina

0.50

1.66 (1.52 to 1.81)

Female sex

0.25

1.28 (1.15 to 1.42)

Prior CABG

–0.71

0.49 (0.41 to 0.59)

Prior CABG

–0.30

0.74 (0.61 to 0.91)

Primary diagnosis acute

–1.12

0.33 (0.28 to 0.38)

Unstable angina

–0.71

0.49 (0.43 to 0.56)

myocardial infarction

CABG Coronary artery bypass grafting. c statistic = 0.878;
H-L χ2=21.3209; df=8; P=0.0063

Odds ratio (95% CI)

CABG Coronary artery bypass grafting. c statistic = 0.670;
H-L χ2=21.8894; df=6, P=0.0013
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Chapter 21: Use of valve surgery in Canada
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Cardiovascular Outcomes Research Team. Use of valve
surgery in Canada. Originally published in Can J Cardiol
2004;20(2):149-154.
BACKGROUND: To date, although clinical databases have been
used to report on single centre or regional valve surgery outcomes,
neither clinical nor administrative data have been used to examine
rates of valve surgery use across large geographical regions. The objective of the present study was to use administrative data to evaluate
use of valve surgery over time and across Canada.
METHODS: All cases of aortic valve replacement (AVR), mitral
valve replacement (MVR), mitral valve repair (MV repair), combined AVR and coronary artery bypass grafting (CABG), and combined MVR/MV repair and CABG between fiscal years 1994/95 and
1999/2000 were identified using hospital discharge abstract data
obtained from the Canadian Institute for Health Information. Ageand sex-adjusted rates of valve surgery were then calculated by
province and by procedure type.
RESULTS: Rates of valve surgery for all procedure types increased
between fiscal years 1994/95 and 1999/2000 with the exception of
MVR, which remained relatively constant. Significant variation in
rates of valve surgery was found between male and female residents.
Similar variation was also demonstrated across provinces by year and
by procedure type.
CONCLUSION: There was a trend toward increased use of valve surgery over time for most procedures. Variation in rates of valve surgery
exists across provinces. These results provide a starting point from which
to track future trends in use and outcomes for these major procedures.

La chirurgie valvulaire au Canada
CONTEXTE : Même s’il existe des bases de données cliniques sur les
résultats de la chirurgie valvulaire dans un centre donné ou dans une
région en particulier, on n’a jamais évalué le taux de recours à la chirurgie
valvulaire dans de grandes régions géographiques à partir des données
cliniques ou administratives. Aussi la présente étude avait-elle pour but
d’examiner ce taux et dans le temps et dans toutes les régions du Canada
à partir de données administratives.
MÉTHODE : Nous avons relevé tous les cas de remplacement valvulaire
aortique (RVA), de remplacement valvulaire mitral (RVM), de valvuloplastie mitrale (VM), de RVA associé à un pontage coronarien et de RVM
ou de VM associés à un pontage coronarien, à partir des registres de sorties d’hôpitaux de l’Institut canadien d’information sur la santé pour les
exercices 1994-1995 et 1999-2000. Les taux de chirurgie valvulaire,
rajustés selon l’âge et le sexe, ont été calculés pour chacune des provinces
et par type d’intervention.
RÉSULTATS : Les taux de chirurgie valvulaire ont augmenté entre les
exercices 1994-1995 et 1999-2000, et ce, pour tous les types d’intervention, sauf pour le RVM, qui est resté relativement stable. Des écarts significatifs de taux ont été enregistrés entre les hommes et les femmes. Il en
va de même dans toutes les provinces par année et par type d’intervention.
CONCLUSIONS : Une tendance à la hausse a été observée dans le
temps pour la plupart des interventions. Il existe des écarts quant aux taux
de chirurgie valvulaire dans toutes les provinces. Les résultats enregistrés
constituent un point de départ pour le suivi des tendances futures en ce
qui concerne le recours à ces interventions importantes et leurs résultats.

Key Words: Surgery; Use; Valve

dministrative data have been used to examine rates of
coronary artery bypass grafting (CABG) in Canada (1,2).
These studies have demonstrated trends over time and variation across centres in CABG use and outcomes (1,2).
Correlative studies between administrative data and more
detailed clinical databases have confirmed the validity of
administrative data for both usage and outcomes reporting for
CABG (3). To date, although clinical databases have been
used to report on single centre or regional valve surgery outcomes (4-7), neither clinical nor administrative data have
been employed to examine the use of and outcomes after valve
surgery across Canada. In Canada, no clinical database exists

A

that would permit a nationwide demonstration of valve surgery
use and outcomes.
Recent innovations in valve surgery techniques, most
notably the widespread adoption of effective and reproducible
valve repair approaches (8-10), and the development of
replacement valves with excellent long-term durability and
freedom from morbidity (11,12) have impacted significantly
on the accepted indications for valve surgery. It is not clear to
what extent these indications for valve surgery have been put
into practice across Canada. However, any observed variation
in rates of valve surgery across Canada would potentially be
attributable to differences in practice patterns among cardiac
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caregivers, as well as to regional differences in valvular disease
burden and access to tertiary cardiac services.
The objective of the present study was thus to evaluate the
use of valve surgery across Canada over time and to address
current knowledge gaps concerning the use of these major surgical procedures.

METHODS
Data sources
Hospital discharge abstract data obtained from the Canadian
Institute for Health Information (CIHI) were used for this
study. CIHI compiles discharge records of acute care hospital
admissions in all Canadian provinces and territories. As of 1995,
some provinces were recording clinical information in the form
of codes of the ninth revision of the International Classification of
Diseases, Clinical Modification (ICD-9-CM) (13), whereas others
were still using the older ICD-9 codes for diagnoses and the
Canadian Classification of Procedures (CCP) (14) codes for
procedures. For this study, CIHI created a uniform database by
converting codes from provinces using ICD-9-CM to ICD-9
codes for diagnoses and to CCP codes for procedures.
Definitions
Rates of aortic valve and mitral valve surgery were determined
by province and by year for fiscal years 1994/1995 through
1999/2000. Aortic valve replacements (AVRs) were identified
by screening all hospital discharges for CCP codes 47.24 (aortic
valve with tissue graft including autograft, heterograft and
homograft) and 47.25 (other replacement of aortic valve
including prosthetic valve and those not otherwise specified).
Mitral valve replacements (MVRs) were identified by screening all hospital discharges for CCP codes 47.22 (mitral valve
with tissue graft including autograft, heterograft and homograft)
and 47.23 (other replacement of mitral valve including prosthetic valve and those not otherwise specified). Finally, mitral
valve repairs (MV repairs) were identified by screening all hospital discharges for CCP codes 47.12 (open heart valvuloplasty
of the mitral valve without replacement), 47.31 (operations on
papillary muscles), 47.32 (operations on chordae tendineae) and
47.33 (valve annuloplasty). Although the CCP codes for MV
repair are not mutually exclusive, patients who were assigned
more than one of the codes for MV repair were regarded as
having undergone a single procedure to avoid being counted
more than once. Patients who underwent combined valve
repair or replacement and CABG were identified by screening
all hospital discharges for any of the above-mentioned valve
procedure codes in addition to the CCP codes for CABG
(48.11 through 48.19).
Cases were assigned to the patient’s province of residence
rather than to the province in which the surgery was performed.
Furthermore, individuals identified as having had one of the
above-mentioned procedures may have undergone other concomitant cardiac procedures. For example, a patient identified
as having had an AVR may have also had a concomitant MV
repair. This particular patient would have thus been counted
twice, once as an AVR and once as an MV repair. However, a
patient who had a combined AVR and CABG would be
included under the AVR + CABG category but would not be
included in the AVR category. Similarly, a patient who underwent a combined CABG and MVR would be included in the
CABG + MVR/MV repair category but would not be included
in the MVR or MV repair categories. This approach was taken
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to provide a more complete overview of the total number of
valve procedures performed across Canada regardless of
whether these procedures were performed in isolation or in
combination with other cardiac and noncardiac procedures.
Exclusions
All procedures performed in patients below the age of 20 years
and above the age of 105 years were omitted from the analysis,
thus excluding all valve surgery performed in pediatric
patients. In addition, all patients from the Canadian
Territories (Yukon, Northwest Territories and Nunavut) were
excluded because the number of cases from these regions was
too small to permit the reporting of meaningful rates. Finally,
all patients with missing health region information and those
who were identified as having had valve surgery in a hospital
that was not recognized as an established adult cardiac surgical
center were excluded from the study.
Analysis
Crude population rates of valve surgery were calculated and
adjusted for age and sex using the age and sex distribution of the
1991 Canadian population and expressed as the number of valve
surgery cases per 100,000 persons. A comparison of men and
women within each age category (20 to 49 years, 50 to 64 years,
65 to 74 years, 75 to 100 years) was assessed using the Pearson χ2
statistic, and the significance associated with interprovincial
variation by year and by procedure type was assessed using the
likelihood ratio χ2 test. P-values less than 0.05 were considered
statistically significant. All statistical analyses were performed
using the SAS statistical software package, version 8.2 (SAS Inc,
USA).

RESULTS
A total of 13,109 cases of AVR, 7678 cases of MVR, 2993 cases
of MV repair, 8277 cases of AVR + CABG, and 4573 cases of
MVR/MV repair + CABG were performed across Canada
between fiscal years 1994/95 and 1999/2000.
Age and sex distribution
Age- and sex-specific rates of valve surgery for fiscal years
1994/1995 through 1999/2000 are reported in Table 1 by procedure type. The majority of aortic valve and mitral valve surgeries were performed in patients over the age of 65 years.
Compared with female residents, male residents of Canada
across all age groups were more likely to undergo AVR, combined AVR and CABG, and combined MVR or MV repair and
CABG. Female residents between the ages of 20 years and
74 years, on the other hand, were more likely than male residents to undergo MVR. Sex differences did not exist for either
MVR over the age of 75 years, or for MV repair across all ages.
Distribution of rates over time and by province
Age- and sex-adjusted rates of all types of valve surgery have
increased over time. However, rates of MVR exhibited the
least amount of change between fiscal years 1994/95 and
1999/2000 (Table 2).
Age- and sex-adjusted rates of all aortic valve and mitral valve
surgeries by province and by year are reported in Table 3. There
was significant variation across provinces in rates of valve surgery,
with the lowest rates of mitral and aortic valve surgery found
among residents of Newfoundland and Labrador and the highest
rates among residents of Saskatchewan and British Columbia.
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TABLE 1
Age- and sex-specific rates of valve surgery per 100,000 Canadians* by procedure type for fiscal years 1994/95 to 1999/2000
20 to 49 years
Valve procedure

50 to 64 years

Female

Male

P

AVR

1.7

4.4

MVR

2.2

1.5

MV repair

0.9

AVR + CABG
MVR/MV repair + CABG

65 to 74 years

Female

Male

P

Female

<0.001

10.7

19.7

<0.001

0.003

12.9

8.9

<0.001

1.0

0.539

3.4

4.3

0.134

7.4

0.2

0.5

0.001

2.5

10.7

<0.001

14.7

0.1

0.3

0.025

3.4

6.3

<0.001

13.7

75 to 105 years

Male

P

Female

Male

P

27.7

40.3

<0.001

22.5

33.8

<0.001

22.9

15.8

<0.001

10.1

9.5

0.718

7.4

0.963

3.3

3.6

0.738

44.9

<0.001

17.6

50.2

<0.001

21.2

<0.001

8.2

15.1

<0.001

*Aged 20 years to 105 years, and excluding residents of Canadian Territories. AVR Aortic valve replacement; CABG Coronary artery bypass grafting; MV Mitral
valve; MVR Mitral valve replacement

TABLE 2
Age- and sex-adjusted rates of valve surgery per 100,000
Canadians* by procedure type for fiscal years 1994/95 to
1999/2000

TABLE 4
Age- and sex-adjusted rates of valve surgery per 100,000
Canadians* by province and procedure type for fiscal
years 1994/95 to 1999/2000

Valve
procedure

Province
of residence

1994/
95

1995/
96

1996/
97

1997/
98

1998/
99

1999/
2000

P

AVR

MVR

MV repair

AVR +
CABG

MVR/MV repair
+ CABG

AVR

9.0

9.3

9.2

9.9

10.3

10.1

<0.001

AB

9.3

5.6

2.9

5.0

3.1

MVR

5.4

5.6

5.3

6.0

5.9

5.7

<0.001

BC

10.4

8.1

1.9

6.7

4.7

MV repair

1.8

1.8

2.2

2.5

2.4

2.5

<0.001

MB

9.6

6.4

1.4

4.1

2.3

AVR + CABG 5.0

5.3

5.6

6.4

6.7

7.2

<0.001

NB

8.7

3.3

1.7

7.1

3.6

MVR/

3.0

3.4

3.6

3.6

3.7

<0.001

NL

6.5

3.7

0.4

4.5

1.9

MV repair +

NS

10.0

4.2

1.5

6.8

3.0

CABG

ON

8.9

4.8

2.5

6.0

3.0

*Aged 20 years to 105 years, and excluding residents of Canadian Territories;
AVR Aortic valve replacement; CABG Coronary artery bypass grafting;
MV Mitral valve; MVR Mitral valve replacement

PEI

8.4

4.5

1.4

7.2

2.5

QC

10.6

6.1

2.0

6.2

3.6

SK

10.7

6.7

2.9

6.5

4.3

9.7

5.7

2.2

6.0

3.4

0.034

<0.001

0.003

0.045

<0.001

2.9

TABLE 3
Age- and sex-adjusted rates of valve surgery (all types)
per 100,000 Canadians*, fiscal years 1994/95 to 1999/2000
Province
of residence

1994/95

1995/96 1996/97 1997/98

1998/99 1999/00

AB

19.9

19.0

22.3

25.2

26.0

BC

25.7

27.2

27.0

26.8

28.8

25.1
32.0

MB

17.8

22.0

21.5

22.0

26.2

21.4
25.9

NB

19.3

19.5

17.8

25.1

24.2

NL

16.5

19.2

14.5

15.4

14.7

14.5

NS

20.3

24.2

20.3

22.3

24.6

29.1

ON

19.0

19.9

21.5

24.0

24.7

23.9

PEI

18.4

27.7

17.9

21.8

19.2

20.3

QC

22.8

23.5

23.4

26.6

27.3

28.5
26.7

SK

26.1

30.7

26.5

27.1

26.2

Total

21.2

22.4

22.7

25.0

25.9

26.3

<0.001

<0.001

<0.001

<0.001

P value

<0.001

<0.001

*Aged 20 years to 105 years and excluding residents of Canadian Territories.
P-values are based on the χ2 statistic and test signficance of differences from
the expected rate of procedures based on age- and sex-specific national
rates. AB Alberta; BC British Columbia; MB Manitoba; NB New Brunswick;
NL Newfoundland and Labrador; NS Nova Scotia; ON Ontario; PEI Prince
Edward Island; QC Quebec; SK Saskatchewan

When rates of valve surgery for the period between fiscal years
1994/95 to 1999/2000 were broken down by procedure type
and province (Table 4), a similar interprovincial variation was
seen. Figures 1 and 2 illustrate the regional variation within
and across provinces in rates of aortic and mitral valve surgery
by health region for fiscal years 1997/98 to 1999/2000. Figure 1
depicts rates of isolated valve procedures (ie, AVR, MVR, and
MV repair surgery) by health region for all of Canada, while

Total
P value

*Aged 20 years to 105 years and excluding residents of Canadian Territories.
P-values are based on the χ2 statistic and test signficance of differences from
the expected rate of procedures based on age- and sex-specific national
rates. Overall P-value addresses whether or not there is a significant interprovincial variation. AVR Aortic valve replacement; CABG Coronary artery
bypass grafting; MV Mitral valve; MVR Mitral valve replacement; AB Alberta;
BC British Columbia; MB Manitoba; NB New Brunswick; NL Newfoundland
and Labrador; NS Nova Scotia; ON Ontario; PEI Prince Edward Island;
QC Quebec; SK Saskatchewan

Figure 2 depicts the rates of combined valve and CABG procedures (ie, AVR and CABG, and combined MVR or MV
repair and CABG) by health region for all of Canada. It should
be noted that valve surgery rates from health regions that had
fewer than 10 reported cases between fiscal years 1997/98 and
1999/2000 were suppressed.
Data validation
A comparison between rates of valve surgery generated from
clinical databases from Nova Scotia and British Columbia and
rates of valve surgery generated from administrative databases
from CIHI was carried out (Appendix 1A and 1B). In both of
these provinces, clinical data were highly correlated with
administrative data for AVR, combined AVR and CABG, MVR,
and combined MVR or MV repair and CABG. However, significant differences existed between clinical and administrative
databases for MV repair in British Columbia, with administrative
data consistently overestimating the number of MV repairs performed across all years. Differences between clinical and administrative databases in the reporting of MV repair for the province
of Nova Scotia were less pronounced.
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Figure 1) Age- and sex-standardized rate of valve procedures without concomitant coronary artery bypass grafting (CABG) per 100,000 adults, by
health region (HR) for fiscal years 1997/98 to 1999/2000. Source: Canadian Institute for Health Information. PEI Prince Edward Island

Figure 2) Age- and sex-standardized rate of combined coronary artery bypass grafting (CABG)/valve procedures per 100,000 adults, by health
region (HR) for fiscal years 1997/98 to 1999/2000. Source: Canadian Institute for Health Information. PEI Prince Edward Island
168

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

Valve surgery in Canada

DISCUSSION
Rabkin and Chu-Chun-Lin (15) reported that mortality rates
associated with rheumatic heart disease in Canada had
declined between 1969 and 1984 and that mortality rates
associated with non-rheumatic heart disease, including common senile degenerative valvular disease processes, had either
remained stable or increased during the same time period. This
provides evidence that the rates of rheumatic heart disease are
declining while the rates of senile valve disease are increasing.
Because rheumatic heart valve disease more commonly afflicts
younger people and because nonrheumatic heart valve disease
predominates among older people, one would expect the current rates of valve surgery to be higher in the elderly population. This is in keeping with our findings that the highest rates of
AVR, MVR, MV repair, and combined MVR or MV repair and
CABG were observed in the 65-year-old to 74-year-old age group
and the highest rates of combined AVR and CABG were found
in the 75-year-old to 105-year-old age group.
Sex differences were found in rates of valve surgery in Canada.
Male residents were more likely than female residents to undergo
AVR, combined AVR and CABG, and combined MVR or MV
repair and CABG across all age groups, while female residents
between the ages of 20 years and 74 years were more likely to
undergo MVR. Sex differences did not exist for MVR over the
age of 75 years and for MV repairs across all age groups. These differences in rates of valve surgery between men and women may
relate to sex discrepancies found when considering the various
causes of aortic valve and mitral valve dysfunction. Women are
known to have higher rates of rheumatic mitral valve disease
(15,16) and mitral regurgitation from any cause (17) with the
exception of mitral valve prolapse (18), while men are known to
have higher rates of both rheumatic and nonrheumatic aortic
valve disease (15). Furthermore, men have a higher incidence of
coronary artery disease (19), which likely contributes to the
higher rates of combined valve and CABG procedures among
men. Sex differences in rates of valve surgery may also reflect the
possibility that women are less likely to be referred for valve surgery than men. However, an inception cohort of all residents
with valvular disease regardless of whether or not they had been
operated upon would be needed to conclusively demonstrate a
sex bias in referral patterns.
As seen in Table 2, rates of all types of valve surgery have
increased over time. This may represent an increase in the total
number of referrals for valve surgery based on improved outcomes from these procedures (20,21). Furthermore, recently
published guidelines from the American College of Cardiology
and the American Heart Association (22) have advanced a
more aggressive approach to patients with valvular heart disease that may have resulted in earlier and overall increased
referrals. It should be noted, however, that the rates of MVR
exhibited the smallest magnitude of change over time. These
relatively stable rates of MVR must be considered in light of
the marked increases in rates of MV repair that are likely
indicative of the widespread acceptance of the superiority of
MV repair compared with MVR (8,23-26).
Tables 3 and 4 illustrate the provincial age- and sex-adjusted
rates of valve surgery by year and by procedure type, respectively.
Significant variation was observed between provinces, with
Newfoundland and Labrador consistently exhibiting the lowest
rates of valve surgery for all years and procedure types. It is
important to note that no judgment can be made as to the
appropriateness of a given rate of valve surgery without reliable

information about the disease burden of operable valve lesions
across Canada. Furthermore, there is no published literature to
date, at either a provincial or a national level, with which we
can compare the population rates of valve surgery across
Canada. Thus, the lower rates of valve surgery found in
Newfoundland could represent a diminished valvular disease
burden, a difference in cardiology referral or cardiac surgical
practice pattern, or a decrease in access to care from diagnosis
to the point of intervention.
Although the validity of administrative databases in reporting rates of and outcomes after CABG in comparison with
clinical data sources has been established (3), one of the
methodological objectives of the present study was to assess the
performance of administrative data sources in reporting rates of
valve surgery compared with clinical databases. The number of
aortic valve and mitral valve procedures obtained from administrative data from CIHI was compared with the number of aortic
valve and mitral valve procedures derived from detailed clinical
registries from two separate provinces, Nova Scotia (Maritime
Heart Centre database) and British Columbia (British
Columbia Cardiac Registry). There was close agreement
between clinical and administrative data for all valve procedures
with the exception of MV repair, in which administrative data
consistently overestimated the number of MV repairs for the
province of British Columbia. This systematic trend may be the
result of inconsistencies in coding or differences in definitions
between clinical and administrative databases. While AVR and
MVR have clearly designated codes in both the ICD-9-CM and
CCP coding systems, MV repair does not. In an effort to determine rates of MV repair, we used codes representing different
forms of valve repair that were neither exclusive of one another
nor necessarily specific to the mitral valve position. Although
we addressed the possibility of a patient being assigned more
than one CCP code for a single MV repair, it remains possible
that a patient who was thought to have undergone a repair of
the mitral valve had actually undergone a repair of a valve other
than the mitral valve. Furthermore, a patient who underwent an
MVR with either preservation of or repair of surrounding mitral
valve structures might have been coded as both an MVR and
an MV repair. This latter situation appears to have taken place
because 958 of the 2993 reported cases of MV repair were coded
for both MVR and MV repair while 258 of the 4573 reported
cases of combined CABG + MVR/MV repair were coded for
both MVR and MV repair as well. This emphasizes the need
for heightened awareness among medical record abstractors of
coding issues surrounding mitral valve repair and for improved
coding nomenclature for mitral valve repair. Such improvements can actually be found in the most recent iteration of the
International Classification of Diseases (ICD-10-CA), which is
currently in use.

CONCLUSION
Using administrative data, we established age- and sex-adjusted
rates of aortic valve and mitral valve surgery across Canada by
year, by province and by health region within the provinces.
We observed increased use of valvular surgery over time across
most provinces and procedures. Significant variation between
provinces in rates of valve surgery was also observed. These
results represent the first use of administrative data to examine valve surgery use in Canada and will serve to provide a
starting point for future study of valve surgery use and outcome trends.
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APPENDIX 1A
Comparison between Canadian Institute for Health
Information (CIHI) and the British Columbia Cardiac
Registry (BCCR) databases
Valve procedure

Source

AVR

BCCR

286

317

328

330

CIHI

287

320

327

331

MVR
MV repair
AVR + CABG
MVR/MV repair
+ CABG

1996

1997

1998

1999

BCCR

212

231

237

297

CIHI

213

238

233

300

BCCR

25

35

35

52

CIHI

53

56

49

71

BCCR

187

203

254

255

CIHI

184

195

242

259

BCCR

171

135

161

172

CIHI

173

120

157
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AVR Aortic valve replacement; CABG Coronary artery bypass grafting;
MVR Mitral valve replacement; MV repair Mitral valve repair

APPENDIX 1B
Comparison between Canadian Institute for Health
Information (CIHI) and the Maritime Heart Centre (MHC)
databases
Valve procedure
AVR
MVR
MV repair
AVR + CABG
MVR/MV repair +
CABG

Source

1996

1997

1998

1999

MHC

75

80

78

100

CIHI

70

85

80

101

MHC

28

41

30

23

CIHI

28

42

33

32

MHC

8

7

18

18

CIHI

12

8

18

20

MHC

43

67

57

85

CIHI

45

61

57

79

MHC

27

13

30

27

CIHI

25

16

26

30

AVR Aortic valve replacement; CABG Coronary artery bypass grafting;
MVR Mitral valve replacement; MV repair Mitral valve repair
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Chapter 22: Outcomes after aortic and mitral valve
replacement surgery in Canada: 1994/95 to 1999/2000
Ansar Hassan MD1, Hude Quan MD PhD2, Alice Newman MSc3, William A Ghali MD MPH2, Gregory M Hirsch MD1,
for the Canadian Cardiovascular Outcomes Research Team

A Hassan, H Quan, A Newman, WA Ghali, GM Hirsch, for
the Canadian Cardiovascular Outcomes Research Team.
Outcomes after aortic and mitral valve replacement surgery in
Canada: 1994/95 to 1999/2000. Originally published in Can J
Cardiol 2004;20(2):155-163.
BACKGROUND: Although outcomes after coronary artery bypass
grafting (CABG) have been studied extensively across Canada, using
both clinical and administrative databases, studies examining outcomes
after valve surgery in Canada have been restricted to regional investigations using clinical data sources of limited scope. The objective of the
present study was to report on observed and risk-adjusted in-hospital mortality rates after aortic valve replacement (AVR) and mitral valve
replacement (MVR) across Canada between 1994/95 and 1999/2000
using administrative data.
METHODS: All cases of AVR and MVR (with and without concomitant CABG) performed between 1994/95 and 1999/2000 were identified
using hospital discharge abstract data obtained from the Canadian
Institute for Health Information. Rates of in-hospital mortality were riskadjusted using logistic regression modelling techniques to account for
variations in sociodemographic, comorbidity, and disease-specific indicators of average severity of illness across years and provinces. Risk-adjusted
outcomes were unavailable for the province of Quebec.
RESULTS: The overall in-hospital mortality rate, excluding Quebec,
between 1994/95 and 1999/2000 after isolated AVR with or without
CABG was 3.7% and isolated MVR with or without CABG was 5.7%.
Although risk-adjusted in-hospital mortality rates by year were
unchanged between 1994/95 and 1999/2000, significant interprovincial
variation did exist, ranging from 2.6% to 6.8% for AVR with or without
CABG and 2.5% to 13.0% for MVR with or without CABG.
CONCLUSION: In-hospital mortality rates after valve surgery have
remained stable over time. However, significant variation in outcomes
was noted between provinces. The results of this study provide the first
comprehensive account of valve surgery outcomes across Canada.

Key Words: Outcomes; Surgery; Valve

hile outcomes after coronary artery bypass grafting
(CABG) have been studied extensively across
Canada using both clinical and administrative data sources
(1-5), studies examining outcomes after valve surgery in
Canada have been restricted to either single-centre or
regional investigations using clinical data sources of limited
scope (6-9).
To date, the largest assessments of valve surgery outcomes
in North America have used multicentre clinical data sets
from New York State (10), the Northern New England
Cardiovascular Disease Study Group (11) and the Society of
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Issues après une chirurgie de remplacement de
la valve mitrale au Canada, de 1994-1995 à
1999-2000
HISTORIQUE : Les issues d’un pontage aortocoronarien ont fait l’objet
d’études approfondies au Canada, à l’aide de bases de données tant cliniques qu’administratives, mais celles sur les issues des chirurgies valvulaires au Canada se limitent à des recherches régionales faisant appel à des
sources de données cliniques de peu de portée. La présente étude visait à
rendre compte des taux de mortalité nosocomiale observés et rajustés au
risque après une chirurgie de remplacement de la valve sigmoïde (CRVS)
et une chirurgie de remplacement de la valve mitrale (CRVM) au Canada
entre 1994-1995 et 1999-2000, à l’aide de données administratives.
MÉTHODOLOGIE : Tous les cas de CRVS et de CRVM (avec ou sans
pontage aortocoronarien concomitant) effectuées entre 1994-1995 et
1999-2000 ont été repérés à l’aide des données résumées du congé hospitalier obtenues auprès de l’Institut canadien d’information sur la santé. Les
taux de mortalité nosocomiale étaient rajustés au risque au moyen de techniques de modélisation de la régression logistique pour tenir compte des
variations sociodémographiques, de la comorbidité et d’indicateurs propres
à une maladie de gravité moyenne, au fil des ans et entre les provinces. La
province de Québec ne disposait pas d’issues rajustées au risque.
RÉSULTATS : Le taux de mortalité nosocomiale global, à l’exclusion de
celui du Québec, entre 1994-1995 et 1999-2000 après avoir isolé la CRVS
avec ou sans pontage aortocoronarien s’élevait à 3,7 %, et celui de CRVM
avec ou sans pontage aortocoronarien, à 5,7 %. Bien que les taux annuels
de mortalité nosocomiale rajustés au risque n’aient pas changé entre
1995-1995 et 1999-2000, on observait d’importantes variations interprovinciales, oscillant entre 2,6 % et 6,8 % en cas de CRVS avec ou sans
pontage aortocoronarien, et entre 2,5 % et 13,0 % en cas de CRVM avec
ou sans pontage aortocoronarien.
CONCLUSION : Les taux de mortalité nosocomiale après une chirurgie
valvulaire sont demeurés stables dans le temps. Cependant, d’importantes
variations d’issues ont été remarquées entre les provinces. Les résultats de
cette étude constituent le premier compte rendu détaillé des issues des
chirurgies valvulaires effectuées au Canada.

Thoracic Surgeons (12,13). These larger scale analyses have
resulted in regionally relevant risk-predictor models and have
allowed for the feedback of risk-adjusted outcomes to practitioners regarding patients undergoing valve surgery.
At present, no clinical database exists that would permit
the comprehensive assessment of valve surgery outcomes
across Canada. Meanwhile, Canadian administrative databases, while previously shown to be valid in the reporting of
nationwide CABG outcomes (14), have not yet been used to
describe observed or risk-adjusted mortality rates after valve
surgery.
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The objective of the present study was to use administrative
data for the first time to report on observed and risk-adjusted
in-hospital mortality rates after aortic valve replacement
(AVR) and mitral valve replacement (MVR) across Canada
between 1994/95 and 1999/2000.

METHODS
Data sources
Hospital discharge abstract data obtained from the Canadian
Institute for Health Information (CIHI) were used for this study.
CIHI compiles discharge records for acute care hospitalizations in
all Canadian provinces and territories. As of 1995, some provinces
were recording clinical information in the form of codes of the
ninth revision of the International Classification of Diseases, Clinical
Modification (ICD-9-CM) (15), whereas others were still using
the older ICD-9 codes for diagnoses and the Canadian
Classification of Procedures (CCP) (16) codes for procedures. For
the present study, CIHI created a uniform database by converting
codes from provinces using ICD-9-CM to ICD-9 codes for diagnoses and CCP codes for procedures. Data were studied for fiscal
years 1994/95 to 1999/2000. Fiscal years began each April 1 and
ended the following March 31.
Data from two regional clinical databases were used to validate
the CIHI database in reporting on outcomes after AVR and MVR.
The two clinical data sets used in this study were the Maritime
Heart Centre (MHC) cardiac surgery database based at the Queen
Elizabeth II (QEII) Health Sciences Centre in Halifax, Nova
Scotia, and the British Columbia Cardiac Registry (BCCR) based
at St Paul’s Hospital in Vancouver, British Columbia. The MHC’s
cardiac surgery database prospectively collects detailed pre-, intraand postoperative information on all cardiac surgery procedures
performed in the province of Nova Scotia, while the BCCR collects detailed demographic, clinical and procedural data on all
adults undergoing cardiac catheterization, percutaneous interventions or cardiac surgery in the province of British Columbia.

Definitions
AVR was defined as any case in which only the aortic valve was
replaced with or without concomitant CABG. All patients who
underwent an AVR with a concomitant procedure other than
CABG were excluded, including those who underwent ‘double’ or
‘triple’ valve procedures. Cases of AVR were identified by screening
all hospital discharges for CCP codes 47.24 (aortic valve with tissue
graft including autograft, heterograft and homograft) and 47.25
(other replacement of aortic valve including prosthetic valve and
those not otherwise specified). Patients who had concomitant
CABG performed were identified by screening all hospital discharges for CABG CCP codes 48.11 to 48.19. MVR was defined as
any case in which only the mitral valve was replaced with or without simultaneous CABG. All patients who underwent an MVR
with a concomitant procedure other than CABG were excluded,
including those who underwent ‘double’ or ‘triple’ valve procedures.
Cases were identified by screening all hospital discharges for CCP
codes 47.22 (mitral valve with tissue graft including autograft, heterograft and homograft) and 47.23 (other replacement of mitral
valve including prosthetic valve and those not otherwise specified).
Patients who had concomitant CABG performed were identified by
screening all hospital discharges for CCP codes 48.11 to 48.19.

Exclusions
All cases performed in patients under the age of 20 years and over
the age of 105 years were omitted from the analysis. In addition,
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all patients from the Canadian territories (Yukon, Northwest
Territories and Nunavut) were excluded, as were patients with
missing health region information. Finally, any patient who was
identified as having had valve surgery in a hospital that was not
recognized as an established adult cardiac surgical centre was also
excluded because such cases typically represent patients hospitalized in smaller centres after inter-hospital transfer from a surgical
centre.

Analysis
Crude and risk-adjusted rates of in-hospital mortality after
AVR and MVR were determined by province and by year for
fiscal years 1994/95 through 1999/2000. Cases were assigned to
the province in which the surgery was performed rather than
the patient’s province of residence.
Separate risk-adjustment models were constructed for AVR
and MVR using multiple logistic regression modelling techniques. These models were used to adjust crude in-hospital
mortality rates for variations in age and sex distribution,
comorbidity, and disease-specific indicators of average severity
of illness across years and provinces. Comorbidity was defined
as the presence or absence of each of the 17 comorbidity variables found in the Charlson comorbidity index (17). These
variables were identified using an ICD-9 coding scheme and
then modelled individually for in-hospital mortality. This
was done instead of assigning a summarized Charlson comorbidity score because summarized scores have been shown to
suboptimally reflect the prognostic importance of each individual variable in risk-adjusting outcomes after CABG (18).
For the purposes of this analysis, “remote myocardial infarction” (defined as occurring beyond three weeks of admission
for surgery) and “recent myocardial infarction” (defined as
occurring within three weeks of admission for surgery) were
treated as separate variables. In addition, the variables “mild
liver disease” and “moderate to severe liver disease” were combined to form a single variable entitled “liver disease”, while
the variables “any neoplasm” and “metastatic disease” were
combined to form a single variable entitled “cancer”. Diseasespecific indicators were selected on the basis of clinical plausibility and previously reported valve surgery risk-adjustment
models generated from clinical data sets (10,12,13). These
indicators included hypertension (ICD-9 codes 401.x to
405.x), active endocarditis (ICD-9 codes 421.x and 424.9),
urgency status (elective versus urgent/emergent), pulmonary
hypertension (ICD-9 codes 415.0, 416.0 and 416.8), shock
(ICD-9 codes 785.5, 785.51 and 785.59), previous CABG
(CCP code V45.81), previous percutaneous coronary intervention (PCI) (CCP code V45.82), previous valve surgery
(CCP codes V42.2 and V43.3), concomitant CABG on current
admission (CCP codes 48.11 to 48.19), rheumatic mitral valve
disease (ICD-9 code 394.x), rheumatic aortic valve disease
(ICD-9 code 395.x), rheumatic and nonrheumatic tricuspid
valve disease (ICD-9 codes 397.0 and 424.2), and unstable
angina (ICD-9 code 411.x). These disease-specific variables
were evaluated and modelled individually for associations with
in-hospital mortality.
Diagnosis-type indicators enabled the authors to determine
whether a particular medical comorbidity or disease-specific
indicator was present at the time of admission or had developed
after admission. Where it has been shown that risk-adjusting
outcomes after CABG without such diagnosis-type indicators
may yield misleading results (19), only those variables that
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TABLE 1
Prevalence (%) of clinical and demographic risk variables by year in Canada for patients undergoing aortic valve
replacement, 1994/95 to 1999/2000 (excluding Quebec)
Variable

1994/95 – 1999/2000
(n=11,427)

1994/95
(n=1604)

1995/96
(n=1758)

1996/97
(n=1790)

1997/98
(n=1942)

1998/99
(n=2142)

1999/2000
(n=2191)

Age (mean years)

66.7

65.6

66.3

66.4

66.9

67.1

67.4

Age (median years)

69.0

68.0

68.0

69.0

69.0

69.0

70.0

Female (%)

31.9

32.2

30.6

32.8

32.1

33.0

32.5

Myocardial infarction (recent) (%)

3.1

2.9

2.7

3.1

3.1

2.7

3.8

Myocardial infarction (old) (%)

4.1

3.6

4.2

4.5

5.4

4.9

2.2
19.0

Congestive heart failure (%)

17.8

15.5

16.0

18.1

17.6

19.6

Peripheral vascular disease (%)

4.0

3.1

3.9

3.7

4.1

4.2

4.8

Cerebrovascular disease (%)

4.4

3.6

3.9

4.2

4.6

4.7

5.0

Dementia (%)

0.1

0.0

0.1

0.1

0.2

0.1

0.1

Chronic pulmonary disease (%)

8.3

7.4

7.5

8.4

8.0

9.5

8.6

Rheumatologic disease (%)

0.8

1.3

0.9

0.8

0.5

0.8

0.8

Peptic ulcer disease (%)

1.0

0.8

0.8

1.2

0.9

1.3

0.8

12.4

9.8

13.9

13.3

11.8

12.2

12.9

Diabetes (%)
Diabetes with chronic complications (%)

0.7

0.5

0.8

0.7

0.7

0.7

0.9

Hemiplegia or paraplegia (%)

0.5

0.4

0.3

0.6

0.5

0.5

0.3

Renal disease (%)

1.7

1.6

1.6

1.4

2.0

1.9

1.4

Liver disease (%)

0.4

0.3

0.2

0.3

0.4

0.6

0.7

Cancer (%)

1.4

1.8

1.0

1.5

1.1

1.7

1.3
32.5

Hypertension (%)

24.9

20.2

19.7

23.5

23.8

26.9

Active endocarditis (%)

2.4

2.1

2.6

2.4

2.3

2.4

2.4

Pulmonary hypertension (%)

2.3

1.8

1.9

2.4

2.1

2.5

3.0

Shock (%)

0.6

0.6

0.6

0.5

0.5

0.5

0.8

Previous CABG or PCI (%)

2.3

1.9

2.1

2.3

1.8

2.6

2.9

43.6

40.0

41.1

43.1

45.1

44.4

46.7

Previous valve surgery (%)

1.5

1.8

1.7

1.8

1.2

1.2

1.6

Rheumatic mitral valve insufficiency and/or stenosis (%)

0.3

0.4

0.3

0.3

0.0

0.4

0.3

Rheumatic aortic valve insufficiency and/or stenosis (%)

4.7

5.2

5.4

5.1

3.8

5.0

4.2

Tricuspid valve insufficiency and/or stenosis (%)

0.9

0.9

0.7

0.8

0.8

1.2

1.0

Unstable angina (%)

6.0

4.9

6.0

7.7

6.9

7.2

3.3

Concomitant CABG on current admission (%)

CABG Coronary artery bypass grafting; PCI Percutaneous coronary intervention

were present at the time of admission were considered in the
risk-adjustment model. The province of Quebec reported data
without such diagnosis-type indicators and was hence excluded
from the risk-adjustment analysis.
Variables that occurred in fewer than 10 cases, had no associated mortality or had large amounts of missing data were not
included in the risk-adjustment models. The remaining eligible
variables were included in the final risk-adjustment models.
The risk-adjustment models for AVR and MVR are presented
in Appendix A and Appendix B, respectively. The model
c-statistic values (AVR 0.736, MVR 0.786) indicate that they
perform very well in discriminating patients who died from
patients who did not.
The risk-adjustment models were used to calculate the predicted probability of in-hospital mortality for each patient.
The average of the predicted probabilities among cases in a
given year or province was calculated to yield an expected
mortality rate (E). The observed mortality rate (O) was divided
by E to generate an O:E ratio. To calculate the risk-adjusted
mortality rate for a given year or province, the O:E ratio was
multiplied by the overall Canadian mortality rate for the
entire study period. The risk-adjustment models were tested
for goodness of fit by comparing the expected and observed
mortality rates within deciles of predicted risk using the

Hosmer-Lemeshow test (Appendix C and Appendix D), and
each model displayed excellent calibration with a high degree
of correlation within each decile of risk. Ninety-five per cent
CIs were determined for each risk-adjusted mortality rate and
used to determine whether statistically significant differences
existed across years and provinces. Statistical analyses were
performed using the Statistical Analyzing Software package,
version 8.2 (SAS Inc, USA).

RESULTS
AVR
The annual number of cases of AVR in the outcome analysis
increased steadily from 1604 in 1994/95 to 2191 in 1999/2000
(Table 1). The average age of patients undergoing AVR
remained stable over time, as did the proportion of patients
who were female. However, the proportion of patients who
presented with congestive heart failure, peripheral and cerebrovascular disease, hypertension, and history of prior CABG
or PCI increased between 1994/95 and 1999/2000, as did the
proportion of patients who underwent concomitant CABG.
The overall Canadian in-hospital mortality rate after AVR
with or without concomitant CABG between 1994/95 and
1999/2000, excluding Quebec, was 3.7%. The in-hospital mortality rate for isolated AVR without CABG was 2.5%, while
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TABLE 2
Crude and risk-adjusted in-hospital mortality rate per 100 patients undergoing aortic valve replacement by year in Canada,
excluding Quebec, 1994/95 to 1999/2000
In-hospital mortality
Year

N

Observed deaths

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)

1994/95

1604

60

54

3.7

3.4

4.1 (3.1–5.0)

1995/96

1758

72

62

4.1

3.5

4.3 (3.4–5.2)

1996/97

1790

64

65

3.6

3.6

3.6 (2.8–4.5)

1997/98

1942

61

74

3.1

3.8

3.0 (2.2–3.8)

1998/99

2142

85

83

4.0

3.9

3.8 (3.0–4.6)

1999/00

2191

84

88

3.8

4.0

3.5 (2.8–4.3)

11,427

426

426

3.7

3.7

3.7 (3.4–4.1)

1994/95–1999/2000

Data from the Canadian Institute for Health Information

TABLE 3
Crude and risk-adjusted in-hospital mortality rate per 100 patients undergoing aortic valve replacement by year in Canada,
excluding Quebec, 1994/95 to 1999/2000
In-hospital mortality
Province

N

Observed deaths

Newfoundland

216

13

Nova Scotia

657

New Brunswick

421

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)

7

6.0

3.2

6.8 (4.1–9.4)

18

26

2.7

4.0

2.6 (1.2–3.9)

12

16

2.9

3.8

2.8 (1.0–4.5)

Ontario

5534

221

194

4.0

3.5

4.2 (3.7–4.7)

Quebec*

4055

246

176

6.1

4.3

6.0 (5.4–6.6)

Manitoba

519

24

27

4.6

5.2

3.3 (2.0–4.5)

Saskatchewan

599

19

21

3.2

3.5

3.4 (1.9–5.0)

Alberta

1201

45

47

3.7

3.9

3.5 (2.5–4.5)

British Columbia

2280

74

88

3.2

3.9

3.1 (2.4–3.8)

Canada (excluding Quebec)

11,427

426

426

3.7

3.7

3.7 (3.4–4.1)

Canada (including Quebec)

15,482

672

672

4.3

4.3

4.3 (4.0–4.7)

*Rates of in-hospital mortality for the province of Quebec were age- and sex-adjusted only due to the lack of diagnosis-type indicators. Data from the Canadian
Institute for Health Information

the in-hospital mortality rate for combined AVR and CABG
was 5.3%. This reflects the increased risk associated with concomitant CABG on current admission as seen in the riskadjustment model for AVR (Appendix A).
From 1994/95 to 1999/2000, the observed and risk-adjusted
in-hospital mortality rate by year remained stable (Table 2).
When reporting risk-adjusted in-hospital mortality rates by
province, significant interprovincial variation was noted
(Table 3). In particular, compared with the overall Canadian
rate of in-hospital mortality rate after AVR of 3.7% (excluding
Quebec), the province of Newfoundland had a significantly
higher risk-adjusted in-hospital mortality rate at 6.8% (95% CI
4.1% to 9.4%). The remaining provinces had in-hospital mortality rates that did not differ significantly from the overall
Canadian rate.
The province of Quebec was analyzed separately from the
other provinces because differences in data availability (ie, lack
of diagnosis-type indicators) did not allow us to risk-adjust the
outcomes beyond age and sex. The observed in-hospital mortality rate in Quebec between 1994/95 and 1999/2000 was
6.1% while the age- and sex-adjusted in-hospital mortality
rate was 6.0% (95% CI 5.4% to 6.6%). This was significantly
higher than the overall Canadian in-hospital mortality rate
after AVR of 4.3% (including Quebec).
MVR
The number of cases in this outcome analysis population
increased from 716 in 1994/95 to 900 in 1999/2000 (Table 4).
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The average age of patients undergoing MVR remained stable
over the years, as did the proportion of patients who were
female. However, the proportion of patients who presented
with congestive heart failure, hypertension, pulmonary hypertension, and history of prior CABG or PCI increased between
1994/95 and 1999/2000. No changes were noted over time in
the proportion of patients undergoing concomitant CABG.
Furthermore, there were no changes over time in the proportion of patients presenting with a history of prior valve surgery
and rheumatic mitral valve insufficiency and/or stenosis.
The overall Canadian in-hospital mortality rate after MVR
with or without concomitant CABG between 1994/95 and
1999/2000, excluding Quebec, was 5.7%. The in-hospital mortality rate for isolated MVR was 3.1%, while the in-hospital
mortality rate for combined MVR and CABG was 10.1%. This
reflects the increased risk associated with concomitant CABG
on current admission as seen in the risk-adjustment model for
MVR (Appendix B).
From 1994/95 to 1999/2000, both the observed and riskadjusted in-hospital mortality by year remained stable
(Table 5). When reporting risk-adjusted in-hospital mortality
rates by province, significant interprovincial variation was
noted (Table 6). In particular, when compared with the overall
Canadian rate of in-hospital mortality after MVR of 5.7%
(excluding Quebec), the province of Newfoundland had a significantly higher risk-adjusted in-hospital mortality rate at
13.0% (95% CI 7.9% to 18.1%). On the other hand, the
province of Manitoba had a significantly lower risk-adjusted
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TABLE 4
Prevalence (%) of clinical and demographic risk variables by year in Canada for patients undergoing mitral valve
replacement, 1994/95 to 1999/2000 (excluding Quebec)
1994/95–1999/2000
(n=4865)

Variable

1994/95
(n=716)

1995/96
(n=776)

1996/97
(n=779)

1997/98
(n=820)

1998/99
(n=874)

1999/2000
(n=900)

Age (mean)

63.0

62.9

62.4

62.8

63.7

62.6

63.3

Age (median)

66.0

65.0

65.0

66.0

66.5

65.0

66.0

Female (%)

53.8

54.9

55.8

50.2

55.0

54.5

52.6

Myocardial infarction (recent) (%)

6.8

8.7

8.0

6.4

8.3

5.5

4.8

Myocardial infarction (old) (%)

6.4

6.3

7.6

5.4

7.4

7.8

3.8

27.4

25.1

25.9

28.5

26.0

29.3

29.1

Congestive heart failure (%)
Peripheral vascular disease (%)

1.7

1.4

2.2

1.8

2.0

2.0

1.1

Cerebrovascular disease (%)

5.8

5.3

4.6

5.7

5.7

6.5

6.8

Dementia (%)

0.1

0.3

0.0

0.1

0.1

0.0

0.2

Chronic pulmonary disease (%)

7.1

7.1

6.8

7.3

5.9

8.2

7.0

Rheumatologic disease (%)

1.0

0.7

0.4

0.8

0.7

1.6

1.6

Peptic ulcer disease (%)

1.1

1.4

0.4

1.7

1.0

0.7

1.2

Diabetes (%)

10.9

10.3

12.2

13.0

10.1

10.6

9.3

Diabetes with chronic complications (%)

1.1

1.0

1.0

1.3

1.0

1.1

1.0

Hemiplegia or paraplegia (%)

0.9

0.7

0.6

0.8

1.3

0.8

1.1

Renal disease (%)

2.0

1.3

2.3

2.2

2.7

2.0

1.6

Liver disease (%)

0.2

0.4

0.3

0.1

0.0

0.2

0.3

Cancer (%)

0.9

0.4

0.8

0.8

1.1

0.9

1.3

17.3

11.9

13.7

16.1

17.1

21.1

22.4

4.1

2.7

5.2

4.0

3.8

4.2

4.7

10.8

9.5

10.3

11.3

10.1

10.2

13.0

Shock (%)

2.8

2.9

3.5

3.2

2.7

2.0

2.7

Previous CABG or PCI (%)

3.2

2.1

2.2

4.1

3.5

3.7

3.6

36.3

34.9

35.2

38.8

37.8

35.1

35.9

Hypertension (%)
Active endocarditis (%)
Pulmonary hypertension (%)

Concomitant CABG on current admission (%)
Previous valve surgery (%)
Rheumatic mitral valve insufficiency and/or stenosis (%)

2.7

3.5

2.2

1.9

3.7

2.3

2.8

30.1

32.3

32.0

29.1

30.1

31.4

26.2

Rheumatic aortic valve insufficiency and/or stenosis (%)

0.2

0.1

0.1

0.1

0.4

0.2

0.1

Tricuspid valve insufficiency and/or stenosis (%)

3.1

2.8

3.7

2.8

3.3

3.6

2.7

Unstable angina (%)

5.8

4.2

6.1

8.5

7.1

6.5

2.9

CABG Coronary artery bypass grafting; PCI Percutaneous coronary intervention

in-hospital mortality rate at 2.5% (95% CI 0.2% to 4.8%).
The remaining provinces had risk-adjusted mortality rates that
did not differ significantly from the overall Canadian rate. The
province of Quebec was analyzed separately from the other
provinces because differences in data availability (ie, lack of
diagnosis-type indicators) did not allow us to risk-adjust the
outcomes beyond age and sex. The observed in-hospital mortality rate in Quebec was 8.0%, while the age- and sex-adjusted
in-hospital mortality rate was 8.5% (95% CI 7.3% to 9.7%).
This was significantly higher than the overall Canadian inhospital mortality rate after MVR of 6.3% (including Quebec).
Data validation
A comparison between in-hospital mortality rates after AVR
and MVR generated from clinical databases from Nova Scotia
and British Columbia and from administrative databases from
CIHI was carried out (Appendix E). In both provinces, mortality rates derived from clinical data were highly correlated
with those derived from administrative data for AVR (including combined AVR and CABG) and MVR (including combined MVR and CABG).

DISCUSSION
The overall Canadian in-hospital mortality rate after AVR
with or without concomitant CABG between 1994/95 and

1999/2000, excluding Quebec, was 3.7%, with an in-hospital
mortality rate after isolated AVR without CABG of 2.5% and
an in-hospital mortality rate after combined AVR and CABG
of 5.3%. Meanwhile, the overall Canadian in-hospital mortality rate after MVR with or without concomitant CABG
between 1994/95 and 1999/2000, excluding Quebec, was 5.7%
with an in-hospital mortality rate after isolated MVR of 3.1%
and an in-hospital mortality rate after combined MVR and
CABG of 10.1%. These results were comparable with those
reported by large cardiac surgery registries from New York
State (isolated AVR 3.3%, combined AVR and CABG 7.1%,
isolated MVR 6.2%, combined MVR and CABG 12.8%) (10),
the Northern New England Cardiovascular Disease Study
Group (AVR with or without concomitant CABG 5.3%,
MVR with or without concomitant CABG 8.2%) (11), the
Society of Thoracic Surgeons (isolated AVR 4.0%, combined
AVR and CABG 6.8%, isolated MVR 6.0%, combined MVR
and CABG 13.3%) (12) and the European Heart Survey (isolated AVR 2.7%, combined AVR and CABG 4.3%, isolated
MVR 1.7%, combined MVR and CABG including MV repair
8.2%) (20).
Between 1994/95 and 1999/2000, AVR and MVR were being
performed in an increasing number of patients. During this time
period, risk-adjusted rates of in-hospital mortality following AVR
and MVR remained stable despite the increasing comorbidity
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TABLE 5
Crude and risk-adjusted in-hospital mortality rate per 100 patients undergoing mitral valve replacement by year in Canada,
1994/95 to 1999/2000, excluding Quebec
In-hospital mortality
Year

N

Observed deaths

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)

1994/95

716

47

39

6.6

5.4

6.9 (5.2–8.5)

1995/96

776

37

45

4.8

5.8

4.7 (3.2–6.3)

1996/97

779

49

45

6.3

5.8

6.2 (4.7–7.7)

1997/98

820

36

48

4.4

5.9

4.2 (2.8–5.7)

1998/99

874

47

48

5.4

5.5

5.6 (4.1–7.1)

1999/00

900

60

51

6.7

5.7

6.7 (5.2–8.1)

4865

276

276

5.7

5.7

5.7 (5.0–6.3)

1994/95–1999/2000

Data from the Canadian Institute for Health Information

TABLE 6
Crude and risk-adjusted in-hospital mortality rate per 100 patients undergoing mitral valve replacement by province in
Canada, 1994/95 to 1999/2000
In-hospital mortality
Province
Newfoundland

N

Observed deaths

Expected deaths

Crude rate

Expected rate

Risk-adjusted (95% CI)
13.0 (7.9–18.1)

94

10

4

10.6

4.3

Nova Scotia

214

14

15

6.5

7.0

5.5 (2.8–8.2)

New Brunswick

120

6

7

5.0

5.8

5.2 (1.2–9.2)

Ontario

2085

114

111

5.5

5.3

5.8 (4.9–6.8)

Quebec*

1644

132

97

8.0

5.9

8.5 (7.3–9.7)

Manitoba

295

8

18

2.7

6.1

2.5 (0.2–4.8)

Saskatchewan

250

17

13

6.8

5.2

5.8 (4.9–6.8)
6.1 (4.2–8.0)

Alberta

480

29

27

6.0

5.6

British Columbia

1327

78

80

5.9

6.0

5.5 (4.4–6.7)

Canada (excluding Quebec)

4865

276

276

5.7

5.7

5.7 (5.0–6.3)

Canada (including Quebec)

6509

408

408

6.3

6.3

6.3 (5.7–6.9)

*Rates of in-hospital mortality for the province of Quebec were age- and sex-adjusted only because of the lack of diagnosis-type indicators. Data from the Canadian
Institute for Health Information

with which patients presented for surgery over the years. The
finding of increasing patient complexity over time parallels the
findings of studies examining outcomes after CABG across
Canada (1-5), as well as studies assessing regional outcomes after
valve replacement surgery in the United States (11,21).
The reporting of in-hospital mortality rates by province
allows one to compare valve surgery outcomes across health
regions and to identify areas where in-hospital mortality rates
may either exceed or fall below the national rate. In the present
study, significant variation in valve surgery outcomes was found
between provinces. In particular, the province of Newfoundland
was found to have risk-adjusted rates of in-hospital mortality
after AVR and MVR that were significantly higher than the
national average. In addition, the province of Quebec had ageand sex-adjusted in-hospital mortality rates after AVR and
MVR that were significantly higher than the national average. On the other hand, the province of Manitoba had an
in-hospital mortality rate after MVR that was significantly
lower than the national average. In the past, when significant
interprovincial variation in CABG outcomes was reported
across Canada (3,4), subsequent evaluation demonstrated
that these differences were much less marked in the years following the publication of the prior study and that there was a
general trend to improved outcomes in all provinces (5).
While the mechanism for the improvements seen after surgical ‘report carding’ remain to be elucidated, it is plausible
that government and institutional responses to the initial
176

report, in terms of resource allocation and quality improvement initiatives, may play an important role.
Although the use of administrative databases has been previously validated with regard to the reporting of CABG outcomes in Canada (14), their use with regard to the reporting of
valve surgery outcomes has not been established. While no
clinical databases exist to permit the assessment of mortality
rates after valve surgery across Canada, the present study represents the first attempt at using administrative data to report on
nationwide valve surgery outcomes. It also represents the first
attempt at developing risk-adjustment models for AVR and
MVR based entirely on sociodemographic, comorbidity and
disease-specific variables found within administrative data.
A comparison between administrative data and clinical data
from the provinces of Nova Scotia and British Columbia indicated that administrative data were highly correlated with clinical data sources for ascertainment of outcomes (Appendix E).
Furthermore, the risk-adjustment models for AVR and MVR
outcomes (Appendix A and Appendix B) were well calibrated
and demonstrated excellent discrimination across all deciles of
risk (Appendix C and Appendix D), a finding that indicates that
we have been able to successfully extract clinical information
from administrative data that documents severity of illness and
permits prediction of event rates and corresponding risk adjustment.
The above strengths are balanced by some study limitations. To begin with, although the risk-adjustment models
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demonstrate strong discrimination, the use of administrative
data in place of detailed clinical data results in the omission of
clinically relevant variables from the risk-adjustment models
such as preoperative intra-aortic balloon pump insertion and
left ventricular ejection fraction. Also, it is important to note
that the province of Quebec was excluded from the riskadjustment analysis due to the absence of diagnosis-type indicators in that province. Therefore, we were limited to
providing only age- and sex-adjusted in-hospital mortality
rates after AVR and MVR for the province of Quebec and were
unable to determine whether fully risk-adjusted results would
have altered the high mortality rates observed in Quebec relative to the overall Canadian mortality rate. Furthermore, it has
been reported that the province of Newfoundland has among
the lowest provincial rates of reporting of diagnoses per inpatient case in the general CIHI discharge abstract database
(22). The likely under-reporting of comorbidities for valve
patients may not accurately reflect the known excess of cardiovascular risk factors and cardiovascular disease-related mortality in the province of Newfoundland (23,24). Thus,
risk-adjusted outcomes in these patients would potentially
underestimate their comorbidity burden and report misleadingly low expected mortality rates. We did, however, perform a
sensitivity analysis in which we assigned Newfoundland the
highest expected mortality rate among Canadian provinces
(an assignment that assumes the highest average severity of illness in the country). The results of this analysis demonstrated
that the Newfoundland mortality rates remained the highest
across Canada for both AVR and MVR. However, it is important to note that they were no longer statistical outliers.
Finally, traditional risk-adjustment strategies adjust for
patient-to-patient differences in comorbidity burden and illness severity. The risk adjustment models for AVR and MVR
used in this study were created using data from all provinces
(except Quebec) and as such, may not necessarily reflect
province-specific differences in patient referral patterns,
health care resource allocation and surgical volume. For example, in the present issue of The Canadian Journal of Cardiology,
we report that the province of Newfoundland had the lowest
rates of valve surgery use across Canada between 1994/95 and
1999/2000 (pages 149-154 [25]). This may reflect differences
in referral patterns, surgical wait times, or access to care
between Newfoundland and the rest of Canada. In fact, it has
been reported that patients waiting for CABG surgery in
Newfoundland experienced considerably prolonged wait times
(26,27), compelling the Department of Health and Community
Services in the province of Newfoundland to arrange for elective cardiac surgery patients to be transferred out of province for
more timely surgery (28). Unfortunately, data describing these
regional differences are not yet available across Canada and
hence could not be accounted for in the risk-adjustment strategy used in the present study. All of these limitations emphasize the need for a detailed Canada-wide clinical cardiac surgery
registry that would provide accurate, fully risk-adjusted procedure outcomes for all provinces and centres.

CONCLUSION
Risk-adjusted in-hospital mortality rates following AVR and
MVR remained stable between 1994/95 and 1999/2000. When
provincial mortality rates were compared, significant interprovincial variation was noted. These results represent the first
use of administrative data to examine risk-adjusted valve surgery

outcomes across Canada. We anticipate that these results will
provide an impetus for quality improvement initiatives
throughout Canada and a starting point from which to evaluate their impact on future outcome trends.
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APPENDIX A
Risk-adjustment models for aortic valve replacement
Variable

β-coefficient

Odds ratio
(95% CI)

Age 20 – 64 years

Reference

Age 65 – 74 years

0.52

Age 75+ years

0.86

2.35 (1.76–3.15)

Female sex

0.47

1.59 (1.29–1.97)

Myocardial infarction (recent)
Myocardial infarction (old)

1.68 (1.26–2.23)

0.76

2.15 (1.47–3.13)

–0.01

0.99 (0.62–1.58)

Congestive heart failure

0.57

1.77 (1.41–2.21)

Peripheral vascular disease

0.86

2.36 (1.64–3.39)

Cerebrovascular disease

0.24

1.27 (0.85–1.89)

Chronic pulmonary disease

0.00

1.00 (0.71–1.41)

–0.17

0.84 (0.26–2.71)

Rheumatologic disease
Peptic ulcer disease

0.56

1.75 (0.79–3.88)

Diabetes

0.07

1.08 (0.81–1.44)

Diabetes with chronic complications

–0.58

0.56 (0.17–1.87)

Hemiplegia or paraplegia

0.67

1.96 (0.72–5.31)

Renal disease

1.12

3.05 (1.91–4.87)

Liver disease

2.48

11.97 (6.09–23.50)

Cancer
Hypertension

0.79

2.21 (1.23–3.94)

–0.36

0.70 (0.55–0.90)

Active endocarditis

0.36

1.43 (0.77–2.66)

Pulmonary hypertension

0.17

1.19 (0.70–2.03)

1.85

6.36 (3.39–11.91)

Shock
Previous CABG or PCI
Concomitant CABG on current admission
Previous valve surgery

–0.14

0.87 (0.46–1.66)

0.66

1.93 (1.55–2.41)

0.89

2.42 (1.31–4.51)

Rheumatic mitral valve insufficiency
and/or stenosis

–0.17

0.84 (0.11–6.73)

Rheumatic aortic valve insufficiency
and/or stenosis

–0.43

0.65 (0.35–1.21)

Tricuspid valve insufficiency and/or stenosis

0.54

1.72 (0.82–3.62)

Unstable angina

0.17

1.19 (0.84–1.68)

c-statistic=0.736. CABG Coronary artery bypass grafting; PCI Percutaneous
coronary intervention
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APPENDIX B
Risk-adjustment model for mitral valve replacement
β-coefficient

Variable
Age 20 – 64 years

Reference

Age 65 – 74 years

0.57

Age 75+ years

0.99

Odds ratio
(95% CI)

APPENDIX D
Deciles of risk for the Hosmer-Lemeshow test for the
mitral valve replacement risk-adjustment model
Mortality = 1
Observed
Expected

Mortality = 0
Observed
Expected

Group

Total

1.76 (1.28–2.43)

1

487

1

4.91

486

2.68 (1.87–3.85)

2

560

8

7.87

552

552.13

491

10

8.99

481

482.01

482.09

Female sex

0.06

1.06 (0.81–1.40)

3

Myocardial infarction (recent)

0.44

1.55 (1.04–2.31)

4

486

9

11.80

477

474.20

–0.39

0.67 (0.40–1.14)

5

484

15

14.51

469

469.49

0.50

1.65 (1.26–2.16)

6

489

18

19.00

471

470.00

0.80 (0.33–1.94)

7

482

22

24.52

460

457.48

1.71 (1.07–2.72)

8

487

46

32.74

441

454.26

1.37 (0.87–2.15)

9

489

46

47.63

443

441.37

410

101

103.94

309

306.06

Myocardial infarction (old)
Congestive heart failure
Peripheral vascular disease

–0.22

Cerebrovascular disease

0.53

Chronic pulmonary disease

0.32

Rheumatologic disease

–0.03

0.97 (0.26–3.65)

10

Peptic ulcer disease

–1.18

0.31 (0.06–1.47)

Test statistic p-value > 0.25

0.32

1.37 (0.95–1.98)

Diabetes
Diabetes with chronic complications
Hemiplegia or paraplegia
Renal disease

0.44

1.55 (0.66–3.65)

–0.48

0.62 (0.18–2.09)

1.04

2.84 (1.59–5.08)

Liver disease

1.53

4.60 (1.02–20.71)

Cancer

0.41

1.51 (0.53–4.35)

Hypertension

0.08

1.09 (0.78–1.51)

Active endocarditis

0.90

2.46 (1.43–4.23)

Pulmonary hypertension

0.17

1.19 (0.78–1.81)

Shock

1.92

6.81 (4.35–10.67)

Previous CABG or PCI
Concomitant CABG on current admission
Previous valve surgery
Rheumatic mitral valve insufficiency

–0.19

0.83 (0.39–1.74)

0.79

2.20 (1.61–3.01)

1.00

2.71 (1.40–5.25)

–0.35

0.70 (0.49–1.02)

APPENDIX E
Comparison between Canadian Institute for Health
Information (CIHI) database and Maritime Heart Centre
(MHC) and British Columbia Cardiac Registry (BCCR)
databases between 1996/97 and 1999/2000
Number

AVR
Deaths

CIHI

458

13

2.8

136

8

5.9

MHC

460

11

2.4

142

10

7.0

%

Number

MVR
Deaths

%

CIHI

1576

59

3.7

949

53

5.6

BCCR

1541

61

4.0

931

54

5.8

and/or stenosis
Rheumatic aortic valve insufficiency and/or stenosis
Tricuspid valve insufficiency

0.33

1.40 (0.71–2.76)

0.23

1.32 (0.86–2.03)

and/or stenosis
Unstable angina

c-statistic=0.786. CABG Coronary artery bypass grafting; PCI Percutaneous
coronary intervention

APPENDIX C
Deciles of risk for the Hosmer-Lemeshow test for the
aortic valve replacement risk-adjustment model
Mortality = 1
Observed
Expected

Mortality = 0
Observed
Expected

Group

Total

1

1468

7

13.51

1461

1454.49

2

1235

18

16.62

1217

1218.38

3

1141

26

19.41

1115

1121.59

4

1269

21

26.79

1248

1242.21

5

1146

28

30.01

1118

1115.99

6

1143

43

36.06

1100

1106.94

7

1003

32

37.96

971

965.04

8

1137

51

53.05

1086

1083.95

9

1145

82

76.10

1063

1068.90

10

740

118

116.20

622

623.80

Test statistic p-value > 0.27
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CA Jackevicius, K Tu, WA Filate, SE Brien, JV Tu. Trends in
cardiovascular drug utilization and drug expenditures in
Canada between 1996 and 2001. Originally published in Can J
Cardiol 2003;19(12):1359-1366.

Médicaments à action cardiovascularaire et
dépenses en médicaments : Tendances au
Canada entre 1996 et 2001

BACKGROUND: There is increasing interest in studying trends in
drug utilization because drug costs are the fastest growing sector of the
health care system.
OBJECTIVES: To focus on the trends in the utilization of and
expenditures for cardiovascular drugs in Canada by drug class and by
province over a six-year period.
METHODS: Data from the IMS Health Canada CompuScript Audit
database were used for this study from the period of February 1996 to
January 2002. Patterns of drug utilization and expenditures in Canada
were described for cardiovascular drug classes, individual agents within
classes and by provincial analyses.
RESULTS: Substantial increases in both the utilization of and the
expenditures for cardiovascular medications have occurred in Canada
over the last six years. Newer medication classes such as angiotensin
converting enzyme inhibitors and statins now comprise the majority
of cardiovascular drugs prescribed, along with continued high use of
diuretics. Increases in some drug classes, such as angiotensin converting enzyme inhibitors, statins and beta-blockers, appear to be based
on trial evidence or guidelines. However, marketing may play a larger
role in the increases in use of angiotensin receptor blockers and specific drugs, such as amlodipine besylate and atorvastatin, because
their increased utilization cannot be explained by major clinical trial
evidence and/or practice guidelines.
CONCLUSIONS: Changes in patterns of cardiovascular drug utilization and expenditures in Canada may be associated with clinical
trial evidence, clinical practice guidelines, policy changes and/or
marketing initiatives.

Key words: Drug utilization; Heart disease; Medication; Practice
pattern

CONTEXTE : L’étude des tendances quant à l’utilisation des médicaments suscite de plus en plus d’intérêt étant donné que le coût des
médicaments est le secteur du système de soins de santé qui connaît la
plus forte croissance.
OBJECTIF : Étudier les tendances en ce qui concerne l’utilisation des
médicaments à action cardiovasculaire au Canada et les dépenses qui y sont
liées selon la classe de médicaments, par province, sur une période de six ans.
MÉTHODE : Pour ce faire, nous avons eu accès à la base de données
d’IMS Health Canada CompuScript Audit pour la période de février 1996
à janvier 2002. Les données sur l’utilisation des médicaments au Canada
et les dépenses liées à leur achat étaient divisées par classe de médicaments à action cardiovasculaire, par médicament et par province.
RÉSULTATS : Nous avons relevé une augmentation importante et de
l’utilisation des médicaments à action cardiovasculaire et des dépenses en
la matière au Canada au cours des six dernières années. Les nouvelles
classes de médicaments comme les inhibiteurs de l’enzyme de conversion
de l’angiotensine (ECA) et les statines constituent maintenant la
majorité des médicaments à action cardiovasculaire prescrits, auxquelles
s’ajoutent les diurétiques dont l’utilisation reste élevée. Les augmentations dans certaines classes de médicaments, par exemple les inhibiteurs
de l’ECA, les statines et les bêta-bloquants, semblent liées à des résultats
d’essais cliniques et à des lignes directrices. Toutefois, la commercialisation
pourrait jouer un rôle plus important dans l’augmentation de l’utilisation
des antagonistes des récepteurs de l’angiotensine et de certains médicaments comme l’amlodipine, le bésylate et l’atorvastatine étant donné que
l’accroissement de la demande ne s’explique pas par des résultats d’essais
cliniques importants ou des lignes directrices en matière de pratique.
CONCLUSION : Les nouvelles tendances en ce qui concerne l’utilisation des médicaments à action cardiovasculaire au Canada et aux dépenses
qui y sont liées peuvent être attribuables à des résultats d’essais cliniques,
à des lignes directrices en matière de pratique, à des changements de politique ou encore à des initiatives de commercialisation.

ardiovascular disease (CVD) remains the leading cause of
premature death and disability in Canada in men and
women, representing a major societal and population burden
(1). Primary and especially secondary prevention of CVD
with medications have been emphasized in Canadian practice guidelines to prevent future adverse cardiac events and

mortality. Several clinical trials that have been published in
the last six years provide strong evidence to support the routine
use of several classes of prescription drugs. Recent evidence from
the Long-term Intervention with Pravastatin in Ischaemic
Disease (LIPID) trial, published in 1998 (2), and the Heart
Protection Study, published in 2002 (3), provides additional
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strong support for the use of statins in a wide variety of patients
with CVD. Substantial clinical evidence has accumulated now
to support the use of beta-blockers in congestive heart failure
patients with the publication of the Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Failure
(MERIT-HF) (4), the Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS) study (5), the Cardiac
Insufficiency Bisoprolol Study II (CIBIS-II) (6) and the
carvedilol trials (7). The publication of the Heart Outcomes
Prevention Evaluation (HOPE) trial (8), which used ramipril
for the prevention of cardiac events in high-risk patients,
expanded the potential use of angiotensin converting enzyme
inhibitors (ACEIs) to a very broad population, in contrast to
previous disease-specific evidence in acute myocardial infarction (AMI), diabetic nephropathy, nondiabetic renal disease,
hypertension and congestive heart failure (8-10).
Several Canadian and American cardiovascular guidelines
have also been published in the last six years, which may
impact cardiovascular drug use in Canada. Guidelines for AMI
support the chronic use of acetylsalicylic acid, beta-blockers,
ACEIs and statins (11,12). Guidelines for congestive heart
failure recommend routine use of ACEIs and beta-blockers,
and in those with severe heart failure, spironolactone and/or
digoxin (13,14). Hypertension guidelines, which traditionally
recommended relatively cheaper diuretics and beta-blockers as
first-line therapies, have more recently revised their recommendations, based on recent trials, to include more expensive
ACEIs and calcium antagonists as possible first-line agents
(15,16). There is also an increasing trend for recommending
combination therapy if there is only a partial response to
monotherapy, compared with previous recommendations of
switching to alternative monotherapy if the initial treatment
was only partially effective (15). Guidelines for the management of dyslipidemia have specifically recommended the use of
statins for many groups of patients at high and very high risk of
heart disease, even without elevated lipid levels (17,18).
Another factor that may impact cardiovascular drug use in
Canada is the change in the population over time. From 1996
to 2001, the median age of Canadians increased by 2.3 years,
from 35.3 years to 37.6 years, reaching an all-time high. This
increasing age is due to the decline in the birth rate, the ageing
population, and particularly, the ageing of the baby boomer segment of the population. Between 1991 and 2001, the population
aged 45 to 64 years increased by 36%, due to the baby boomers
entering into this age group. With this large segment of the population ageing, an increase in the use of cardiovascular drugs is
likely as this group develops heart disease (19).
The objective of the present study is to focus on the trends
in the utilization of and expenditures for cardiovascular drugs
in Canada by drug class, province, and in relation to the
changes in new clinical trial evidence and guideline information over a six-year period. This information is not diseasespecific, but reflects overall rates and illustrates trends in
changes over time in utilization of drug classes and individual
drugs in the treatment of cardiovascular disease.

METHODS
Data sources
Data from the IMS Health Canadian database were used for this
study. IMS Health Canada’s CompuScript Audit database (IMS
Health Canada, Canada) is a source of prescription data
obtained by measuring, through an audit, the number and value

of prescriptions dispensed by retail pharmacies throughout
Canada.
The target population comprises close to 6800 retail outlets
(pharmacies) across Canada. The sampling design used is stratification. The retail outlet population is stratified by province, type
of outlet (independent or affiliated with a chain) and size (small or
large). Sample stores are selected from over 4400 reporting stores
by applying a variety of criteria regarding such characteristics as
prescription type and volume, consistency of reporting and payment type. This represents about two-thirds of all retail pharmacies in Canada. Data for the audit are collected monthly by
electronic means from the sample comprising approximately 2800
drug stores distributed proportionally within each strata. An additional control is conducted to ensure good representation from the
various chains of stores. After passing through various quality control checks, the sample data are projected to the universe in each
province and provincial totals are summed to provide a national
estimate. Maximum overlap between the waves is maintained to
ensure increased reliability of the projected trends from one period
to another. The estimator used is the Horvitz-Thompson estimator.
The data collected can be used to ascertain prescription volume by product (or class) and the market share for trending purposes, providing a measure of product utilization. Also available is
the cost of the prescription as dispensed (including all mark-ups
and the pharmacist’s professional fee). IMS Health Canada has
drug utilization data for a 72-month period. This study included
data from the period of February 1996 to January 2002. IMS
Health Canada does not measure population-wide, patient-specific
data. However, measuring a large sample of pharmacies and
extrapolating the data to the overall population generates estimates of drug utilization in each province.

Statistical analysis
Descriptive statistics were used to report on the data for cardiovascular drug utilization. The utilization of cardiovascular drug
classes described include beta-blockers, calcium antagonists,
statins, ACEIs, angiotensin receptor blockers (ARBs), diuretics,
nitroglycerin and oral anticoagulants. For each class of drugs, the
trends are described by number of prescriptions and total cost of prescription claims (as extrapolated to the total population). The utilization of drugs was summarized nationally and for each province
by month and year (1996 to 2001). National monthly utilization
data, by province and by agent within each class were used to generate figures illustrating the changes in the trends for each drug class
over the six-year study period. Absolute changes in drug utilization
and expenditures were assessed, as well as the relative per cent
changes in these parameters. For combination products of betablockers, ACEIs or ARBs with diuretics, these products were
included in the total numbers for the single entity drug product.

RESULTS
The national pattern of cardiovascular drug utilization is
shown in Figure 1 and trends in drug expenditures in Figure 2.
Figure 1 shows that utilization of all cardiovascular drug classes
is increasing, with the exception of nitroglycerin, for which
utilization remains flat. The top three prescribed cardiovascular drugs in Canada are diuretics, ACEIs and statins, with the
largest increase in usage seen with statins over the time period
of the study. Figures 2 and 3 show increasing expenditures for
cardiovascular drugs over time, with substantial increases in
the expenditures for statins, ACEIs and ARBs. The remaining drug classes show stable expenditures, including classes of
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Figure 1) Yearly national number of prescriptions by drug type from
1996 to 2001. Data from IMS Health Canada. Each bar represents the
total number of prescriptions of the particular drug type in a year
(February 1 to January 31; 1996-2001). ACEI Angiotensin-converting
enzyme inhibitor; ANTICOAG Anticoagulants; ARB Angiotensin
receptor blocker; BETA Beta-blocker; CA Calcium antagonist; DIUR
Diuretic; NITRO Nitroglycerin; SLNTG Sublingual nitroglycerin
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Figure 2) Yearly national drug prescription costs by drug type from
1996 to 2001. Data from IMS Health Canada. Each bar represents
the total number of prescriptions of the particular drug type in a year
(February 1 to January 31; 1996-2001). ACEI Angiotensin-converting
enzyme inhibitor; ANTICOAG Anticoagulants; ARB Angiotensin
receptor blocker; BETA Beta-blocker; CA Calcium antagonist; DIUR
Diuretic; NITRO Nitroglycerin; SLNTG Sublingual nitroglycerin

relatively high utilization but relatively low cost medications,
such as diuretics and beta-blockers. While the calcium antagonists are the fifth highest drug class by utilization, they are the
third highest drug class by cost. The total cardiovascular drug
expenditure in Canada has more than doubled over the sixyear study period.
Table 1 shows the utilization of drug classes per 100,000
population per year by province. When adjusted by population, utilization of several drug classes is highest in the
province of Quebec. Diuretics remain the most commonly
used cardiovascular drugs in each individual province, with the
exception of Newfoundland and Labrador and Prince Edward
Island, where ACEIs slightly surpass the utilization rate of
diuretics. In most provinces, ACEIs are the second most commonly used cardiovascular drugs, with beta-blockers as the
third most frequently used agent. In a few provinces, this order
is reversed. Of note, calcium antagonists are the third most
commonly used cardiovascular drug in Quebec, Ontario and
182

Figure 3) Total national drug expenditures in Canada by year, from
1996 to 2001. Data from IMS Health Canada

Manitoba. A gradient appears to exist for many drugs, with
higher utilization in Eastern Canada.
Table 1 also shows the drug utilization ratio for each drug
class between the province with the highest number of prescriptions and the province with the lowest number of prescriptions. This ratio is as high as 5.41 for the newer drug class
of ARBs, and as low as 2.13 and 2.21 for more established drugs
such as anticoagulants and sublingual nitroglycerin (SLNTG),
respectively.
Table 2 shows the cardiovascular drug expenditures per
100,000 population per year by province. Similar to utilization, the drug expenditures are higher per population in
Quebec than in the other provinces. However, the specific
drug classes that comprise the highest costs are different than
the most frequently used cardiovascular drugs. ACEIs, statins
and calcium antagonists make up the top three cardiovascular
drugs by cost for all of the provinces.
Utilization within each cardiovascular drug class was determined to detect trends in utilization of the specific agents. In
general, the utilization patterns are consistent with the patterns
for expenditures of the drugs. Data on the utilization patterns
are presented in the following section.
Figure 4 demonstrates the changes in the absolute per cent
increase of the individual agents within the ARB class.
Losartan remains the most commonly utilized ARB, followed
closely by irbesartan. However, it is the newer agents, irbesartan, candesartan cilexetil and valsartan, that have the highest
relative increase in utilization rates, while relative utilization
increases in losartan potassium have not been as high since
December 1998.
ACEI utilization patterns are illustrated in Figure 5, where
there were large absolute increases in the rates of utilization of
ramipril, as compared with the other agents within the class,
with a decline in the utilization of enalapril maleate. The newer
agents, such as cilazapril and quinapril, had the largest relative
per cent increases in utilization (data not shown), representing
growth in the use of these new agents.
Figure 6 shows the changes in statin use over the study period.
It was found that the increase in the absolute use of atorvastatin
dwarfs the smaller increases in the utilization of simvastatin and
pravastatin sodium. Of note, there was a continual increase in
the use of cerivastatin from April 1998 until August 2001, when
it was abruptly withdrawn from the market due to the increased
risk of rhabdomyolysis. There was also a continued decline in the
use of the first available statin, lovastatin.
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TABLE 1
Average number of cardiovascular drug prescriptions per 100,000 population* per year by province, from 1996 to 2001
Drug class
Province

Anticoag

NITRO

SLNTG

BETA

CA

ACEI

ARB

DIUR

NL/PEI

5398

8655

3051

41,401

29,707

55,751

3186

55,053

STATIN
19,847

Nova Scotia

5196

9213

3032

39,749

29,578

36,949

6284

47,358

21,298

New Brunswick

5627

8915

2450

33,461

28,946

33,459

2620

42,178

21,112

Quebec

9343

8536

3290

45,126

44,722

44,141

13,139

61,986

42,585

Ontario

4850

3470

2977

20,654

20,739

25,899

3437

29,329

17,402

Manitoba

5484

4899

2768

20,961

21,280

31,360

6466

35,777

16,837

Saskatchewan

9158

5517

2141

28,284

27,363

43,628

8329

64,898

16,995

Alberta

5304

3246

1488

14,259

13,884

21,815

5048

25,860

11,614

British Columbia

4383

3157

1801

14,762

12,691

19,864

2428

23,584

10,883

Ratio highest/lowest†

2.13

2.92

2.21

3.16

3.52

2.81

5.41

2.75

3.91

†Ratio

Data from IMS Health Canada. *Population data from 2001 Statistics Canada Census (19).
highest/lowest is the ratio of drug class utilization between the
provinces with the highest number of prescriptions and the province with the lowest number of prescriptions. ACEI Angiotensin-converting enzyme inhibitor;
Anticoag Anticoagulants; ARB Angiotensin receptor blocker; Beta Beta-blocker; CA Calcium antagonist; Diur Diuretic; Nitro Nitroglycerin; NL Newfoundland and
Labrador; PEI Prince Edward Island; SLNTG Sublingual nitroglycerin

TABLE 2
Average cost of cardiovascular drug prescriptions per 100,000 population* per year by province, from 1996 to 2001
Drug class
Anticoag
(CND$)

Province

NITRO
(CND$)

SLNTG
(CND$)

BETA
(CND$)

CA
(CND$)

ACEI
(CND$)

ARB
(CND$)

DIUR
(CND$)

STATIN
(CND$)

NL/PEI

159,696

311,954

47,534

1,031,535

1,668,410

2,643,852

182,020

586,177

1,577,853

Nova Scotia

173,548

345,004

59,895

1,279,546

2,119,290

2,226,540

431,599

568,162

2,250,880

New Brunswick

182,242

355,433

52,109

1,045,867

1,965,677

2,009,004

175,788

480,003

2,155,446

Quebec

170,822

253,028

58,985

964,085

2,035,359

1,623,565

564,635

602,273

2,766,204

Ontario

144,378

148,894

55,535

731,362

1,860,122

1,947,976

298,523

366,163

2,370,654

Manitoba

143,991

161,532

34,397

563,985

1,236,566

1,594,448

369,782

354,906

1,509,287

Saskatchewan

231,646

164,383

38,967

605,067

1,375,899

1,841,794

408,783

617,306

1,171,891

Alberta

166,105

127,492

29,965

491,803

1,141,664

1,477,346

403,766

349,208

1,420,730

British Columbia

164,322

146,519

36,172

567,827

1,108,289

1,459,680

216,296

250,958

1,529,174

Data from IMS Health Canada. *Population data from 2001 Statistics Canada Census (19). ACEI Angiotensin-converting enzyme inhibitor; Anticoag Anticoagulants;
ARB Angiotensin receptor blocker; Beta Beta-blocker; CA Calcium antagonist; Diur Diuretic; Nitro Nitroglycerin; NL Newfoundland and Labrador; PEI Prince Edward
Island; SLNTG Sublingual nitroglycerin
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Canada, from 1996 to 2001. Data from IMS Health Canada. Note:
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2001. Data from IMS Health Canada
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Figure 7) Change in beta blocker prescriptions in Canada, from 1996
to 2001. Data from IMS Health Canada. Note: Data from esmolol are
not shown as it is delivered intravenously; data for oxprenolol are not
shown as it was removed from the Canadian pharmaceutical market
1999-08-04; data for labetolol, pindolol and timolol are not shown as
they have very low use

Figure 7 illustrates the absolute changes in beta-blocker
utilization over time, with atenolol and metoprolol tartrate
showing, by far, the largest market share and the largest continual increases in utilization rates. The newer beta-blockers,
those prescribed mainly for use in heart failure (carvedilol and
bisoprolol fumarate), have the largest relative increases in use
over time but comprise very little of the overall market share.
Figure 8 illustrates the changes in utilization patterns of calcium antagonists. Amlodipine mesylate utilization was substantially increased during the study period and there were
slight decreases in the utilization of nifedipine and diltiazem
hydrochloride.

DISCUSSION
The present study shows that utilization and expenditures of
cardiovascular drugs in Canada have steadily increased over
the six-year period. The major increases in utilization and
expenditures have been with the newer drug classes: the
184

Figure 8) Change in calcium antagonists prescriptions in Canada,
from 1996 to 2001. Data from IMS Health Canada. Note: Data from
niodipine are not shown as it has limited use for subarrachnoid hemorrhage; data for incardipine are not shown as the drug was removed from
the Canadian pharmaceutical market on July 19, 2001

ACEIs and the statins. However, the most frequently used cardiovascular drug class in Canada remains the diuretics. There
has been no significant decrease in utilization of any cardiovascular drug class. Therefore, there is an absolute increase in
the overall utilization of cardiovascular drugs in Canada. This
increase translates into a more than doubling of the total
expenditure for cardiovascular drugs in the country from 1996
to 2001 alone. Many of these medications improve outcomes
and may temporarily decrease resource utilization in other sectors of the healthcare system, such as hospital admissions.
Increases of these particular medications known to have these
benefits may be seen as an advance in the healthcare of
Canadians. However, this rapid increase in drug utilization,
particularly of those drugs not known to improve outcomes, is
probably not sustainable for drug plans and solutions need to
be found to manage these drug utilization increases.
There are several plausible reasons for the increase in drug
utilization over this time period. Many new clinical trials
have provided evidence, supported in recent clinical practice
guidelines, in support of the use of diuretics, statins, ACEIs, betablockers and calcium antagonists in cardiac patients (2-18). In
addition, due to the ageing population, there may be more candidates for cardiovascular drug use as more of the population of
Canada may develop, or be at risk for developing, heart disease
(hypertension, dyslipidemia and diabetes) (19). Of note,
although utilization of calcium antagonists is the fifth highest
medication class, its expenditures are the third highest of the
classes. Therefore, on a unit basis, calcium antagonists are relatively more expensive than the other new medication classes.
Provincially, some similar patterns of both utilization and
expenditure for the different drug classes exist; however, there
are significant provincial variations in the top three cardiovascular medications used and their subsequent costs.
A large gradient in the magnitude of utilization and costs of
cardiovascular drugs across the country was demonstrated. The
ratio of the province with the highest use of the particular drug
class to the province with the lowest use is as high as five for drugs
such as ARBs, a class perhaps where evidence is less certain
(Table 1). Ratios of utilization are lowest for classes such as
anticoagulants and SLNTGs, drugs for which there is little
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controversy about their use. However, there remains a large
gradient between provinces in the magnitude of utilization,
regardless of whether evidence-based cardiovascular drugs are
being examined or not. The east-to-west gradient of drug utilization and costs may relate to the prevalence and burden of
cardiac disease across the country. In previous Canadian Journal
of Cardiology CCORT Atlas Papers, it was shown that hospitalization rates, risk factors and cardiovascular death rates from
cardiovascular disease also follow an east-west gradient, being
the highest in Newfoundland and Labrador and lowest in
British Columbia (20-22). The parallel effect in cardiovascular
drug use may very well be appropriate given the varying burden
of heart disease across the country.
It is possible that some of the provincial differences reflect
variations in drug reimbursement policies. In general, there is
little difference between provinces with respect to the patients
and medications covered in drug reimbursement policies.
However, some differences do exist. One notable exception is
with ARBs. Ontario and British Columbia require special procedures for access to ARBs, whereas these agents are included
in general benefits in Quebec. These policies are mirrored in
the rates of ARB use adjusted per population, with the highest use in Quebec and the lowest use in British Columbia
and Ontario. In addition, the Reference Drug Program in
British Columbia for ACEIs, calcium antagonists and
nitrates (ie, SLNTG and nitroglycerin) may relate to British
Columbia having the lowest rates of use of each for these drug
classes compared with the other provinces. Since British
Columbia has the lowest drug use in all drug categories, these
policies only partially explain the differences. Other reasons for
these interprovincial variations warrant further investigation.
The absolute use of ARBs is relatively low compared with
other classes of agents. However, the sharp incline in the rate
of use of ARBs since their introduction in 1996 is quite dramatic. This significant change in the market share of the ARB
class is of particular interest because the only major studies to
be published during this period were the Losartan Heart
Failure Survival Study (ELITE II) (2000) (23) and the
Valsartan Heart Failure Trial (Val-HeFT) (2001) (24), which
demonstrated that ARBs were not superior in reducing mortality compared with ACEIs for the treatment of heart failure.
While more recent evidence has been published about the
renal protective effect of some ARBs, this was after the present
study period (25). Clinical practice guidelines also did not
emphasize the use of ARBs during this period, leaving this
class as a second-line agent to ACEIs for heart failure and as a
third-line agent for hypertension (13,15). Therefore, the substantial increase in the use of this class of medications demonstrated in the present study was not likely influenced by clinical
trial evidence or guidelines, and most probably was secondary to
marketing initiatives, and possibly, better tolerability of this class
of medications compared with ACEIs for heart failure (23).
It is not surprising that ramipril had the largest increase in
the market share in the ACEI class and is the ACEI with the
greatest utilization, given the trial evidence in both post-AMI
patients (Acute Infarction Ramipril Efficacy [AIRE], 1993) (26)
and in general cardiovascular protection (HOPE, 2000) (8).
However, there was a sharp increase in ramipril utilization starting from November 1999 when it was presented at the
American Heart Association meeting in Atlanta (27). Details of
the impact of the HOPE trial on ACEI prescribing in Ontario
have been published elsewhere (28).

The present study found that atorvastatin is the statin with
the largest market share and the greatest increase in drug utilization rates. Although it is the most potent statin for lowering total cholesterol, low-density lipoproteins and
triglycerides, as described in the Comparative Study of HMGCoA Reductase Inhibitor, Atorvastatin, Versus Equivalent
Dose Strengths of Statins (CURVES) (1998) (29), it was not
until the Myocardial Ischemia Reduction with Acute
Cholesterol Lowering (MIRACL) trial was published in 2001
(30) that any clinical trial outcome data existed for atorvastatin. Yet, there was a striking increase in utilization apparent
from its introduction to the market in April 1997. This
increase in use and large market share for atorvastatin is in
spite of the fact that simvastatin and pravastatin sodium have
demonstrated mortality benefits from large clinical trials, and
that pravastatin sodium is relatively less expensive than atorvastatin (2,3,31,32). The impact of the CURVES trial regarding lipid lowering potential, or the marketing efforts for this
agent likely influenced its significant impact on utilization and
market share within the statin medication class. Previous studies
have illustrated the impact of the Scandanavian Simvastatin
Survival Study (4S) on the utilization of statins in high-risk
patients (33).
While clinical practice guidelines for hypertension and
post-AMI continue to promote the use of beta-blockers, the
major changes in beta-blocker evidence results from those trials
conducted recently (1996 to 2001) in heart failure patients
(MERIT, COPERNICUS, CIBIS-II and US carvedilol trials)
(4-7). While it was found that the most commonly prescribed
agents have remained atenolol and metoprolol tartrate, it is
the newest agents, proven beneficial for heart failure, that had
the largest relative increases in use. The increases in carvedilol
use are apparent from November 1996 onward, and those for
bisoprolol, from February 2001, both of which coincide with
the publication of supportive clinical trial evidence for their
use in heart failure.
Use of the calcium antagonist amlodipine besylate substantially increased over the study period. This is despite a paucity
of clinical trial outcome data for this agent within the class or
compared with other cardiovascular medication classes.
Amlodipine besylate was studied for heart failure in the
Prospective Randomized Amlodipine Survival Evaluation
(PRAISE) 1 (published in 1996) (34) and PRAISE 2 (presented
in 2000) (35) studies, and while results of PRAISE 1 appeared
promising in a select group with nonischemic cardiomyopathy,
the PRAISE 2 trial found no benefit. While long-acting calcium
antagonists are now recommended as first-line agents for isolated
systolic hypertension and no specific agent is recommended, the
clinical trials on which this recommendation is based were not
conducted with amlodipine besylate but were based on the
Sys-Eur and Sys-China studies with nitrendipine and nifedipine
(36,37). So concrete reasons for the substantial increase in the
use of amlodipine besylate remain elusive, and the increase may
simply be the result of strong marketing initiatives.
It is important to note that many medications, such as
ACEIs for congestive heart failure and statins for coronary
heart disease, are still underutilized despite the large increase
in utilization found in the present study (33). Focusing on
using prescribed feedback systems to increase the use of evidence-based medications over those without evidence of benefit must take precedence so that patient outcomes and
population health are improved.
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INTERPRETIVE CAUTIONS
IMS Health Canada uses data collected from audits of prescriptions across Canada to describe general trends in drug utilization. These data do not provide us with exact drug
utilization by individual patients or by individual providers to
determine appropriateness of drug use. In addition, the data
used for the analysis are not disease-specific, so it is not possible to extrapolate the appropriateness of utilization of certain
medications based on individual disease states. While possible
associations between clinical trial publication and the availability of clinical practice guidelines with the utilization patterns of specific medications or classes of medications were
raised herein, definitive statements about causality (due to the
observational nature of the data) cannot be made. Also,
although increased drug utilization was demonstrated, the
effects on patient outcomes were not examined. Other studies
suggest outcomes are improving and this needs to be balanced
against the increasing costs.

CONCLUSION
The present study found that there were substantial increases
in both the utilization of and the expenditures for cardiovascular drugs in Canada from 1996 to 2001. Newer drug classes
such as ACEIs and statins now comprise the majority of cardiovascular drug use, along with continued high use of diuretics.
Increases in some drug classes, such as ACEIs, statins and

beta-blockers appear to be based on evidence or guidelines (38).
However, marketing may play a larger role in the increases in
use of ARBs and of specific drugs, such as amlodipine besylate
and atorvastatin, because their increased utilization does not
appear to be associated with clinical trial evidence and practice
guidelines. The causes of interprovincial variations in drug prescribing patterns and the cost effectiveness of the increase in
drug expenditures remain to be determined.
ADDENDUM: Since the publication of the original paper, a number of new scientific studies have been published to support the use
of angiotensin receptor blockers and specific drugs, such as amlodipine and atorvastatin, in certain subgroups of cardiac patients.
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Chapter 24: Cardiac arrest care and
emergency medical services in Canada
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BACKGROUND: Heart disease is the primary cause of mortality in
Canada and survival to hospital discharge from out-of-hospital cardiac
arrest is low.
OBJECTIVE: To provide an overview of the outcomes for out-ofhospital cardiac arrest in Canada.
METHODS: A national, descriptive, Utstein-style analysis of cardiac
arrest care and emergency medical services was conducted. Data were
compiled from five sources: the City of Edmonton Emergency
Response Department, the British Columbia Ambulance Service, the
Nova Scotia Emergency Health Services, the Urgences-santé corporation of the Montreal Metropolitan region and the Ontario Prehospital
Advanced Life Support (OPALS) Study database.
RESULTS: There were 5288 cardiac arrests from a range of small
communities to large provincial cardiac arrest registries in 2002.
They were men (62.6% to 70.1%) in their sixties and seventies, witnessed (35.2% to 55.0%), rarely receiving bystander cardiopulmonary resuscitation (CPR) (14.7% to 46.0%), often in asystole
(35.7% to 51.3%), arresting at home (56.1%) and rarely surviving to
hospital discharge (4.3% to 9.0%). Bystander CPR and early first
responder defibrillation were significantly associated with increased
survival. Cardiac arrest incidence rates per 100,000 varied between
53 and 59 among provinces and followed a downward trend.
CONCLUSIONS: The results of this study could be an important
first step toward a national cardiac arrest registry comparing the
impact of regional differences in patient and system characteristics.
Many communities do not have accurate data on their performance
with regards to the chain of survival, or need to significantly improve
their capacity for providing citizen bystander CPR and rapid first
responder defibrillation.

Key Words: Canada; Cardiac arrest; Cardiopulmonary resuscitation;
Emergency medical services; Sudden cardiac death

ardiac arrest is defined as “…the cessation of cardiac
mechanical activity, confirmed by the absence of a
detectable pulse, unresponsiveness and apnea (or agonal, gasping respiration)” (1). The victim collapses when the cardiac
mechanical activity becomes too limited to provide adequate
blood flow and oxygen to the brain and muscles. The victim is
perceived to be lifeless if no vital signs (responsiveness, pulse or
respiration) are detectable. Electrical cardiac activity (ventricular fibrillation, ventricular tachycardia or pulseless electrical

C

Les soins et les services médicaux d’urgence
en cas d’arrêt cardiaque au Canada
HISTORIQUE : La maladie cardiaque est la principale cause de
mortalité au Canada, et la survie au congé hospitalier après un arrêt
cardiaque hors du milieu hospitalier est faible.
OBJECTIF : Donner un aperçu des issues des arrêts cardiaques à
l’extérieur du milieu hospitalier au Canada.
MÉTHODOLOGIE : On a procédé à une analyse nationale et
descriptive de style d’Utstein des soins et des services médicaux d’urgence
en cas d’arrêt cardiaque. Les données ont été compilées à partir de cinq
sources : la division des interventions d’urgence de la ville d’Edmonton,
les services ambulanciers de la Colombie-Britannique, les services
d’urgence de la Nouvelle-Écosse, la Corporation d’urgences-santé de la
région de Montréal métropolitain et la base de données de l’étude
ontarienne sur les soins préhospitaliers avancés de maintien des fonctions
vitales.
RÉSULTATS : On a recensé 5 288 arrêts cardiaques dans les registres des
arrêts cardiaques des petites collectivités jusqu’aux grands centres
provinciaux en 2002. Il s’agissait d’hommes (62,6 % à 70,1 %)
sexagénaires et septuagénaires, observés (35,2 % à 55,0 %), recevant
rarement une réanimation cardiorespiratoire (RCR) (14,7 % à 46,0 %),
souvent en asystole (35,7 % à 51,3 %), subissant l’arrêt cardiaque à
domicile (56,1 %) et survivant rarement au congé hospitalier (4,3 % à
9,0 %). Une RCR aux victimes et une défibrillation précoce de premier
répondant s’associaient de manière significative à une augmentation de la
survie. Les taux d’incidence d’arrêt cardiaque pour 100 000 habitants
variaient entre 53 et 59 selon les provinces et affichaient une tendance à
la baisse.
CONCLUSIONS : Les résultats de cette étude pourraient constituer une
première étape importante vers un registre des arrêts cardiaques
permettant de comparer les répercussions des différences régionales chez
les patients et les caractéristiques des divers systèmes. De nombreuses
collectivités ne possèdent pas de données exactes sur leur rendement en
matière de chaîne de survie ou ont besoin d’améliorer de manière
significative leur capacité d’effectuer une RCR aux victimes et une
défibrillation rapide de premier répondant.

activity) seen on a cardiac monitor may be the only sign of
vital activity. In the absence of cardiopulmonary resuscitation
(CPR) and/or electrical defibrillation, such electrical cardiac
activity disappears (asystole), followed by death in a matter of
minutes.
Heart disease is the primary cause of mortality in Canada
(2). The estimated initial cost for the care of a single cardiac
arrest patient, expressed in 1996 American dollars, in a standard Emergency Medical Services (EMS) system is $5,900
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(interquartile range $3,200 to $10,900) (3). Over 70% of cardiac arrests occur outside the hospital (4), and 40% of all
deaths from heart disease occur suddenly and may constitute
the first manifestation of heart disease (5). Seventy-five per
cent of cardiac arrests are caused by mechanical or electrical
cardiac dysfunction, with coronary artery disease being the
most frequent condition leading to such cardiac dysfunction
(6). In 25% of cases, cardiac arrest is the result of another condition, such as airway obstruction, sepsis, hemorrhage or
drowning (7).
Unfortunately, survival to hospital discharge from out-ofhospital cardiac arrest is low, with survival rates in several
Canadian communities reported to be between 2.5% and 12%
(8-10). This is in contrast with the often spectacular dramatization of resuscitation efforts depicted in certain television series;
the success in bringing patients back to life in this medium has
been observed to be as high as 75%, a very unrealistic number
(11). The ‘chain of survival’ illustrates important concepts in
the treatment of out-of-hospital cardiac arrest (Figure 1). The
chain metaphor implies that cardiac arrest care is only as strong
as its weakest link among ‘early access’, ‘early CPR’, ‘early defibrillation’ and ‘early advanced life support (ALS)’. Ultimately,
survival from cardiac arrest is dependent on the ‘strength’ of
individual links, with each link representing a specific community response to the emergency situation of cardiac arrest.
The purpose of the present study was to provide an
overview of the outcomes for out-of-hospital cardiac arrest in
Canada, presenting patient and system characteristics at a
regional and provincial level. Each link of the ‘chain of survival’ was considered and future directions for the care of outof-hospital cardiac arrest were explored.

METHODS
Data sources
The information presented in the present study was collected and
presented using the Utstein style, a widely accepted standard
method to study and report on out-of-hospital cardiac arrest (1).
Cases included in the analysis were limited to cardiac arrest cases
of cardiac origin for which resuscitation was attempted. The cause
of a cardiac arrest was determined using all available information,
including autopsy findings when available. EMS providers were
entitled to not initiate or pursue resuscitative efforts in accordance
with a predetermined list of conditions, such as rigor mortis,
decapitation or early decomposition.
A convenient sample of EMS directors and researchers across
Canada in the field of cardiac arrest were approached. Data were
compiled from five sources: the City of Edmonton Emergency
Response Department, the British Columbia Ambulance Service,
the Nova Scotia Emergency Health Services, the Urgences-santé
corporation of the Montreal Metropolitan region and the Ontario
Prehospital Advanced Life Support (OPALS) Study database.
Data collection was mandated by regional health care organizations and/or approved by the institutional review board of participating base hospitals (OPALS Study). Representatives from
Calgary, Alberta; Hamilton, Ontario; Quebec City, Quebec; and
Toronto, Ontario, were also approached, but they were unable to
participate at the time of data collection.
City of Edmonton Emergency Response Department: The city
of Edmonton is equipped with a multiple-tier system comprising

Figure 1) Chain of survival. Separate emergency medical service
(EMS) program components (structure) are required to produce strong
links (process) in the chain. *Cardiopulmonary resuscitation (CPR);
**Advanced life support system (ALS); ***Public access defibrillation
(PAD). D+ Defibrillation capacity. Reproduced with permission from
reference 34
firefighters and basic care paramedics equipped with defibrillators,
as well as advanced care paramedics. Information on cardiac arrest
is abstracted from relevant ambulance call report forms and entered
into a registry. In-hospital survival outcomes were collected until
the implementation of the Alberta Health Information Act five
years ago; the act now prohibits access to patient hospital records
without their consent. Edmonton contributed data from 1997 to
2002, with the latest survival to hospital discharge data reported
in 1999.
British Columbia Ambulance Service: British Columbia is
equipped with a multiple-tier system comprising firefighters and
basic care paramedics equipped with defibrillators, as well as
advanced care paramedics in urban centres. Information on cardiac arrest is abstracted from relevant sources and entered into a
proprietary database developed by Medtronic Physio-Control, a
central provincial registry located in Victoria. Information on
in-hospital survival outcomes was not available. British Columbia
contributed data for the year 2002.
Nova Scotia Emergency Health Services: Nova Scotia is
equipped with a multiple-tier system comprising firefighters and
basic care paramedics equipped with defibrillators, as well as
advanced care paramedics. Information on cardiac arrest was
abstracted from a prehospital patient care record form and
entered manually into a central provincial registry. Information
on in-hospital survival outcomes was also extracted. Nova Scotia
contributed data from 1998 to 2002.
Urgences-santé corporation of the Montreal Metropolitan region:
The Urgences-santé corporation of the Montreal Metropolitan
region is responsible for the care of over 2.14 million citizens distributed in 46 large and small municipalities. During the period of
collection of data submitted for the present report, the Urgencessanté corporation was equipped with a two-tier system primarily
comprising basic care paramedics equipped with defibrillators and
a number of mobile emergency physicians, who also offered on-line
supervision from the dispatch centre. Since then, the Urgencessanté corporation has been in the process of replacing physicians
by advanced care paramedics, as well as expanding their volunteer
and firefighter first responder program. Information on cardiac
arrest was abstracted from a prehospital patient care record form
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and entered into a central registry. Information on in-hospital survival outcomes was extracted with the authorization of the director of professional services at receiving hospitals. Montreal
contributed data from 1995 to 2001.
OPALS Study database: The OPALS Study database is the
largest prospective database on cardiac arrest known worldwide,
and is unique in its degree of standardization and quality control
(12). It was developed in the context of a before-and-after multicentre trial evaluating the incremental benefit of rapid defibrillation followed by advanced cardiac care on survival from
out-of-hospital cardiac arrest. The database also includes victims
of trauma, acute respiratory distress and chest pain. OPALS Study
data were collected in 21 communities by 11 participating base
hospital programs staffed with firefighters and basic care paramedics equipped with defibrillators, as well as advanced care paramedics. Data were abstracted from the ambulance call records,
rhythm records, dispatch reports and in-hospital records before
being sent to the co-ordinating centre in Ottawa. Although data
collection began in July 1991, data from 1995 to 2002 were
included in the present report.

Statistical analysis
A national descriptive analysis of cardiac arrest care and EMS was
conducted. The incidence rate of cardiac arrest cases of cardiac
origin for which resuscitation was attempted in the year 2002 per
100,000 population was calculated using 1991 Canadian census
data. Similarly, trends in the cardiac arrest incidence rate for
Edmonton (1997 to 2002), Ontario communities (1995 to 2002),
Montreal Metropolitan region (1995 to 2001) and Nova Scotia
(1998 to 2002) were explored.
Patient characteristics for the year 2002 included the percentage of men, median age, percentage of collapse witnessed by
a citizen bystander, initial cardiac rhythm seen on the monitor
and cardiac arrest location (British Columbia, Ontario communities or Nova Scotia). The cardiac arrest location in Ontario
communities was reported over a five-year period (1995 to
2000) and was obtained via electronic linkage between the
OPALS database, the Provincial Ambulance Response
Information System (ARIS) database and the Municipal
Property Assessment Corporation database. Base hospital personnel manually extracted the information from the ambulance
call reports in cases where OPALS Study records could not be
found in the ARIS database, no specific address could be found
in the Municipal Property Assessment Corporation database
(eg, cardiac arrest occurred on the street) or the MPAC database could not provide a location description for the address
submitted.
System characteristics for the year 2002 included the percentage of CPR being performed by a citizen bystander, firefighters or
policemen, or EMS paramedics. In the case of British Columbia,
no distinction could be made between CPR performed by a citizen
bystander or a firefighter first responder. Similarly, trends in citizen
bystander CPR for Ontario communities (1995 to 2002), the
Montreal Metropolitan region (1995 to 2001) and Nova Scotia
(1998 to 2002) were explored. The median time intervals between
the receipt of a call by a dispatch centre and arrival at the scene of
the first responding unit equipped with a defibrillator was
described, as was the percentage of times for which that unit comprised firefighter first responders.
190

Overall survival rates to discharge from hospital and 95% CIs
were reported for all victims of cardiac arrest of cardiac origin for
which resuscitation was attempted. Similarly, trends in overall survival for the city of Edmonton (1997 to 1999), Ontario communities (1995 to 2002), the Montreal Metropolitan region (1995 to
2001) and Nova Scotia (1998 to 2002) were explored. Also, survival by initial cardiac rhythm was stratified. Finally, the Utstein
methodology suggests that system performance should be compared using survival rates among bystander-witnessed victims for
which the initial cardiac rhythm was ventricular fibrillation or
tachycardia, and for whom bystander CPR was administered. Such
estimates were obtained for the Ontario communities, Montreal
and Nova Scotia.
The results of locally performed descriptive analysis as provided
by British Columbia, Edmonton, the Montreal Metropolitan
region and Nova Scotia were used. OPALS data were analyzed
using SAS version 8.01 (SAS Institute, USA).

Interpretative cautions
Apart from the OPALS Study, there was no direct access to raw
data provided by the other four large regions, and simple data
cleaning verifications could not be performed. However, descriptive statistics prepared by well-renowned researchers and organizations in the field of cardiac arrest were available.
Caution needs to be used when comparing regions with one
another. Although the Utstein methodology was usually followed,
there were some differences among sites. Edmonton, the OPALS
Study communities and Nova Scotia limit their reports to a population aged 16 years and older. Montreal and British Columbia
include all ages in their reports. Montreal defines “return of spontaneous circulation” as maintaining a pulse until arrival to receiving hospital, whereas Utstein defines it as “any” return of
circulation, regardless of duration. The British Columbia database
cannot make the distinction between citizen bystander-initiated
and volunteer firefighter-initiated CPR.

RESULTS
Incidence rates, demographic characteristics and clinical characteristics for cardiac arrests occurring in 2002 are presented in
Table 1. Information for 5288 cardiac arrests from a range of
small communities (Lindsay, Ontario; population 16,696) to
large provincial cardiac arrest registries (British Columbia;
population 3,282,061) was obtained. Cardiac arrest incidence
rates per 100,000 varied between 53 and 59 among provinces.
Most victims were men in their late sixties or early seventies.
Their collapse was witnessed 35.2% to 55.0% of the time.
Asystole was the initial cardiac rhythm most frequently seen
on the cardiac monitor, with ventricular fibrillation or tachycardia present 26.5% to 30.2% of the time.
Trends in cardiac arrest incidence rates are presented in
Figure 2. A downward trend was noticeable for most regions, in
spite of the fact that calculations were based on 1991 census
data and may not adequately represent population growth.
Information on cardiac arrest location is presented in Figure 3.
The large majority of cardiac arrests occurred in residential
locations, with only 14.6% to 22.0% occurring in public
places. A more detailed description of cardiac arrest locations
over a five-year period for 20 communities in Ontario is presented in Figure 4.
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TABLE 1
Demographic and clinical characteristics of cardiac arrest patients in selected communities, 2002
Incidence rate

Communities

Population*

Cardiac
arrests
per year†

Patient characteristics
Incidence rates
per 100,000
population

Median
Men (%) age (years)

Initial rhythm at arrest

Citizen
witnessed (%)

VF or VT (%)

PEA (%)

Asystole (%)

Ontario
Lindsay

16,696

13

78

69.2

77.0

30.8

38.5

15.4

46.2

Grimsby

18,520

7

38

71.4

79.0

42.9

42.9

28.6

28.6

Port Colborne

18,766

10

53

80.0

73.0

40.0

20.0

30.0

50.0

Port Hope/Cobourg

26,584

18

68

77.8

77.0

44.4

56.3

31.3

12.5

Welland

47,914

36

75

58.3

68.0

41.7

27.8

25.0

47.2

Peterborough

68,379

32

47

50.0

76.0

18.8

24.1

20.7

55.2

Sarnia

74,167

57

77

78.9

73.0

47.4

35.1

21.1

43.9

Niagara Falls

75,399

54

72

74.1

70.0

40.7

31.5

29.6

38.9

Cambridge

92,772

60

65

63.3

70.0

35.0

27.3

38.2

34.5

Sudbury

92,884

58

62

63.8

72.5

37.9

31.0

29.3

39.7

Oakville

114,670

45

39

68.9

71.0

37.8

22.0

19.5

58.5

Kingston

56,597

67

118

62.7

72.0

41.8

31.3

26.9

41.8

113,946

78

68

60.3

68.0

34.6

30.8

16.7

52.6

Thunder Bay
St Catharines

129,300

85

66

60.0

73.0

42.4

37.6

28.2

34.1

Burlington

129,575

80

62

55.0

74.0

35.0

27.3

35.1

37.7

Windsor/Tecumseh

201,930

99

49

64.6

70.0

41.4

30.5

26.3

43.2

Kitchener/Waterloo

239,463

113

47

69.0

70.0

40.7

30.9

34.5

34.5

London

311,620

215

69

68.8

71.0

40.5

29.9

28.0

42.1

Ottawa‡

523,291

261

50

62.8

72.0

37.5

25.8

25.0

49.2

2,352,473

1395

59

65.0

72.0

38.9

29.9

27.2

42.9

899,942

476

53

62.6

70–79§

54.6

28.4

20.2

51.3

3,282,061

1951

59

70.1

64.0

35.2

26.5

21.5

35.7

2,140,000

1125

53

63.2

73.0

45.7

27.0

34.9

38.0

616,741

341

55

N/A

N/A

55.0

30.2

24.9

44.9

Provincial average
Nova Scotia
Provincial average
British Columbia
Provincial average
Quebec (2001)
Montreal Metro
Alberta
Edmonton

*Population data are from the 1991 Canada census;
arrests of cardiac origin for which resuscitation was attempted in 2002 (2001 for Quebec); ‡The
Ontario Prehospital Advanced Life Support (OPALS) Study started before amalgamation; the Ottawa region includes Gloucester and Nepean; §In Nova Scotia, the
majority of cardiac arrests (22.1%) occurred in the 70- to 79-year-old age group. N/A Data not available; PEA Pulseless electrical activity; VF Ventricular fibrillation;
VT Ventricular tachycardia. Data from the OPALS Study database, Nova Scotia Department of Health, Emergency Health Services database, British Columbia
Cardiac Arrest Registry, La Corporation d’urgences-santé de la région de Montréal Métropolitain (2001) and Edmonton Cardiac Arrest Registry

80
75
70
65
60
55
50
45

100%

1995 1996

1997 1998

1999 2000

2001 2002

Ontario

Edmonton

0.4

7.9

4.0

14.6

22.0

77.5

74.0

15.1

80%
60%
40%

84.5

20%
0%

Year
Nova Scotia

% of All Cardiac Arrests

Incidence Rate
(per 100,000)

†Cardiac

Montreal Metropolitan

Figure 2) Trends in cardiac arrest incidence rates per 100,000 population. Population data are from the 1991 Canada census; Montreal
Metropolitan is estimated at 2,140,000. Data from the Ontario
Prehospital Advanced Life Support (OPALS) Study database, Nova
Scotia Department of Health, Emergency Health Services database,
Edmonton Cardiac Arrest Registry and La Corporation d’urgencessanté de la région de Montréal Métropolitain

Ontario
Ontario
N= 7,707

Nova
British
Nova Scotia
Scotia
British Columbia
Columbia
N= 1,255
N= 1,203
Residential Public Other

Figure 3) Cardiac arrest location in Canada, 2002. Data collected over
a five-year period in Ontario, 1995 to 2000. Data from the Ontario
Prehospital Advanced Life Support (OPALS) Study database, Nova
Scotia Department of Health, Emergency Health Services database and
British Columbia Cardiac Arrest Registry. The composition of residential
and public location by province can be found in Appendix 1
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4,324 (56.1%)

Sin gle-Residen t ial Dwellin g
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W at er /Bo at
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1,747 (22.7%)
457 (5.9%)
231 (3.0%)
206 (2.7%)
165 (2.1%)
96 (1.2%)
77 (1.0%)
65 (0.8%)
56 (0.7%)
48 (0.6%)
42 (0.5%)
41 (0.5%)
36 (0.5%)
29 (0.4%)
28 (0.4%)
14 (0.2%)
12 (0.2%)
9 (0.1%)
6 (0.08%)
5 (0.06%)
4 (0.05%)
3 (0.04%)
2 (0.03%)
1 (0.01%)
0

10

20

30
% of total cases

40
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Figure 4) Specific cardiac arrest locations in Ontario, 1995 to 2000 (N=7707). Data from the Ontario Prehospital Advanced Life Support
(OPALS) Study database

Information on CPR and defibrillation time intervals is presented in Table 2. Citizen bystander rates varied between
14.7% in Ontario to an impressive 46.0% in Edmonton. The
provinces with the highest citizen bystander CPR rates provided
dispatch-assisted CPR instructions to 911 callers (ie, all except
Ontario). CPR was initiated by first responding firefighters
33.8% of the time in Ontario, but these data were not available for the other regions. The median time interval between a
call received by dispatch and arrival at the scene of the first
responding unit equipped with a defibrillator varied between
5.1 min and 9.3 min, and this interval was less than 8 min
more than 90% of the time in most regions. In regions with
established first responder firefighter programs, these units
arrived first at the scene approximately one-half of the time.
Trends in citizen bystander CPR for three large regions are
illustrated in Figure 5. Although variations existed among
regions, the rates remained stagnant over time.
Overall cardiac arrest survival statistics for 2002 are presented in Table 3. In-hospital survival information could not be
obtained from the British Columbia registry. Edmonton only
provided data until 1999. Survival ranged from 4.3% in the
Montreal Metropolitan region to 9.0% in Edmonton. In the
OPALS Study database, the largest cardiac arrest registry, overall survival for out-of-hospital cardiac arrest was 5.0% (95% CI
3.9% to 6.2%). Trends in overall cardiac arrest survival rates
are presented in Figure 6. The rate of cardiac arrest survival
was significantly higher in Edmonton than in other regions.
Stratifying survival by initial cardiac rhythm showed that ventricular fibrillation and tachycardia were associated with the
best survival rates (Table 3). Indeed, survival was almost
invariably less than 1% in cases where the initial cardiac
rhythm was asystole.
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A few regions have attempted to report their cardiac arrest
survival data in the style suggested by the Utstein method.
While the Montreal Metropolitan region stratified their cardiac
arrest cases in strict accordance with this reporting methodology,
data from Nova Scotia were stratified in a slightly different
manner. Uniform survival rates were calculated for those witnessed cases with ventricular fibrillation or tachycardia who
received citizen bystander CPR. This Utstein reporting strategy
is meant to facilitate performance comparisons among different
EMS systems by comparing survival rates in the best patient
conditions. In the present group, survival rates of 13.9%, 15.0%
and 16.7% were found for the Ontario communities, Nova
Scotia and the Montreal Metropolitan region, respectively.

DISCUSSION
The present study presents a descriptive analysis of cardiac
arrest care and EMS in Canada. The study was only made possible through the contribution of information from a select
number of institutions and individuals. Collecting cardiac
arrest data highlights the need for a national cardiac arrest registry, for better communication among cardiac arrest care partners across the country, and to evaluate the feasibility of such a
national endeavour. Currently, there is no national cardiac
arrest registry in Canada, and only two provincial registries
(Nova Scotia and British Columbia) exist. The two main challenges facing the creation of a national cardiac arrest registry
are access to information and standardization of data. With the
introduction of new laws limiting access to personal patient
information, linkage of prehospital care data to in-hospital
outcome information is becoming increasingly difficult.
Moreover, despite the publication of guidelines for uniform
reporting of data from out-of-hospital cardiac arrest (1), it

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

TABLE 2
Prehospital cardiopulmonary resuscitation and
defibrillation response in selected Canadian communities,
2002
Cardiopulmonary
resuscitation rates

Communities

Arrival at scene
with defibrillator*

Fire/
Median
Citizen police Ambulance interval
(%)
(%)
(%)
(min)

8 min Firefighters
or less
first
(%)
(%)

B y s ta n d e r C P R (% )

Cardiac arrest care and emergency medical services in Canada

40.0
30.0
20.0
10.0
0.0
1995

1996

1997

1998

1999

2000

2001

2002

Year

Ontario
0.0

0.0

100.0

5.8

92.3

7.7

Grimsby

42.9

14.3

42.9

5.5

83.3

33.3

0.0

50.5

40.0

6.4

100.0

44.4

Port Colborne
Port Hope/Cobourg

38.9

33.3

27.8

5.6

88.9

33.3

Welland

13.9

16.7

66.7

5.4

97.1

34.3

Peterborough

6.3

46.9

40.6

4.8

96.6

69.0

Sarnia

15.8

43.9

36.8

4.4

96.0

64.0

Niagara Falls

20.4

27.8

48.1

5.1

93.9

34.7

6.7

56.7

35.0

5.1

98.0

78.0

Sudbury

19.0

20.7

58.6

4.9

96.4

20.0

Oakville

8.9

44.4

46.7

5.4

100.0

57.1

Kingston

16.4

28.4

52.2

4.8

85.5

30.6

6.4

35.9

55.1

4.5

94.4

52.8

Cambridge

Thunder Bay
St Catharines

14.1

28.2

50.6

5.5

90.0

52.5

Burlington

20.0

40.0

38.8

5.0

97.1

70.0

Windsor/Tecumseh 22.2

23.2

48.5

4.8

90.3

45.2

Kitchener/Waterloo 16.8

32.7

45.1

5.1

95.0

65.3

London

15.3

29.8

53.0

5.3

86.0

37.1

Ottawa†

11.1

39.5

44.8

5.1

94.2

61.8

Provincial average

14.7

33.8

48.0

5.1

92.6

50.8

31.9

N/A

N/A

7.0

90.0‡

N/A

N/A

9.3

38.5

N/A

Nova Scotia
Provincial average
British Columbia
Provincial average

38.6

Ontario

Nova Scotia

Montreal Metropolitan

Figure 5) Provincial trends in bystander cardiopulmonary resuscitation (CPR). Data from the Ontario Prehospital Advanced Life Support
(OPALS) Study database, La Corporation d’urgences-santé de la
région de Montréal Métropolitain and Nova Scotia Department of
Health, Emergency Health Services database

Overall Survival (%)

Lindsay

12.0
10.0
8.0
6.0
4.0
2.0
0.0
1995

1996

1997

1998

1999

2000

2001

2002

Year
Nova Scotia

Ontario

Montreal Metropolitan

Edmonton

Figure 6) Provincial trends for cardiac arrest survival rates. Data from
the Ontario Prehospital Advanced Life Support (OPALS) Study database, La Corporation d’urgences-santé de la région de Montréal
Métropolitain, Nova Scotia Department of Health, Emergency Health
Services database, and Edmonton Cardiac Arrest Registry

Quebec (2001)
Montreal Metro

25.4

N/A

N/A

7.6

55.2

N/A

46.0

N/A

N/A

5.4

89.0

45.0

Alberta
Edmonton

*Time interval of call received by dispatch to arrival at scene by first responding
unit with defibrillator; †The Ontario Prehospital Advanced Life Support (OPALS)
Study started before amalgamation; the Ottawa region includes Gloucester and
Nepean; ‡Arrival at scene with defibrillator in 9 min or less for Nova Scotia.
N/A Data not available. Data from the OPALS Study database, Nova Scotia
Department of Health, Emergency Health Services database, British Columbia
Cardiac Arrest Registry, La Corporation d’urgences-santé de la région de
Montréal Métropolitain (2001) and Edmonton Cardiac Arrest Registry

became apparent during the preparation of the present manuscript that some definitions are being interpreted in various
ways.
Although mortality rates from ischemic heart disease are
decreasing worldwide (13-15), the increasing severity of disease
in the aging population (13), increasing smoking rates in
women and increasing overall body mass index in the general
population (16) may ultimately reverse this reassuring trend.
Despite public information on cardiovascular health and disease prevention, survival is low once cardiovascular disease
reaches the stage of cardiac arrest. Improving cardiac arrest

outcomes can only occur with a concerted and continuing
effort to strengthen each link of the chain of survival presented
in Figure 1, with the greatest improvement seen with strengthening of the second and third links. However, the best way to
strengthen these links has yet to be determined. The impact
and sustainability of future cardiac arrest interventions need to
be monitored and evaluated; this could potentially be accomplished via the proposed national cardiac arrest registry.
First link: Early access
Brain damage may start after only 4 min of cardiac arrest and
irreversible brain damage is certain after 10 min (17). We can
understand the importance of a universal access number such
as 911. It is not only quick to dial but also easy to remember.
According to the National Emergency Number Association,
96% of the geographical United States is covered by a 911
service. This service is also widely distributed in Canada.
When dialing 911, a caller is put in communication with personnel who will appropriately dispatch police, firefighters,
EMS or all three. In case of a medical emergency, the call will
rapidly be transferred to an affiliate dispatch centre. Because
many enhanced 911 communication centres automatically

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

193

Vaillancourt and Stiell

TABLE 3
Cardiac arrest survival rates for selected communities,
2002*
Overall
survival rates

Communites

Number of
cardiac
arrests
%

Survival by
initial cardiac rhythm

95% CI

VF or
VT
(%)

PEA Asystole
(%)
(%)

Ontario
Lindsay

13

0.0

–

0.0

0.0

0.0

Grimsby

7

0.0

–

0.0

0.0

0.0

Port Colborne

10

0.0

–

0.0

0.0

0.0

Port Hope/Cobourg

18

5.6

0.0–17.3

11.1

0.0

0.0

Welland

36

5.6

0.0–13.4

20.0

0.0

0.0

Peterborough

32

12.5

0.4–24.6

42.9

16.7

0.0

Sarnia

57

5.3

0.0–11.2

10.0

0.0

4.0

Niagara Falls

54

3.7

0.0–8.9

0.0

6.3

4.8

Cambridge

60

6.7

0.2–13.2

13.3

0.0

0.0

Sudbury

58

10.3

2.3–18.4

16.7

11.8

4.3

Oakville

45

6.7

0.0–14.2

33.3

0.0

0.0

Kingston

67

3.0

0.0–7.2

9.5

0.0

0.0

Thunder Bay

78

2.6

0.0–6.2

8.3

0.0

0.0

St Catharines

85

11.9

4.8–19.0

22.6

12.5

0.0

Burlington

80

5.0

0.1–9.9

19.0

0.0

0.0

Windsor/Tecumseh

99

5.1

0.7–9.4

17.2

0.0

0.0

Kitchener/Waterloo

113

4.4

0.6–8.3

11.8

2.6

0.0

London

215

4.7

1.8–7.6

14.5

1.7

0.0

Ottawa†

261

2.7

0.7–4.7

7.8

1.6

0.8

Provincial average 1395

5.0

3.9–6.2

13.4

2.7

0.7

476

6.3

N/A

19.3

3.1

0.4

Provincial average 1951

N/A

N/A

N/A

N/A

N/A

1125

4.3

N/A

10.5

3.3

0.7

415

9.0

N/A

26.0

N/A

N/A

Nova Scotia
Provincial average
British Columbia
Quebec (2001)
Montreal Metro
Alberta (1999)
Edmonton

†The

*Time periods for Quebec and Alberta are specified;
Ontario Prehospital
Advanced Life Support (OPALS) Study started before amalgamation; the
Ottawa region includes Gloucester and Nepean. N/A Data not available;
PEA Pulseless electrical activity; VF Ventricular fibrillation; VT Ventricular
tachycardia. Data from the OPALS Study database, Nova Scotia Department
of Health, Emergency Health Services database, British Columbia Cardiac
Arrest Registry, La Corporation d’urgences-santé de la région de Montréal
Métropolitain (2001) and Edmonton Cardiac Arrest Registry (1999)

display the ‘billing address’ on their computer screen, the dispatch centre will confirm the location of the patient; take
down information on the nature of the call and dispatch the
appropriate EMS unit(s), often as more information is being
collected; and, in some regions, provide dispatch-assisted
CPR instruction.
Second link: Early CPR
The Heart and Stroke Foundation of Canada (HSFC) establishes guidelines for resuscitation based on recommendations
from the International Liaison Committee on Resuscitation.
The HSFC also develops and makes available training programs
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for partners such as the Canadian Red Cross, St John’s
Ambulance, the Canadian Ski Patrol, the Advanced Coronary
Treatment Foundation of Canada and the Lifesaving Society.
Actual CPR training of the population is usually performed by
one of these organizations or other private companies.
Municipalities need to have a heightened awareness of the
importance of CPR in saving lives and should actively partner
with training agencies to maximize the number of citizens
trained in CPR.
Data from Seattle indicate that a survival rate of 30% can
be achieved for witnessed cardiac arrest cases receiving
bystander CPR (18). Other communities, such as Akita and
Otsu, Japan, are reporting overall survival rates from cardiac
arrest of 15% and 9% in association with bystander CPR
rates of 49% and 29%, respectively (19). In comparison, citizen bystander CPR rates and survival rates are rather modest in most areas of Canada. Poor incentives, lack of
motivation, inconvenience of having to leave the house for
classes and cost of classes are all good reasons to explain why
people may not seek CPR training. Fear of communicable
diseases, fear of litigation, emotional reaction, shyness and
diffusion of responsibility in a group are reasons why even
trained CPR providers may fail to apply what they have
learned. However, to date, no case of HIV or hepatitis and
no successful legal actions have been reported as a consequence of providing CPR.
Overall, the odds of survival for a victim of cardiac arrest
are almost four times greater if bystander CPR is administered
(OR 3.7; 95% CI 2.6 to 5.1) (20). CPR can sometimes be efficacious alone (21), and it can also prolong the period of time
during which the heart is in ventricular fibrillation or tachycardia, hence increasing the potential success of defibrillation
(22-24).
Third link: Early defibrillation
Defibrillation occurs when myocardial cells in a chaotic or
abnormal electrical rhythm are depolarized at the same time by
the delivery of an electrical current. This should result in the
re-establishment of a rhythmic and organized heart beat.
Ideally, defibrillation should occur as soon as possible after the
victim’s collapse. Through inexpensive optimization of existing EMS systems in Ontario communities, it has been demonstrated that reducing the time to defibrillation can increase
overall cardiac arrest survival from 3.9% to 5.2% (P=0.03)
(20). This was achieved by equipping firefighters with defibrillators and/or by improving the deployment of the ambulance
fleet. Nevertheless, most communities have not followed this
approach to rapid defibrillation and probably have no knowledge of their response times.
In a study (25) of cardiac arrest occurring in casinos, security
officers were trained to apply automatic external defibrillators
(AEDs) to witnessed victims. Such devices are equipped with
electrodes that can very simply be applied to the victim’s chest.
Accurate rhythm analysis is performed automatically and
defibrillation is performed when appropriate. In the group
defibrillated for ventricular fibrillation within 3 min, the ‘casino’
study achieved an unprecedented survival rate of 74% (25).
Recognizing the limited external validity of this study, the
authors of the Public Access Defibrillation (PAD) trial (26)
endeavoured to train 20,000 volunteers in CPR in 24 centres
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across Canada and the United States. One-half of those centres
were randomly selected to receive additional access to, and
training in, the use of AEDs. Results from that trial were
released in Orlando, Florida, on November 11, 2003, during
the American Heart Association’s scientific session. Among
the 44 survivors (N=292), 15 were in the CPR arm and 29 were
in the CPR+AED arm (P=0.042) (26).
Despite the preliminary release of promising results from
the PAD trial, not everyone is convinced that PAD programs
will have a significant impact on overall cardiac arrest survival
because most cardiac arrests occur at home. In a retrospective
cohort study (27) of 15,189 cardiac arrests, a statistical model
was used to estimate the potential effect of PAD programs on
overall survival from cardiac arrest in public location. The
model estimated that overall survival from cardiac arrest may
increase from 5% to a range of 6.3% to 6.5%, depending on the
assumptions made regarding defibrillator coverage; this would
likely occur at a significant cost (27). PAD programs may have
an extremely limited applicability and are no substitute for
optimized citizen bystander CPR and first responder defibrillation programs.
Fourth link: Early ALS
Advanced care is defined by the use of definitive airway management, such as endotracheal intubation, intravenous access
and drug administration. Such drugs serve the purpose of
increasing the coronary perfusion pressure by increasing
peripheral vascular resistance (epinephrine and vasopressin),
or promote arrhythmia termination by acting on the myocardial cell action potential and/or by facilitating defibrillation
(lidocaine, procainamide and amiodarone).
Although these drugs are recommended by the American
Heart Association and the HSFC, and are taught as part of
advanced cardiac life support training, they have never
demonstrated any significant improvement in overall cardiac
arrest survival (28,29). There has been much hope that amiodarone and vasopressin would improve survival to cardiac
arrest. The use of amiodarone remains highly controversial. In
a recent study (30), survival to hospital admission for patients
in ventricular fibrillation improved from 33% to 44%
(OR 1.6; 95% CI 1.1 to 2.4; P=0.03). The study could not
find any difference in survival to hospital discharge. While
vasopressin was previously believed to be of no help (31), a
recent publication (32) indicates the potential benefit of
vasopressin in a subgroup of victims in asystole. In that group,
survival to hospital discharge increased from 1.5% to 4.7%
(P=0.04).
Typically, emergency medical technicians with training in
ALS, otherwise called paramedics, provide advanced cardiac
care. Similar to advanced cardiac care drugs, paramedics have
not been clearly associated with any improvement in survival
from cardiac arrest. The recently completed phase III of the
OPALS Study, looking at the incremental benefit of such ALS
paramedics on cardiac arrest survival, failed to show any significant clinical difference (33). Communities must emphasize
CPR and rapid defibrillation rather than ALS in the prehospital setting.

CONCLUSIONS
Heart disease remains the leading cause of mortality in the
Canadian population. The present study compared the impact
of regional differences in patient and system characteristics;
it is also the first step toward a cardiac arrest registry because
it confirmed a deficit in data collection and established
strong links between cardiac arrest researchers across the
country. CPR is clearly associated with improved survival
and it appears that improving citizen bystander CPR rates
should remain a priority in most regions. While the optimization of ambulance and firefighter defibrillation programs has shown a positive impact on survival, the potential
impact of public access defibrillation programs appears to be
quite limited. Given the lack of impact of ALS on cardiac
arrest survival, it becomes increasingly important to optimize all the other links of the chain of survival. Most communities do not have accurate data on their performance
with regards to the chain of survival, and thus are unaware of
the need within the community to significantly improve
their capacity of providing citizen bystander CPR and rapid
first responder defibrillation.
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APPENDIX 1
Composition of location categories by province
Ontario
Residential

Single residential dwelling
Multiresidential dwelling
Nursing home
Hospital (nonacute)

Public

Construction site
Farm
Golf course
Medical office/clinic
Restaurant/bar
Single store/strip mall
Sports field/fairground/park
Airport/heliport/bus station/train station
Casino
Factory/industrial site/railway/dockyard
Hotel
Indoor shopping mall
Office building
Penal institution
Recreation facility
School/college/university
Stadium

Other

Street/highway/road
Water/boat
Other
Missing

British Columbia
Residential

Home

Public

Public place

Residence (not own home)

Vehicle
Workplace
Other

Other

Nova Scotia
Residential

Home/cottage
Group home
Extended care facility

Public

Public building
Ambulance/helicopter landing zone
Recreational facility
Industrial
School/daycare
Doctor’s office
Hospital
Airport
Casino
Penitentiary
Street or public walkway

Other

Other public areas
Not documented
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Chapter 25: CCORT/CCS quality indicators for
acute myocardial infarction care
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CTT Tran, DS Lee, VF Flintoft, et al. CCORT/CCS quality
indicators for acute myocardial infarction care. Originally
published in Can J Cardiol 2003;19(1):38-45.
BACKGROUND: Although quality indicators for the care of acute
myocardial infarction (AMI) patients have been described for other
countries, there are none specifically designed for the Canadian
health care system. The authors’ goal was to develop a set of
Canadian quality indicators for AMI care.
METHODS: A literature review identified existing quality indicators for AMI care. A list of potential indicators was assessed by a
nine-member panel of clinicians from a variety of disciplines using a
modified-Delphi panel process. After an initial round of rating the
potential indicators, a series of indicators was identified for a second
round of discussion at a national meeting. Further refinement of indicators occurred following a teleconference and review by external
reviewers.
RESULTS: To identify an AMI cohort, case definition criteria were
developed, using a hospital discharge diagnosis for AMI of
International Classification of Diseases-Ninth revision (ICD-9) code
410.x. Thirty-seven indicators for AMI care were established.
Pharmacological process of care indicators included administration of
acetylsalicylic acid, beta-blockers, angiotensin-converting enzyme
inhibitors, thrombolytics and statins. Mortality and readmissions for
AMI, unstable angina and congestive heart failure were recommended
as outcome indicators. Nonpharmacological indicators included
median length of stay in the emergency department, and median
waiting times for cardiac catheterization, percutaneous coronary
intervention and/or coronary artery bypass graft surgery.
INTERPRETATION: A set of Canadian quality indicators for the
care of AMI patients has been established. It is anticipated that these
indicators will be useful to clinicians and researchers who want to
measure and improve the quality of AMI patient care in Canada.

Key Words: Canadian health system; Myocardial infarction; Quality
indicators; Quality of care

n the era of accountability in medicine, the measurement
of the structures, processes and outcomes of patient care is
becoming increasingly important in Canada. To measure
the quality of care, it is first necessary to establish practice
standards called ‘quality indicators’ or ‘performance measures’ (1,2). These measures may be defined on the basis of
scientific evidence or by clinical experts in the field and

I

Indicateurs de la qualité des soins après un infarctus
aigu du myocarde selon l’Équipe canadienne de
recherche sur les résultats des interventions en santé
cardio-vasculaire et la Société canadienne de cardiologie
CONTEXTE : Même s’il existe des indicateurs de la qualité des soins
après un infarctus aigu du myocarde (IAM) dans différents pays, aucun
ensemble n’a été spécialement conçu pour le système de soins au Canada.
Les auteurs visent donc à élaborer un faisceau d’indicateurs de la qualité
des soins post-infarctus, qui soit propre au Canada.
MÉTHODE : Un examen de la documentation scientifique nous a permis de relever les indicateurs actuels de la qualité des soins après un IAM.
Neuf cliniciens travaillant dans diverses disciplines ont procédé à une
évaluation d’une liste d’indicateurs possibles à l’aide d’une version modifiée de la méthode Delphi. Après un premier tour d’évaluation, un certain
nombre d’indicateurs possibles ont été retenus pour un deuxième tour de
discussion dans le cadre d’une réunion nationale. Nous avons peaufiné les
derniers indicateurs à la suite d’une téléconférence et d’un examen effectué par des spécialistes externes.
RÉSULTATS : Pour pouvoir constituer une cohorte appropriée, nous
avons défini des critères de sélection des patients à l’aide d’un des codes
410 de la Classification internationale des maladies, 9e édition, indiquant un
diagnostic d’IAM dans le registre des sorties de l’hôpital. Trente-sept
critères de soins post-infarctus ont été retenus. Sur le plan pharmacologique figurait l’administration d’acide acétylsalicylique, de bêta-bloquants, d’inhibiteurs de l’enzyme de conversion de l’angiotensine, de
thrombolytiques et de statines. Sur le plan non pharmacologique, mentionnons la durée médiane du séjour au service d’urgence et les délais d’attente médians en vue d’un cathétérisme cardiaque, d’une intervention
coronarienne percutanée ou d’un pontage coronarien. La mortalité et les
réadmissions pour un IAM, de l’angine instable et de l’insuffisance cardiaque congestive ont été recommandées comme indicateurs de résultats.
INTERPRÉTATION : Nous sommes parvenus à élaborer un faisceau
d’indicateurs de la qualité des soins après un IAM, qui soit propre au
Canada. Nous croyons que ces indicateurs aideront les cliniciens et les
chercheurs à mesurer et à améliorer la qualité des soins post-infarctus au
pays.

should ultimately be linked to improved patient outcomes.
Although quality indicators for the care of patients having
acute myocardial infarction (AMI) have been described for
other countries, there are none specifically tailored to the
Canadian health care system. Our goal was to identify and
develop a set of quality indicators for the care of AMI
patients in Canada.

1Institute for Clinical Evaluative
3University of Ottawa Heart

Sciences, Toronto; 2Faculty of Medicine and Institute of Medical Sciences, University of Toronto, Toronto;
Institute, Ottawa; 4Sunnybrook and Women’s College Health Sciences Centre, Toronto, Ontario
Correspondence and reprints: Dr Jack V Tu, Institute for Clinical Evaluative Sciences, G106-2075 Bayview Avenue, Toronto, Ontario
M4N 3M5. Telephone 416-480-4700, fax 416-480-6048, e-mail tu@ices.on.ca
Received for publication December 12, 2001. Accepted April 11, 2002
198

A Collection of Original Research Papers Published in The Canadian Journal of Cardiology

Quality indicators for AMI care

The Canadian Cardiovascular Outcomes Research Team
(CCORT) was established in 2001 as a Canadian Institutes of
Health Research (CIHR)-Heart and Stroke Foundation (HSF)
Interdisciplinary Health Research Team (IHRT). The team
includes researchers from five Canadian provinces (British
Columbia, Alberta, Ontario, Quebec and Nova Scotia). One of
the major goals is to conduct research to improve the quality of
care of AMI and congestive heart failure patients in Canada, in
collaboration with other organizations including the Canadian
Cardiovascular Society (CCS). The CCORT investigators will
conduct studies comparing the quality of AMI care in different
regions and hospitals in Canada. To facilitate this and other
quality improvement projects, the development of Canadian
quality indicators for AMI care was imperative.

METHODS
A flowchart of the AMI indicator selection process is displayed in
Figure 1.

Assembly of Delphi panel
The Delphi methodology was employed to assemble expert panelists who would subsequently develop consensus regarding the
content of the indicators (3,4-6). Panelists were selected from a
variety of disciplines to reflect the multidisciplinary nature of
AMI care. Nominations to the AMI panel were solicited from the
HSF, the Canadian Society of Internal Medicine, the College of
Family Physicians of Canada, the CCS and the Canadian Society
of Hospital Pharmacists. Nine members from British Columbia,
Alberta, Saskatchewan, Ontario, Quebec and Nova Scotia agreed
to participate in the Delphi panel. The panel consisted of six cardiologists, one internist, one family practitioner and one clinical
pharmacist. There was one Delphi panel chair and one co-chair
representing clinical and methodological expertise, respectively.

Review of existing indicators
A literature search was conducted using the OVID technologies
interface to search the MEDLINE (1966 to 2000), PREMEDLINE
(March 16, 2001), EMBASE and HealthSTAR (1975 to 2000)
databases. To identify articles pertaining to quality indicators for
AMI care, a search of the English language literature was performed using the following MEDLINE subject heading terms:
‘quality of care’, ‘quality assurance’, ‘health care’, ‘health care
reform’, ‘United States’, ‘Medicare’, ‘consumer satisfaction’, ‘risk
adjustment’ and ‘myocardial infarction’. The names of professional, quality improvement and government or nonprofit organizations involved in developing quality indicators were included as
key words. Bibliographies of relevant articles were also searched.

All indicators identified from the literature review were
included in the list of potential indicators sent out for the initial rating by panelists. These indicators were divided into
inpatient process of care (pharmacological and nonpharmacological) indicators, outpatient process of care (pharmacological
and nonpharmacological) indicators and outcome indicators,
to permit easier identification of the stage of medical management. Process of care indicators were defined as the steps by
which clinicians treat patients. Outcome indicators were
defined as changes in patients’ health status. All process and
outcome indicators had to be measureable via chart abstraction and/or linkage of existing administrative databases.
Structural indicators were defined as static or technical aspects

Figure 1) Flow diagram of the Canadian acute myocardial infarction
quality indicator development process. CCS Canadian Cardiovascular
Society

of patient care (eg, characteristics of organizations) and are
measureable via hospital survey.
For all indicators, ‘eligible’ patients were defined as those
having a diagnosis of AMI based on defined criteria. Patients
were further deemed as ‘ideal candidates’, if they had none of
the exclusion criteria (eg, clinical contraindications) for a particular intervention or measured outcome. It was recognized
that many nonideal patients (eg, those with relative contraindications) may receive an intervention and that this
should not necessarily be considered substandard care.
Initial rating of potential quality indicators
Using a modified Delphi process, the indicators were rated electronically on the CCORT Web site by each panel member in
May 2001. The panel was asked to rate each potential indicator,
on a five point scale, according to the following six criteria as
adapted from the methodology for eliciting expert opinion using
the Delphi technique as outlined by Normand et al (7): meaningfulness, usefulness, potential for improvement in clinical
practices, impact on patient outcomes, feasibility of collecting
the data and overall value of inclusion. A score of one indicated the lowest rating and a score of five indicated the highest possible rating.

For the criterion of “overall value of inclusion of an indicator”, the dimensions of the scale were:
I. do not include (rating=1)
II. little reason to include (rating=2)
III. could include (rating=3)
IV. should include (rating=4) or
V. must include (rating=5).
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TABLE 1

Summary table of process of care and outcome indicators for acute myocardial infarction (AMI) and their data sources
Inpatient process of care (pharmacological) indicators

Administrative data (ADM)

Chart abstracted data (CHT)

1. Acetylsalicylic acid (ASA) prescribed within 6 h of hospital arrival

X

2. ASA prescribed at hospital discharge

X

3. Reperfusion with thrombolytics during hospitalization

X

4. Median ‘door to needle’ time for thrombolysis

X

5. Beta-blockers within 12 h of admission

X

6. Beta-blockers at hospital discharge

X

7. Angiotensin-converting enzyme (ACE) inhibitors prescribed at hospital discharge

X

8. Lipid sample obtained within 24 h of admission

X

9. Statins prescribed at hospital discharge
Inpatient process of care (nonpharmacological) indicators
1. Reperfusion using primary percutaneous coronary intervention (PCI)

X
ADM

CHT

X

X

2. Median time from door to first balloon inflation in primary PCI

X

3. Coronary angiography in-hospital or referral for angiography (test indicator*)
4. Median length of stay in emergency department

X
X

5. Median length of coronary care unit/intensive care unit stay
6. Median length of in-hospital stay
Outpatient process of care (pharmacological) indicators

X
X

X

ADM

CHT

1. Beta-blocker prescription filled within 30 days postdischarge

X

2. Beta-blocker prescription filled within 90 days postdischarge

X

3. Beta-blocker one-year adherence postdischarge

X

4. ACE inhibitor prescription filled within 30 days postdischarge

X

5. ACE inhibitor prescription filled within 90 days postdischarge

X

6. ACE inhibitor one-year adherence postdischarge

X

7. Statin prescription filled within 30 days postdischarge

X

8. Statin prescription filled within 90 days postdischarge

X

9. Statin one-year adherence postdischarge

X

Outpatient process of care (nonpharmacological) indicators

ADM

1. Physician visit within four weeks postdischarge

X

2. Median waiting time (in days) for catheterization postmyocardial infarction

X

3. Median waiting time (in days) for PCI postmyocardial infarction

X

4. Median waiting time (in days) for coronary artery bypass graft postmyocardial infarction
Outcome indicators

X

CHT

X
ADM

CHT

1. In-hospital mortality

X

X

2. 30 day mortality

X

3. One year mortality

X

4. AMI readmission rate at 30 days postdischarge

X

5. AMI readmission rate at one year postdischarge

X

6. Congestive heart failure (CHF) readmission rate at 30 days postdischarge

X

7. CHF readmission rate at one year postdischarge

X

8.Unstable angina readmission rate at 30 days postdischarge

X

9. Unstable angina readmission rate at one year post discharge

X

*Coronary angiography was classified as a test indicator due to panel uncertainty whether the data required for this indicator could be reliably abstracted from patient
hospital charts
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TABLE 2
Potential test structural (organizational) indicators for
acute myocardial infarction
1.0 General

TABLE 3
Diagnostic criteria for identifying acute myocardial
infarction (AMI) patients from hospital discharge
administrative data

1) Secondary prevention clinic and/or access to cardiac rehabilitation

A) AMI patient identification criteria

2) Standard admitting orders for CCU/ICU

1.0 Inclusion criteria

3) Presence of dedicated clinical pharmacist in CCU/ICU
4) Presence of coronary CCU or medical ICU
5) Step down unit
6) Catheterization laboratory onsite
7) Percutaneous coronary intervention capability
2.0 Thrombolysis
1) Protocol for thrombolysis in emergency department
2) Availability of thrombolytics in emergency department
3) Specialist consult not required for thrombolytic administration
These indicators may be measured by hospital survey. CCU/ICU Coronary
care unit/intensive care unit

Most responsible diagnosis of acute myocardial infarction
(International Classification of Diseases-Ninth revision code 410.x)
2.0 Exclusion criteria*
1. Not admitted to an acute care hospital
2. Age <20 or >105 years
3. Invalid health card number
4. Admitted to noncardiac surgical service
5. Transferred from another acute care facility
6. AMI coded as an in-hospital complication
7. AMI within the past year
B) AMI diagnosis clinical validation criteria
1.0 Joint European Society of Cardiology/American College of
Cardiology criteria
1. Typical rise of troponin (above upper limit of normal at

After this round of rating, the top-rated indicators, (ie, those
with a mean score of greater than 4 for the ‘overall value of
inclusion’ criterion) were considered for the second round of
discussion by the panelists. A list of indicators that were
included and excluded can be found in the appendixes to this
report at www.ccort.ca. Additional supplemental information
about the indicators is also available on the Web site.
Secondary rating of potential quality indicators
On June 27, 2001, the panelists convened for a face-to-face meeting for the second round of the Delphi panel process at the
CCORT/CCS AMI Canadian Quality Indicator Panel meeting
held in Toronto, Ontario. At this meeting, the results from the
first round of rating were presented. This was followed by an open
discussion surrounding the potential indicators. Panelists reviewed
each indicator and associated eligibility and exclusion criteria
focusing on the relevance to the Canadian environment and evidence (eg, guidelines, randomized, controlled trials), or lack thereof, to support the inclusion of the indicator. As well, the
methodology for reporting the indicator, ie, the indicator statistic,
was discussed with consideration given to Canadian regional practice variation.

Indicators were excluded if they were deemed not to be applicable or suitable for measurement in the Canadian health care
environment. Final approval of the indicator occurred by consensus.
In addition to the discussion of the process of care and outcome indicators, the following items were discussed by the
panelists at this face-to-face meeting: diagnostic, exclusion and
validation criteria for identifying AMI patients from hospital
discharge databases; structural or organizational hospital quality indicators for AMI care; important risk factors for AMI mortality; and benchmarks (ie, target levels for appropriate care)
for various process of care indicators. Consideration was given
to the data source for an indicator (chart abstraction versus
administrative data), benchmarks published in the literature
(8,9) or performance measure results previously obtained for
other quality indicators for AMI care (1).
The indicators were compiled and a follow-up conference
call was held to refine the indicators such that they could be

that hospital) or typical rise (2× upper limit of normal at
that hospital) and fall of creatine kinase isoform-MB with
at least one of the following: ischemic symptoms;
development of pathological Q waves on the ECG;
ECG changes indicative of ischemia
2. Pathological findings of AMI
*The rationale for the exclusion criteria are described in Tu et al (1999) in reference 15. Exclusion criteria obtained from health administrative data should
be applied to the identified acute myocardial infarction cohort where possible.
ECG Electrocardiogram

‘operationalized’ for the purpose of data collection from charts
or administrative databases. The indicators were also made
available on the CCS Web site for review and comments by
CCS members across Canada. Both the CCORT Steering
Committee and the CCS Executive Committee formally
approved the final version of the indicators.

RESULTS
Sixty-four potential process of care and outcome indicators
were assembled for the initial round of rating. Thirty-four indicators satisfied the “overall value of inclusion” criterion and
underwent a second round of discussion by the panel at a
national meeting. Revisions to the indicators were made at
this meeting and at the teleconference, which led to the inclusion of additional indicators to cover relevant topics in AMI
care in Canada. This resulted in 37 indicators for AMI care
(Table 1). With regard to structural indicators, 10 potential
test indicators were identified by the panel (Table 2).
Case definition criteria
Diagnostic criteria for retrospective identification of AMI
patients from administrative databases, consisted of inclusion,
exclusion and validation criteria (Table 3). Inclusion criteria
were defined as a most responsible diagnosis of AMI according to
the International Classification of Diseases-Ninth revision (ICD-9)
code 410.x. Exclusion criteria (eg, transfers from another institution) were established to avoid double counting patients and
identification of a cohort of new AMI patients. Validation of
the identified AMI cohort as true AMI patients may occur with
application of the suggested European Society of Cardiology
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TABLE 4
Specific summary definitions for acute myocardial infarction (AMI) inpatient process of care indicators
Pharmacological indicators
1.0 Acetylsalicylic acid (ASA) prescribed within 6 h of hospital arrival
Eligible

1) Confirmed AMI

Exclusions

1) Active bleeding on admission
2) History of coagulopathy
3) First platelet count <100×109/L drawn within 24 h of admission
4) Allergy to ASA
5) Documentation of ASA administration before hospital arrival
6) Physician documented reason for nonuse of ASA (eg, patient refusal)

2.0 ASA prescribed at discharge
Eligible

1) Confirmed AMI and alive at discharge

Exclusions

1) Evidence of i. Active bleeding on admission or
ii. Active bleeding during hospitalization
2) History of i. Coagulopathy or
ii. Platelet count <100×109/L
3) Allergy to ASA
4) Prescribed other antiplatelet agent at discharge (eg, clopidogrel, ticlopidine)
5) Physician documented reason for nonuse of ASA (eg, patient refusal)

3.0 Reperfusion using thrombolytics during hospitalization
Eligible

1) AMI as proposed by European/ACC criteria: i. ST segment elevation on initial electrocardiogram (ECG); or ii. LBBB on initial ECG

Exclusions

1) Did not have chest pain or other AMI symptoms <12 h before hospital arrival
2) Active (any) bleeding on admission
3) Recent surgery in the past month
4) Recent trauma in the past month
5) Recent cardiopulmonary resuscitation
6) History of coagulopathy
7) History of stroke
8) Physician documented reason for nonuse of thrombolytics (eg, patient refusal, cancer, severe uncontrolled hypertension)

4.0 Median ‘door to needle’ time for thrombolysis
Eligible

1) Received thrombolytics within 12 h of admission

Exclusions

1) None

5.0 Beta-blockers within 12 h of admission
Eligible

1) All AMI patients

Exclusions

1) Allergy or intolerance to beta-blocker
2) Bradycardia (heart rate <60 beats/min) on admission and not on beta-blocker
3) Symptomatic heart failure on admission
4) Systolic blood pressure <100 mmHg at admission
5) PR interval >0.24 s on admission ECG
6) Second or third degree heart block on admission ECG
7) Bifascicular block on admission ECG
8) Severe chronic obstructive pulmonary disease
9) Asthma
10) Taking beta-blocker preadmission
11) Physician documented reason for nonuse of beta-blocker (eg, patient refusal, symptomatic hypotension)

6.0 Beta-blockers at discharge
Eligible

All patients with AMI alive at discharge

Exclusions

1) Congestive heart failure and on diuretic (unless measured left ventricular ejection fraction >50%)
2) Systolic blood pressure <100 mmHg at discharge
3) Severe COPD
4) Asthma
5) Bradycardia (heart rate <60 beats/min) at discharge
6) Conduction disorder defined as:
i. first degree atrioventricular block (PR interval >0.24 s on last ECG);
ii. Second or third degree heart block on last ECG;
iii. bifasicular block on last ECG
7) Allergy or intolerance to beta-blocker
8) Physician documentation of reason for nonuse of beta-blocker (eg, symptomatic hypotension, patient refusal)
continued on next page
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TABLE 4 (CONTINUED)
Specific summary definitions for acute myocardial infarction (AMI) inpatient process of care indicators
Pharmacological indicators
7.0 Angiotensin-converting enzyme (ACE) inhibitors prescribed at discharge
Eligible

1) All AMI patients discharged alive
2) Past or current clinical features of heart failure
3) Anterior infarction
4) Ejection fraction <40% or left ventricular grade ≥III out of IV

Exclusions

1) Moderate or severe aortic stenosis
2) Allergy or intolerance to ACE inhibitors
3) Severe renal dysfunction (ie, peak or last prehospital discharge serum creatinine level >200 µmol/L)
4) Systolic blood pressure <100 mmHg at discharge
5) Bilateral renal artery stenosis
6) Hyperkalemia (ie, peak or last prehospital discharge K+ >5.5 mmol/L)
7) Physician documented reason for nonuse of ACE inhibitor at discharge (eg, patient refusal, symptomatic hypotension)

8.0 Lipid sample obtained within 24 h of admission
Eligible

1) All AMI patients

Exclusions

1) Patients already on lipid-lowering agents preadmission

9.0 Statins at discharge
Eligible

1) AMI patients discharged alive

Exclusions

1) Liver disease

2) Total serum cholesterol level on admission >5.2 mmol/L or LDL > 3.4 mmol/L
2) Patients with cholestasis
3) Patients on fibrates at risk of rhabdomyolysis
4) Physician documented reason for nonuse of statin (eg, patient refusal)
Nonpharmacological indicators
1.0 Reperfusion using primary percutaneous coronary intervention (PCI) (to be measured in hospitals with the capabilities)
Eligible

1) AMI as proposed by European/ACC criteria: i) ST segment elevation on initial electrocardiogram (ECG) or ii) LBBB on initial
ECG

Exclusions

1) Did not have chest pain or other AMI symptoms <12 h before hospital arrival
2) Primary PCI considered but patient refused
3) Physician documented reason for nonuse of PCI procedure (eg, renal failure)
4) Suspected aortic dissection
5) Use of thrombolytics

2.0 Median time from door to first balloon inflation in primary PCI
Eligible

Received primary PCI within 12 h of admission

Exclusions

1) None

3.0 Coronary angiography in-hospital or referral for angiography (test indicator)
Eligible

1) All AMI patients postinfarction with
i. recurrent ischemia (chest pain at rest ≥20 min);
ii. high-risk positive stress test (≤7 METS) or positive within first 3 min of Bruce protocol;
iii. shock;
iv. mechanical complications (eg, acute mitral regurgitation, ventricular septal defect)

Exclusions

1) Hepatic failure
2) Metastatic cancer
3) Terminal illness
4) Do not resuscitate order
5) Severe neurological deficit (eg, decorticate or decerebrate posturing or lack of motor response)
6) Physician documented reason for nonuse of angiography (eg, patient refusal)

4.0 Median length of stay in emergency department
Eligible

All AMI patients admitted to hospital emergency department

Exclusions

None

5.0 Median length of coronary care unit stay
Eligible

All AMI patients admitted to coronary care unit

Exclusions

None

6.0 Median length of in-hospital stay
Eligible

All AMI patients admitted

Exclusions

None
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TABLE 5
Proposed benchmarks for various process indicators.
Target level refers to the proposed minimum target level,
among ideal candidates for an intervention (ie, patients who
meet both eligibility and exclusion criteria for each quality
indicator)
Process of care
quality indicators

Minimum target level
in ideal candidates
≥90%

1) Acetylsalicylic acid (ASA)
within 6 h of hospital admission

Outcome indicators
Mortality rates, length of stay and readmission rates were chosen as outcome indicators because of their clinical importance
and their potential responsiveness to evidence-based care
(Table 1). This information will primarily be available from
linked administrative databases.

≥90%

2) ASA prescribed at hospital
discharge

≥85%

3) Reperfusion with thrombolytics
during hospitalization

≤30 min

4) Median ‘door to needle’ time for
thrombolysis

≥85%

5) Beta-blocker within 12 h of
hospital admission
6) Beta-blocker at hospital discharge

≥85%

7) ACE inhibitor at hospital discharge

≥85%

8) Lipid sample obtained within

≥85%

24 h of admission
≥70%

9) Statin at discharge
ACE Angiotensin-converting enzyme

and American College of Cardiology criteria (10) obtainable
from chart abstraction.
Process of care indicators
Inpatient process of care indicators: Inpatient process of care
indicators were selected on the basis of routine AMI patient
management consistent with the 1999 American College of
Cardiology/American Heart Association guidelines (9) and
the 1994 CCS Consensus Conference on Coronary
Thrombolysis (11,12) as much as possible (Table 4). These
indicators were further categorized as pharmacological and
nonpharmacological indicators. The greater number of pharmacological indicators reflects the importance of drug therapy
in AMI management and the strong scientific basis for these
therapies. The panel did not include measurement of acetylsalicylic acid (ASA) prescriptions and adherence postdischarge
with existing administrative databases because this could lead
to underestimations of ASA use due to the nonprescription
availability of ASA. Notably, for nonpharmacological indicators, median length of stay in the emergency department was
added as an important Canadian process of care indicator, given emergency department overcrowding occurring, in many
parts of the country. As well, to capture infrequent but important reasons why a physician may not prescribe a therapeutic
intervention, any physician-documented reason was included
as an exclusion criterion.
Outpatient process of care indicators: These indicators were
also categorized as pharmacological or nonpharmacological
indicators (Table 1). As observed for the inpatient process of
care indicators, there was an emphasis on secondary prevention with drug therapy. With regard to nonpharmacological
indicators, median waiting times for cardiac catheterization,
and rates of percutaneous coronary intervention and coronary artery bypass graft surgery were included as indicators
particularly relevant to the Canadian environment. Linked
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administrative databases will be required to measure these
indicators.

Benchmarks
Benchmarks for all inpatient process of care pharmacological
indicators were established (Table 5) (13). These proposed
benchmarks reflect the minimum proportion of AMI patients
who are ‘ideal candidates’ (do not have any exclusion criteria)
who the panelists believed should receive a particular intervention. For example, a minimum of 90% of ideal ASA candidates should receive ASA within 6 h of hospital admission.
Statins at discharge had a lower target level than the other
indicators because some patients may appropriately receive
statin prescriptions postdischarge rather than at the time of
hospital discharge.
Structural indicators
Structural indicators for institutions providing care to AMI
patients are presented in Table 2. These indicators reflect other important aspects of AMI care related to the functioning of
institutional facilities, or presence of standardized protocols
and patient education. It is intended that these indicators will
be measured via hospital surveys, because complete information is not likely to be available from chart abstraction or
administrative databases. The panelists believed that the presence of many of these structural attributes at a hospital may
lead to better patient outcomes and recommended that these
attributes be ‘test indicators’ at this time because uncertainty
exists whether many of these indicators definitively lead to
better patient outcomes. They also recognized that further
study of these indicators would be required.

DISCUSSION
The selection of AMI quality indicators tailored to the
Canadian environment is a critical first step toward the goal of
improving the quality of AMI care in Canada. These indicators are distinct from previously published indicators in the
United States (1) and Australia (8,14), which have focused
primarily on processes of care as opposed to outcome indicators. These indicators also reflect the unique population-based,
administrative data available in Canada that permits more
detailed quality measurements. Other notable differences can
be seen with the eligibility and exclusion criteria for each individual indicator (data not shown). In particular, physiciandocumented reason for nonuse of a therapy was adopted for
many of these indicators to capture other reasons why a particular therapy may not be given.
Realizing that there are a large number of Canadian indicators, an attempt was made to strike a balance between the
comprehensive eligibility and exclusion criteria established
by the Cooperative Cardiovascular Project (CCP) (1) in
the United States and the less comprehensive West
Moreton Coronary Outcomes Program (WESTCOP) indicators developed in Australia (8). This will lead to more
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efficient data abstraction processes for clinicians and hospitals
who wish to use these indicators for quality improvement
initiatives.
Users of these indicators will likely want to apply a subset of
the indicators depending on their particular interests. For
example, for local hospitals, clinicians may want to focus on
measuring thrombolytic or beta-blocker use in ideal patients.
In contrast, researchers comparing AMI care across regions
may want to use the administrative data-based indicators if the
data are available.
A few caveats about these indicators should be noted.
Although the indicators were intended to reflect care provided in
the community setting, the panelists recognized that all possible
valid reasons for not performing an intervention as identified in
the exclusion criteria may not be documented in the charts.
Thus, target benchmarks were set for less than 100% among ‘ideal
candidates’ for an intervention. There is still uncertainty regarding the optimal achievable level for many of these outcomes;
therefore, outcome benchmark targets are not defined.
It is also recognized that suggested ‘target’ levels may not be
achievable at all hospitals in the country. For example, barriers
such as lack of access to echocardiography, cardiac catheterization facilities or reimbursement, may limit the performance of
some hospitals for some indicators. Thus, the application of
the indicators and the benchmarks can be tailored to local or
regional conditions.
Nevertheless, the panel believed that the indicator targets
should reflect ‘optimal’ care for patients as opposed to setting
lower standards that may encourage suboptimal care. It is
anticipated that once these indicators are employed and
benchmarks are measured, a review of the target levels will
take place to determine whether they are feasible. As well,
ongoing revisions to indicator definitions will need to take
place with the publication of new scientific data or practice
guidelines.

CONCLUSIONS
We have identified a unique Canadian set of quality indicators
for the care of AMI patients. We hope these indicators will
prove to be useful in highlighting opportunities for improving
the treatment and outcomes of AMI patients throughout
Canada.
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CCORT/CCS quality indicators for congestive heart failure care.
Originally published in Can J Cardiol 2003;19(4):357-364.
BACKGROUND: Quality indicators are measurement tools for
assessing the structure, processes and outcomes of care. Although
quality indicators have been developed in other countries, Canadian
cardiovascular disease indicators do not exist.
OBJECTIVE: To develop quality indicators for measuring and
improving congestive heart failure (CHF) care in Canada.
METHODS: An 11-member multidisciplinary national expert panel
was selected from nominees from national medical organizations.
Potential quality indicators were identified by a detailed search of published guidelines, randomized trials and outcomes studies. A two-step
modified Delphi process was employed with an initial screening round
of indicator ratings, followed by a national quality indicator panel meeting, where definitions of the indicators were developed using consensus
methods. Indicators were designed to be measurable, using retrospective
chart review and linking existing administrative databases.
RESULTS: The case definition criterion was developed based on
a discharge diagnosis of CHF (International Classification of Diseases,
9th revision [ICD-9] code 428.x), with diagnostic confirmation
using clinical criteria. In total, 29 indicators and five test indicators
were recommended. Process indicators included prescription for
angiotensin-converting enzyme inhibitors, beta-blockers or warfarin
(for atrial fibrillation) at hospital discharge. Nonpharmacological
in hospital process indicators included evaluation of left ventricular
function, weight measurement and selected patient education counselling instructions. Process indicators in the ambulatory setting
included prescription and adherence to drug therapies and physician
follow-up. Outcome indicators included mortality, readmissions and
emergency visits.
CONCLUSIONS: A set of Canadian quality indicators for CHF
care encompassing organizational attributes, pharmacotherapy, investigations, counselling, continuity of care and disease outcomes has
been developed. These quality indicators will serve as a foundation
for future studies evaluating the quality of CHF care in Canada.

Key Words: Canadian health system; Congestive heart failure; Health
care delivery; Health outcomes; Health policy; Population health

Les indicateurs de qualité du CCORT et de la
SCC pour les soins secondaires à une insuffisance cardiaque congestive
HISTORIQUE : Les indicateurs de qualité sont des outils de mesure servant à évaluer la structure, les processus et les issues des soins. Bien que
des indicateurs de qualité aient été mis au point dans d’autres pays, il
n’existe pas d’indicateur de maladies cardiovasculaires au Canada.
OBJECTIF : Élaborer des indicateurs de qualité pour mesurer et améliorer les soins secondaires à une insuffisance cardiaque congestive (ICC) au
Canada.
MÉTHODOLOGIE : Un groupe multidisciplinaire national d’experts,
composé de 11 membres, a été sélectionné parmi les candidats d’organisations médicales nationales. Des indicateurs de qualité potentiels ont été
repérés au moyen d’une recherche détaillée des publications de directives,
d’essais aléatoires et d’études d’issues. Un processus Delphi modifié en
deux étapes a été utilisé avec une première série d’évaluations d’indicateurs et a été suivi d’une réunion du groupe national sur les indicateurs de
qualité, au cours de laquelle des indicateurs ont été élaborés au moyen de
méthodes consensuelles. Les indicateurs ont été conçus pour être
mesurables, au moyen d’examens rétrospectifs des dossiers et de liens avec
les bases de données administratives existantes.
RÉSULTATS : Le critère de définition de cas a été élaboré d’après un
diagnostic d’ICC au congé hospitalier (Manuel de la classification statistique internationale des maladies, traumatismes et causes de décès,
9e révision [CIM-9], code 428.x), la confirmation diagnostique étant
obtenue au moyen de critères cliniques. Au total, 29 indicateurs et cinq
indicateurs d’examen ont été recommandés. Les indicateurs de processus
incluaient une ordonnance d’inhibiteurs de l’enzyme de conversion de
l’angiotensine, de bêtabloquants ou de warfarine (contre la fibrillation
auriculaire) au congé de l’hôpital. Les indicateurs de processus hospitalier
non pharmacologiques incluaient l’évaluation de la fonction ventriculaire
gauche, la mesure de poids et des directives sélectionnées de counseling
pour informer les patients. Les indicateurs de processus en clinique
externe incluaient l’ordonnance et le respect de la médicothérapie et du
suivi auprès du médecin. Les indicateurs d’issue incluaient la mortalité, les
réhospitalisations et les consultations d’urgence.
CONCLUSIONS : Un ensemble canadien d’indicateurs de qualité pour
les soins secondaires à une ICC a été élaboré, incluant les caractéristiques
organisationnelles, la pharmacothérapie, les explorations, le counseling,
la continuité des soins et les issues des maladies. Ces indicateurs de qualité serviront de fondements aux futures études visant à évaluer la qualité
des soins secondaires à une ICC au Canada.
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he Canadian Cardiovascular Outcomes Research Team
(CCORT) was formed in 2001, funded by an operating
grant from the Canadian Institutes of Health Research
Interdisciplinary Health Research Teams program and the
Heart and Stroke Foundation of Canada. The primary objective of CCORT is to conduct studies to measure and improve
the outcomes of acute myocardial infarction patients, congestive heart failure (CHF) patients and patients undergoing
cardiac procedures in Canada. To accomplish these goals, the
CCORT investigators set out to develop, in collaboration
with the Canadian Cardiovascular Society (CCS), a series of
quality indicators that could serve as a foundation for future
studies of cardiovascular care in Canada.
Quality indicators assess health care structure, processes
and outcomes (1). Structure refers to static or technical
aspects (eg, attributes of service providers or organizational
characteristics) of care. Process refers to the steps taken in
caring for the patient, and outcome refers to the impact on the
health status of patients or populations. Indicators are distinct
from practice guidelines because they are intended to measure
aggregate practice patterns as compared with guidelines,
which suggest optimal practice for individual patients.
Previous efforts in the CHF quality indicator field have been
based primarily in the United States. The RAND organization
and the American College of Cardiology/American Heart
Association (ACC/AHA) have developed CHF-specific
indicators (2,3) using the methods of appropriateness rating
and expert consensus, respectively (4). The National Heart
Failure Quality Improvement Project and the Joint
Commission on Accreditation of Healthcare Organizations
(JCAHO) have also developed guideline-based quality
indicators and have measured them using primary data
abstraction (5,6). These indicators were based on recommendations from the Agency for Health Care Policy and Research
and the ACC/AHA CHF Task Force Report guidelines (7,8).
Due to the important differences between the Canadian and
American health care systems (9,10), this project’s aim was to
develop indicators that could be used by clinicians and
researchers to measure the quality of CHF care in Canada.
Although these indicators will require modification over time,
the CCORT investigators hope that this document can serve as
a starting point for future studies in the area. The indicators
were intended to reflect the standard of care in Canada in 2001
and to be concordant with the new CCS CHF guidelines (11).

T

METHODS
Panel composition
Nominations for members of a Canadian CHF quality indicator
expert panel were requested from the Heart and Stroke
Foundation of Canada, Canadian Society of Internal Medicine,
College of Family Physicians of Canada and the CCS. A clinical
expert (PPL) and a methodologist (JVT) were selected as
co-chairs. Panel composition was intended to represent a diverse
multidisciplinary background, with representation from academic
and community physicians, and a broad geographic distribution.
The panel consisted of 11 members. One panel cochair (PPL) had
previously chaired the 2000 CCS heart failure guidelines committee (11). The panel members included a family physician, heart
failure clinical nurse, doctor of pharmacy, general internist and
seven cardiologists with an interest in CHF. The panel had broad
Canadian representation from Alberta, Nova Scotia, Quebec and

Ontario, and from urban teaching centres and rural health centres.
Expertise in quality indicator development was provided by a
panelist from the Yale New Haven Health System, Yale
University, Connecticut (MR), who had participated in the
development of quality indicators in the United States.

Previous indicators and guidelines
A literature search was conducted with a focus on randomized
controlled trials and clinical guidelines. Heart failure guidelines
from the United States and Canada were reviewed for recommendations in management and pharmacological therapy (7,8,11-16).
Previously employed heart failure quality indicators (2,3,5,6) were
identified by searching existing medical literature databases
(MEDLINE, EMBASE, HealthSTAR using OVID technology),
personal files and internet-based data sources. Previously developed quality indicators that were identified included those devised
by the National Heart Failure Quality Improvement Project
(funded by the US Health Care Financing Administration),
JCAHO, ACC/AHA, Large State Peer Review Organization
Consortium and RAND (2,5-7,17).
Based on the above data sources, potential indicator definitions,
with appropriate inclusion and exclusion criteria, were developed
for the purpose of identifying an ideal subset of patients for each
potential indicator. Ideal patients are those who meet eligibility
criteria for an intervention and have no contraindications to that
intervention. The lists of exclusion criteria were supplemented by
reviewing protocols of landmark randomized trials of CHF (18-37).
The literature was also searched for previously published criteria for
case definitions, which could be applied to chart abstraction of
heart failure cases. Previously, studies examining outcomes were
reviewed to ascertain important mortality/morbidity outcomes
relevant to CHF (38-47).

Preliminary rating of indicators
The expert panel rated 46 potential process and 14 potential
outcome indicators, using a web-based indicator rating form.
Indicators had to be measurable using either retrospective chart
review or linked administrative data sets.
Panelists were asked to rate each potential indicator for its
meaningfulness, usefulness, potential for improvement in clinical
practices, impact on patient outcomes, feasibility of data collection
and overall assessment. These dimensions of rating were adapted
and modified from previously published position papers on quality
indicator development (48). The rating scale for each dimension
was a five-point Likert scale, with a score of 5 for the highest
possible rating (49). For the overall assessment, the strength of
the indicator score ranged from do not include (rating=1), little
reason to include (rating=2), could include (rating=3), should include
(rating=4) to must include (rating=5). The prespecified criterion
for inclusion of potential indicators beyond the initial round was a
mean overall rating greater than or equal to 4.0 although indicators with lower overall scores were also considered if panelists felt
they were important (see appendixes at www.ccort.ca for a list of
potential indicators and initial rating scores).

Panel meeting
The second round of the process was convened at the National
Congestive Heart Failure Canadian Quality Indicator Panel
Meeting moderated by the panel co-chairs. The presentation of
first-round summary indicator scores was followed by discussion
of potential indicator definitions.
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TABLE 1
Proposed criteria for identifying congestive heart failure (CHF) patients from hospital administrative data. The validity
of a final coded diagnosis of CHF using administrative data can be assessed using either the Framingham criteria
or Carlson scoring system
Inclusion criteria (administrative data)
1.0

Most responsible ± primary/secondary diagnosis of heart failure (ICD-9 428.x)

Exclusion criteria
1.0

Not admitted to an acute care hospital

2.0

Age <20 or >105 years

3.0

Invalid health card number

4.0

Transferred from another acute care facility

5.0

CHF coded as in hospital complication

6.0

CHF admission within the past three years

7.0

Admitted to surgical service

CHF diagnosis clinical validation criteria (chart review)
Criterion 1

Framingham (two major or one major + two minor) (50)
Major: PND, orthopnea, neck vein distension, elevated JVP, rales, cardiomegaly (radiographic), pulmonary edema, third heart
sound, positive HJR
Minor: edema, nocturnal cough, dyspnea, hepatomegaly, pleural effusion, tachycardia, weight loss in response to diuretics

Criterion 2

Carlson (eight to 12 definite, five to seven possible, four or less unlikely) (51)
History: rest dyspnea, orthopnea, PND, dyspnea on exertion
Physical examination: increased heart rate, elevated JVP, crackles, wheeze, third heart sound
Radiographic: alveolar pulmonary edema, interstitial pulmonary edema, bilateral pleural effusions, cardiothoracic ratio >0.50, upper zone
vascular redistribution

ICD International classification of diseases, 9th revision; JVP Jugular venous pulse; HJR Hepatojugular reflux; PND Paroxysmal nocturnal dyspnea

During the panel discussions, attempts were made to obtain
opinions from all panelists and to avoid predominant discussion
by individual panel members. Indicators and their definitions
were only approved if a strong majority (ie, eight of 11) of the
panelists agreed.

Secondary review
A postpanel mailing of the CHF quality indicators to panel
members was followed by a teleconference to reach a final consensus on previously discussed issues surrounding the definitions. The
indicators were also posted on the CCS Web site for secondary
review by CCS members from across Canada.

RESULTS
A summary of the indicators is presented here. Detailed
indicator definitions are available in a series of appendixes
(http://www.ccort.ca) for readers who would like to use them in
research studies or assessments of clinical practice.
Case definition criteria
The recommended criterion for retrospectively identifying
heart failure cases was a most responsible or primary/secondary diagnosis of heart failure by the International Classification
of Diseases, 9th revision code (ICD-9 428.x) in the Canadian
Institute for Health Information hospital discharge abstract
database. In hospitals with only a small number of cases, the
inclusion of discharges coded with a primary/secondary diagnosis of CHF would result in an increase in the number of
potential CHF cases, although some of these may be false positive (not true CHF case). It was recommended that charts be
reviewed to ensure patients have symptoms and signs consistent with the clinical criteria for CHF adapted from the
Framingham study (50) or Carlson et al (51). These criteria
include elements of history, physical examination and chest
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radiography (Table 1), which need to be collected by chart
review. Comparatively, of the clinical CHF validation
methods, the Framingham criteria are more frequently referenced in the literature (39,46,52,53), although the panel
felt that the Carlson criteria were more clinically oriented.
Recommended exclusion criteria are shown in Table 1.
Exclusion criteria included any CHF admission in the three
years before the index admission, which was termed the
‘washout’ period. The washout period recommended by the
panel represented a balance between identification of a hospitalization-naïve cohort and preservation of sample size,
particularly in small- to medium-sized regions. Transfers
from another acute care hospital were excluded to avoid
improper attribution of outcome to any specific hospital,
because it would be unclear to what extent any outcome
(favourable or adverse) would be attributed to the sending
or receiving hospital.
A summary list of the CCORT/CCS quality indicators is
shown in Table 2 and specific details are described below.
Inpatient process indicators
The recommended process indicators were (i) angiotensinconverting enzyme (ACE) inhibitor prescribed at hospital discharge; (ii) beta-blocker prescribed at discharge; (iii) warfarin
for atrial fibrillation; (iv) left ventricular function evaluated in
hospital; (v) weights measured on at least 50% of hospital stay
days; and (vi) discharge instructions to patient or surrogate. At
the panel meeting, spironolactone and angiotensin receptor
blocker indicators were removed from the final set of indicators
because of difficulties in identifying inclusion/exclusion criteria
(spironolactone) or limited evidence (angiotensin receptor
blocker) supporting their role in CHF management. Specific
detailed-inclusion/exclusion criteria for selected pharmacological indicators are shown in Table 3.
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TABLE 2
Summary of congestive heart failure (CHF) quality indicators
Data source
CHF quality indicator summary
Structure

Administrative data

Coordinated program of ambulatory CHF care

Chart data
x

Coding accuracy of heart failure discharge abstracts

x

x

Care by specialist (test*)

x

x

Standing admission orders for CHF (test*)

x

Process

ACE inhibitor prescription at hospital discharge

x

(inpatient)

Beta-blocker at hospital discharge

x

Warfarin at hospital discharge for atrial fibrillation

x

LV function evaluation before or during admission

x

Weights measured/recorded ≥50% of in hospital days

x

Discharge instructions regarding discharge medications

x

Discharge instructions regarding salt/fluid restriction

x

Discharge instructions regarding daily weight monitoring

x

Discharge instructions regarding symptoms of worsening heart failure

x

Discharge instructions regarding follow-up appointment

x

Length of hospital stay

x

Process

ACE inhibitor prescription within 90 days of discharge

x

(outpatient)

One-year ACE inhibitor adherence after discharge

x

Beta-blocker prescription within 90 days of discharge

x

Outcomes

One-year beta-blocker adherence after discharge

x

One-year spironolactone adherence after discharge

x

Warfarin for atrial fibrillation within 90 days of discharge

x

One-year adherence with warfarin after discharge

x

LV function evaluation within one month of discharge in those not assessed before or during admission (test*)

x

Follow-up provider visit within four weeks of discharge

x

In-hospital mortality

x

30-day mortality

x

One-year mortality

x

All-cause readmission rate within 30 days of discharge

x

CHF readmission rate within 30 days of discharge

x

CHF readmission rate within one year of discharge

x

ED visits for CHF within 30 days of discharge (test†)

x

ED visits for CHF within one year of discharge (test†)

x

Any cardiovascular ED visit within 30 days of discharge

x

Any cardiovascular ED visit within one year of discharge

x

x

x

*Test indicator: quality indicator that has not been incorporated in published guideline or for which it is uncertain whether the process of care can be feasibly and
reliably measured or uncertain whether it is amenable to quality improvement efforts; †Test outcome indicator: outcome indicator for which it is uncertain whether it
can be feasibly, accurately and reliably assessed or uncertain whether it is amenable to quality improvement efforts; ACE Angiotensin-converting enzyme; ED
Emergency department; LV Left ventricular. Precise definitions for each indicator are available on the Canadian Cardiovasular Outcomes Research Team Web site
(www.ccort.ca)

The nonpharmacological inpatient process indicators
(Table 2) included left ventricular function assessment in
hospital for all patients unless evaluated and documented
previously. The panel agreed that discharge instruction
regarding essential critical information should comprise five
independent quality indicators – salt/fluid restriction, weight
monitoring, recognition and actions advised for worsening
heart failure symptoms, follow-up appointment and medication
counselling – although they recognized that chart documentation of these instructions may be suboptimal.
Outpatient process indicators
Potential indicators that were recommended included
ACE inhibitor, beta-blocker or warfarin prescription within
90 days of hospital discharge. One-year adherence for the
above therapies (including spironolactone) was also considered important. These indicators will need to be measured

through record linkage of hospital discharge databases to
pharmacy claims databases.
Structural indicators
Organizational and structural quality indicators included
presence of coordinated programmes for ambulatory CHF care
(eg, heart failure clinics or an equivalent program of surveillance, monitoring, access to health professionals and patient
education). The quality of CHF coding, determined by the
proportion of patients who qualify as CHF cases based on
clinical criteria (50,51), was a highly rated indicator.
Heart failure outcomes
A number of important outcomes were deemed potentially
reflective of quality of CHF care and included mortality,
all-cause readmissions, CHF readmissions and length of stay.
Any cardiovascular emergency department visit within 30 days
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TABLE 3
Detailed congestive heart failure (CHF) process indicator
eligibility and exclusion criteria
ACEI prescription at discharge
Eligible

LV systolic dysfunction (EF <40% or equivalent grade)

Exclusions

Contraindications to ACEI

Discharged alive

TABLE 4
Recommended target levels for congestive heart
failure process indicators in ideal patients (patients
with no contraindication to an intervention)
Minimum target
level (%)

Indicator
ACEI at discharge

≥85

Beta-blocker at discharge*

≥50

Bilateral renal artery stenosis

Warfarin for atrial fibrillation at discharge

≥85

Angioedema, hives, severe rash, other allergy or

LV function in hospital or before admission

≥75

Weighed ≥50% of days

≥90

Discharge instruction regarding medication

≥90

Discharge instruction regarding salt/fluid restriction

≥90

Discharge instruction regarding daily weights

≥90

Discharge instruction regarding symptoms of worsening

≥90

Discharge instruction regarding follow-up appointment

≥90

Follow-up provider visit within four weeks postdischarge

≥90

Moderate or severe aortic stenosis

intolerance to ACEI use
Hyperkalemia (K+ >5.5 mmol/L)
Hypotension (SBP <90 mmHg)
Renal dysfunction (creatinine >200 µmol/L)
Physician documentation of reason for nonuse
(eg, patient refusal)
Enrolled in clinical trial testing alternatives to ACEI
Beta-blocker for heart failure at discharge
Eligible

LV systolic dysfunction (EF <40% or equivalent grade)
Discharged alive

Exclusions

Conduction system disease

*It was recognized that this intervention may be more appropriately started in
the outpatient setting. ACEI Angiotensin-converting enzyme inhibitor; LV Left
ventricular

Symptomatic bradycardia (HR <60 beats/min) not on
beta-blocker
Bifascicular block
PR interval prolongation (>0.24 s)
2nd or 3rd degree AV block
Hypotension
Asthma
Severe obstructive lung disease

definitions. Targets for outcomes and outpatient process
indicators were not developed because of uncertainty regarding
the optimal achievable level of certain outcomes at present,
and difficulty in identifying drug contraindications using
administrative data, respectively.

Physician documentation of reason for nonuse
(eg, patient refusal)
Allergy or intolerance to beta-blocker
Warfarin at hospital discharge for atrial fibrillation
Eligible

Atrial fibrillation during the index admission documented
in chart OR principal or secondary discharge
diagnosis of atrial fibrillation in administrative data
Discharged alive

Exclusions

Contraindication to warfarin
Any documented bleeding episode
Liver disease
Uncontrolled seizure disorder
History of frequent falls
Inability to cooperate with treatment regimen
Pregnancy
Physician documentation of reason for nonuse
(eg, patient refusal)
Allergy or intolerance to warfarin

ACEI Angiotensin-converting enzyme inhibitor; AV Atrioventricular; EF Ejection
fraction; HR Heart rate; LV Left ventricular; SBP Systolic blood pressure

or within one year of discharge was identified. Emergency
department visits may be difficult to measure accurately using
existing administrative databases, although it is anticipated
that these databases will improve in the future.
The recommended benchmark/target values for optimal
performance on selected inpatient process indicators in ideal
patients are shown in Table 4. These targets were set at less
than 100%, in recognition of the fact that contraindications
to an intervention are not always captured in the indicator
210

DISCUSSION
The CCORT/CCS CHF quality indicators are the first set of
CHF-specific indicators developed specifically for use in the
context of the Canadian health care system. These indicators
are distinct from other CHF indicator projects (5,6) in their
breadth and scope because of the inclusion of quality indicators
encompassing outpatient processes and the range of outcomes.
The intent of developing these indicators was to identify a
highly ‘measurable’ level of care delivered to CHF patients, as
defined by a national expert panel. It is anticipated that these
indicators should be useful to clinicians, researchers and others
who want to assess the quality of CHF care provided in
Canada, and potentially to users in other countries as well.
These quality indicators address the structure, process and
outcomes of CHF care. The structural quality indicators
embody concepts of continuity of health services, access to
health care and patient education. These concepts are pillars of
heart failure clinics, which have been shown to reduce rehospitalization (54-57) and decrease costs of CHF care (55,56). It
was recognized that similar goals might be achieved in equivalent programs that stress patient education and continuity of
care from hospital discharge as alternatives to structured heart
failure clinics.
Processes of care for hospitalized patients include the
assessment of left ventricular function, which may help to
differentiate heart failure with low left ventricular ejection
fraction from that with preserved systolic function. Based on
the multiplicity of randomized trial evidence, the expert
consensus panel viewed the initiation of ACE inhibitors,
beta-blockers or warfarin (for atrial fibrillation) by the time
of hospital discharge as important therapeutic processes
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that may improve outcomes in CHF care. Before hospital
discharge, the importance of instructing patients about five
crucial elements that could potentially affect outcome was
also identified (Table 2).
The exclusion criteria proposed in indicator definitions
were moderately conservative. It is expected that some patients
may receive an intervention even though they are not ideal
candidates for the intervention. Panelists who were heart
failure specialists stated that their normal practice would be to
aggressively institute the above therapies even in the presence
of relative contraindications. However, the panel erred on the
side of conservatism, recognizing that most heart failure
patients would be managed by generalists, and in consideration
of the potential implications for institutional or regional
quality assessments.
In the ambulatory patient who has been discharged from
hospital, the importance of ACE inhibitor, beta-blocker or
warfarin (for atrial fibrillation) prescription and adherence
with therapy was identified. These indicators require access to
pharmaceutical benefit administrative databases, which are
available in many jurisdictions in Canada. These outpatient
quality indicators are relatively unique to the Canadian CHF
indicators and are important because of disease chronicity,
change in health service delivery from the inpatient to the
ambulatory setting and medication adherence.
The outcomes were considered to be important indicators
because they are potentially modifiable by improvements in
structure and process of care, and focused on mortality and
hospital readmissions. The timing of outcomes considered the
demography of community-based patients and the comorbidities
that they may possess. Other important outcome indicators,
including quality of life and patient satisfaction, were considered
to be outside the scope of this endeavour, being very difficult to
measure on a large scale.
Quality indicators may be used to describe and measure the
quality of care delivered to patients by physicians, hospitals
and organizations. The effect of quality improvement efforts
(eg, report cards, educational programs or direct physician
feedback) may potentially be measured using these parameters.
Benchmarks for appropriate levels of implementation of quality
indicators may help identify outlier regions or institutions that
require improvement, and may help increase understanding of
factors contributing to variations in disease outcomes. Quality
indicators may also be used to assess adherence to clinical
practice guidelines on an aggregate level and to target areas for
quality improvement efforts.
Quality indicators are a relatively new method by which
clinicians and researchers can begin to evaluate the care
being provided and are based on high quality randomized
trials, practice guidelines and outcomes studies. There are
limitations to the generalizability of randomized clinical trials
and, in the absence of sufficient outcomes data, there is
potential for inaccuracy in some quality indicator definitions.
As new evidence becomes available, the indicators may be
modified to reflect current evidence-based practice. The
precise nature of the definition of quality indicators may lend
the impression that individual practice, which deviates from
indicator recommendations, is in error. However, there may
be situations where other extenuating circumstances explain
why a particular intervention was not performed. Thus, these
indicators should not be used for medicolegal purposes
because of these limitations. They are intended primarily for

the quantitative assessment of CHF care for quality improvement purposes.

CONCLUSIONS
Canadian quality indicators for heart failure care have been
developed. Quality indicators for heart failure may potentially
be employed to detect both strengths and weaknesses in existing
practice patterns, and serve as a foundation for interprovincial,
interregional and interhospital comparative studies of quality of
care. Selected indicators may also assist in local hospital quality
improvement initiatives and guide physician education
programs. The CCORT investigators hope that these indicators
will have a beneficial impact on health care delivery in Canada
and welcome feedback from Canadian physicians on their
experience using these indicators.
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