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Abstract

Little is known about the relative cost-effectiveness (CE) of different cardiac rehabilitation (CR)
program designs and how CE is influenced by a patient’s clinical and demographic characteristics.
The aim of this study was to assess the 2-year incremental cost-utility of a distributed (12-month, 33
session) CR program to that of a standard (3-month, 33-session) CR program as assessed from the
perspective of the cardiac health care system. 306 Patients (mean age=58.4 years, SD+/-9.7) with
CAD were randomized to either standard or distributed CR. Program delivery costs, cardiac health
care use, QALYS were tracked over a two-year period. The standard CR intervention was found to be
dominant, resulting in both a cost saving and larger gains in QALY in the 2-years following initiation
of CR. Important differences were noted in CE of CR across cardiac risk strata and diagnosis groups,
suggesting patients may benefit from triage to available CR models.
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EXECUTIVE SUMMARY

BACKGROUND: The growing number of aging Canadians and continuing constraints on health care
resources accentuates the need to develop and disseminate cost-effective interventions for the
prevention and management of cardiovascular disease. Exercise-based cardiac rehabilitation (CR)
programs have been recognized as cost-effective interventions resulting in decreases in all-cause
mortality, improvements in patient quality of life, and cardiac risk factors compared to standard care.
Little is known about the relative cost-effectiveness of different cardiac rehabilitation program designs
and how cost-effectiveness may be influenced by patient characteristics. The evaluation of alternative
CR program delivery models will add to our understanding of how best to design and fund cardiac
rehabilitation services to maximize outcomes for patients and the health care system.

OBJECTIVES: This Master’s Thesis was designed as a three-part study with the following objectives:

(1) To summarize and evaluate published economic evaluations of cardiac rehabilitation programs and
make recommendations regarding future directions;

(2) To compare in patients with Coronary Artery Disease (CAD) a 3-month (33-session) versus a 12-
month (33-session) program of cardiac rehabilitation as measured one year following program intake
for indices of cost effectiveness;

(3) To evaluate the comparability of utility scores derived through the TTO utility measure and SF-6D
preference based index; and examine the implications of difference in utility scores on the
calculation of quality adjusted life years and the cost-utility ratios of two competing cardiac
rehabilitation interventions.

METHODS: Three linked stud methodologies were developed to meet the objectives as outlined. A
systematic review of economic literature surrounding cardiac rehabilitation was conducted and an
assessment of the methodological rigour of published studies was complete. Secondly, A prospective
randomized control trial (RCT) comparing the cost utility of standard (3-month) CR program t a 12-
month CR program over 2-years was complete. Finally a sub-study was complete using the RCT data
set, which compared the time-trade-off direct utility measure to the newly developed SF-6D preference
based utility index.

KEY FINDINGS: Seventeen trials were identified that were relevant to the economic evaluation of
cardiac rehabilitation and secondary prevention services. Support for the cost-effectiveness and cost
savings for health care systems of cardiac rehabilitation has been identified within this review. The
body of literature supporting the cost-effectiveness of cardiac rehabilitation services is characterized by
poor methodological quality. To date only one trial has provided a prospective randomized control
trial evidence of the cost-effectiveness and cost-utility of supervised cardiac rehabilitation services.

The 3-month intervention was found to be dominant ($16,228/QALY), resulting in both a savings to
the health care system and larger gains in QALY over the 2-years following initiation of CRP.
Stratified analyses suggest the standard 3-month program was a more cost-effective intervention for
higher risk and CABG patients. The 12-month program was more cost-effective for lower risk patients
and females. Important differences noted in the cost-effectiveness of CRP across cardiac risk strata
and diagnosis groups, suggesting patients may benefit form triage to available CRP models.

Poor agreement was observed between utility scores derived from the SF-6D and Time-Trade-Off,
suggesting differences in the underlying concepts they are measuring. Utility scores derived from the

Papadakis, S.
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SF-6D index displayed a larger distribution, while the TTO displayed a clustering of scores at the
lower and upper end of the scale. This study supports the ability of the SF-6D to discriminate against
small changes in the upper rage of the utility scale. The TTO and SF-6D were found to produce
comparable mean QALY gains over the 2-year assessment period.

RELEVANCE: This study is the first full economic evaluation to evaluate alternative program
delivery of cardiac rehabilitation services. This is also the first cost-utility analysis to utilize a broad
based cardiac rehabilitation patient population. The study’s findings will make a significant
contribution to our knowledge about how best to design cost-effective cardiac rehabilitation
interventions. The study has identified several recommendation and future research directions, which
will add to the economic evaluation of cardiac rehabilitation services.

Papadakis, S.
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CHAPTER 1:
INTRODUCTION

Economic Evaluation of Cardiac Rehabilitation and Secondary
Prevention Services
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1.0 Introduction

1.1 Background

Coronary Artery Disease (CAD) is the leading cause of death and disability in Canada, accounting for
more than 27% of deaths nation wide[1]. The total cost of CAD in 1993, the latest year for which this
information is available, was $7.8 billion, which includes a direct cost of $2.1 billion and an indirect
cost of $5.3 billion, making it the most expensive disease category within the Canadian Health Care
system[1]. The growing number of aging Canadians and continuing constraints on health care
resources accentuates the need to develop and disseminate cost-effective interventions for the
prevention and management of cardiovascular disease.

Cardiac rehabilitation (CR) services are defined as comprehensive programs involving prescribed
exercise, medical evaluation, education, counseling, and psychosocial support [2]. In patients with
diagnosed CAD, exercise-based cardiac rehabilitation programs (CRPs) decrease mortality, improve
exercise tolerance, and coronary risk levels[3]. Meta-analyses reviewing randomized, prospective
studies of cardiac rehabilitation versus usual care, have confirmed its efficacy in reducing the chance of
death after a heart attack by 20-25% [3-5]. Additionally, enhanced patient quality of life has emerged
as an early benefit of CR services [6, 7]. As a result, secondary prevention through CR is
recommended for all patients with coronary artery disease unless otherwise contraindicated [2].

The costs and relative benefits of delivering health care interventions has captured wide-spread
attention [8, 9]. There is increasing demand for justification of health care expenditures and the
development of interventions that will more effectively use our health care dollars.

Cardiac Rehabilitation services in particular have been scrutinized regarding the potential return on
large program delivery investments and the challenge remains designing and evaluating available and
emerging models for the delivery of cardiac rehabilitation services [10]. A variety of program models
ranging from exercise only to multi-factorial programs have emerged, as well as, various delivery
modes including individualized home-based and supervised group-based programs. Economic
evaluation has emerged as an important tool in the evaluation of competing health care interventions
and serves as a way to inform policy and more effectively allocate limited health care resources.

1.2 Thesis Design
This Master’s Thesis was designed as a three-part study with the following objectives:

(1) To summarize and evaluate published economic evaluations of cardiac rehabilitation programs and
make recommendations regarding future directions;

(2) To compare in patients with Coronary Artery Disease (CAD) a 3-month (33-session) versus a 12-
month (33-session) program of cardiac rehabilitation as measured one year following program intake
for indices of cost effectiveness;

(3) To evaluate the comparability of utility scores derived through the TTO utility measure and SF-6D
preference based index; and examine the implications of difference in utility scores on the
calculation of quality adjusted life years and the cost-utility ratios of two competing cardiac
rehabilitation interventions.

The thesis objectives are presented as Chapters in this document. In Chapter 1 the results of the
systemic review of economic literature surrounding cardiac rehabilitation is presented. In Chapter 2, a
prospective randomized control trial of two alternative cardiac rehabilitation program models are
compared in a cost-utility analysis In Chapter 3, we present a sub-study comparing to the time-trade-
off direct utility measure to the newly developed SF-6D preference based utility index.

Papadakis, S. 1
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CHAPTER 2:
SYSTEMATIC REVIEW

Economic Evaluation of Cardiac Rehabilitation and
Secondary Prevention Services
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Executive Summary

Cost-effectiveness analysis has emerged as an important tool in the evaluation of health care
practices and serves as a way to inform policy and more effectively allocate limited health care
resources. The goal of this review is to summarize and evaluate published economic
evaluations of cardiac rehabilitation programs and make recommendations regarding future
directions.

Electronic databases (Medline 1966-2002, Polaris 1980-2002 and the Cochrane Effectiveness

Practice Register) were searched for English language randomized control trials, non-

randomized trials, modeling studies, and descriptive studies evaluating the economic impact of

cardiac rehabilitation (secondary prevention of cardiovascular disease). Pre-standardized data
abstraction forms were used to review the full texts of all potentially relevant articles.

Publications were excluded if they were review articles, primary prevention, or unrelated to

lifestyle change. Eligible studies were assessed for their strength of evidence using the

Drummond criteria for economic evaluation.

Seventeen trials were identified that were relevant to the economic evaluation of cardiac

rehabilitation and secondary prevention services. The search revealed 8 trials not included in

previously published systematic reviews. Of the 17 studies included, 11 were cost analysis, 4

were cost-effectiveness analysis, 1 was a cost-description, 1 was a cost-minimization, and 1

was a cost-utility analysis. None of the trials reviewed met all of the Drummond checklist

criteria adequately.

Support for the cost-effectiveness and cost savings for health care systems of cardiac

rehabilitation has been identified within this review. The heterogeneity between study

comparators, study designs, and perspectives makes pooling of study results inappropriate.

The body of literature supporting the cost-effectiveness of cardiac rehabilitation services is

characterized by poor methodological quality. To date only one trial has provided a

prospective randomized control trial evidence of the cost-effectiveness and cost-utility of

supervised cardiac rehabilitation services. Further trials are required to support the
generalizability of these findings to the broader patient population. The literature evaluating
home-based and alternative delivery models including the frequency and duration of cardiac
rehabilitation is insufficient to draw conclusive recommendations regarding the cost-
effectiveness of these delivery models.

The following recommendations are directed towards advancing policy and research

surrounding the economic viability of cardiac rehabilitation.

o Greater dissemination of best practices in the design of economic evaluations is required
within the field of cardiac rehabilitation.

e Well-designed trials evaluating the cost-effectiveness and cost-utility of supervised cardiac
rehabilitation against standard are required to support the findings of Oldridge (1993).

e There is a need to expand the evidence base supporting the economic viability of cardiac
rehabilitation to the broader cardiac population including women and other diagnosis
groups.

e Initiate well-designed trials evaluating the cost-effectiveness and cost-utility of alternative
CR delivery models including home-based rehabilitation programs, telephonic interventions,
and specific delivery model characteristics.
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2.1 BACKGROUND
2.1.1 Economic Evaluation

Two main categories of economic evaluation exist (See Table 2.1). Partial economic analyses
are those analyses, which evaluate either the costs or consequences between two interventions
or both the costs and consequences of a single intervention [11]. Full economic analyses are
those analyses, which evaluate both the cost and consequences between two or more
interventions. Full economic evaluations will provide a cost to consequence ratio (C/C ratio).
Definitions for each type of partial and full economic evaluation are provided.

Table 2.1: Description of Economic Analysis Type

Analysis Type Description

Partial Economic Evaluation

Cost Description An evaluation of the overall cost of a single intervention [12].
Cost-outcome Description The evaluation reports both the cost and effects of a single intervention.
Cost Analysis The evaluation reports costs but not effects of two or more comparators.

Full Economic Evaluation

Cost-Minimization Analysis (CMA) | Evidence is available that the effectiveness of two or more interventions are
equivalent, the analysis will therefore seek to identity the less costly
intervention.

Cost-Effectiveness Analysis (CEA) | Cost-effectiveness is reported as a function of cost per unit of outcome.
Consequences measured in natural units such as life years gained (LYG).

Cost-Utility Analysis (CUA) Cost reported per Quality-Adjusted-Life Year (QALY). Consequences
measured using a preference score (e.g. time-trade off) from which QALYs are
estimated.

Cost-Benefit (CBA) Both costs and health effects are given a monetary value [13).

2.1.2 Systematic Review

Systematic reviews are an approach to synthesizing and critically appraising existing evidence
regarding a particular health issue [14]. The systematic review utilizes explicit and
reproducible methods for identifying and selecting studies, and assessing each eligible study
with respect to the strength of evidence it contains. Information from each study is extracted
and evaluated against pre-established criteria. The systematic review allows a summary of
research conducted to date to be generated and can assist in identifying areas where
insufficient evidence exists, as well as, make recommendations for future research [14].
Systematic reviews are useful tools for evidence-based decision-making and development of
practice guidelines [15].

The systematic review has gained wide acceptance within the health care field as one of the
most valid methods for synthesizing accumulated evidence [16]. The number of systematic
reviews published annually has increased 10-fold in the past decade [17-19]. Numerous
guidelines have been published describing best practices for conducting systematic reviews
[18, 20, 21]. While most systematic reviews have evaluated randomized controlled trials
(RCTs), the same methods can be applied to the review of non-randomized trials particularly
when few RCTs have been conducted [17, 22]. This systematic review has employed best
practices based on available guidelines.
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2.1.3 Previous Reviews
Several systematic reviews have been undertaken to evaluate the effectiveness of cardiac
rehabilitation on clinical outcomes including morbidity, mortality, cardiac risk factors, and
quality of life [3-5, 23]. Only two systematic reviews have looked at economic evaluations of
cardiac rehabilitation services [13, 24].

A 1998 systematic review by Oldridge and colleagues summarized the body of literature

regarding the economic evaluations of cardiac rehabilitation services [13]. The review

identified 8 publications, which reported original data or findings on the cost-effectiveness of
cardiac rehabilitation interventions (See Table 2.2). One described costs associated with
program delivery, 1 was a cost-minimization analysis, 4 were cost analyses, and 2 were cost-
effectiveness analysis, one of which was a randomized trial which also evaluated cost-utility.

The Canadian Coordinating Office of Health Technology Assessment (CCOHTA) initiated a
systematic clinical and economic review of exercise-based cardiac rehabilitation programs in

2002 [24]. CCOHTA limited its review to full economic evaluations and cost studies

evaluating exercise-based interventions against usual care published between 1995 and August
2001. Home-based CRP and comparisons between CR delivery models were not considered in
the CCOHTA review. A total of 3 full economic evaluations and 3 cost studies were reviewed.

Table 2.2. Summary of 1998 Review by N.B. Oldridge [13]

Year | Author Title Type

1985 | DeBusk et al. [25] Medically directed at home cardiac rehabilitation soon after Cost-minimization
complicated acute myocardial infarction: a new model for patient care.

1991 | Levin et. al. [26] Cardiac Rehabilitation — a cost analysis Cost analysis

1992 | Ades et al. [27] Cardiac rehabilitation participation predicts lower hospitalization costs | Cost analysis

1993 | Edwards et. al [28] Percutaneous transluminal coronary angioplasty rehabilitation: A cost- | Cost analysis
effective analysis

1993 | Oldridge et al. [29] Economic evaluation of cardiac rehabilitation soon after acute Cost-effectiveness /
myocardial infarction cost-utility

1995 | Bondestam et. al. Effects of early rehabilitation on consumption of medical care during Cost analysis

[30] the first year after acute Ml in patients >65 years of age

1995 | Allison et al. [31] Medical and Economic costs of psychologic distress in patients with Cost description
coronary artery disease

1997 | Ades et al. [32] Cost-effectiveness of cardiac rehabilitation after Mi Cost-effectiveness

2.1.4 Methodological Quality

Several international guidelines for economic evaluation of pharmaceuticals and health

technologies have been published [33-38]. Canadian guidelines have been jointly produced by
academic institutions and government agencies since 1991 and most recently revised in 1999
[35, 36, 39, 40]. These documents provide descriptions of best practices involved in the
measurement, costing, valuation, and analysis of economic evaluation of health care

interventions. The US Public Health Services Panel on cost-effectiveness in health and

medicine has published a “reference case” to guide the conduct of cost-effectiveness analysis

Papadakis, S.
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in an attempt to improve the quality and comparability of economic analyses [34]. The
reference case summarizes the panel recommendations for the standard methods to be
employed in cost-effectiveness analyses including; the use of a societal perspective, accounting
of consequences (both harms and benefits), costs to all parties, the use of incremental
comparisons, a fixed reference year, 3% discount rate, and at minimum, a univariate sensitivity
analysis evaluating assumptions or estimates contained within the analysis.

Shephard (1992) published a critical study reviewing the economic literature surrounding
secondary and tertiary cardiac rehabilitation [41]. This study determined seven weaknesses
existed in the published literature at that time including: neglecting discount rate; a lack of
consideration for opportunity costs; and the weakness of existing databases.

The methodological quality of economic evaluations included in the systematic review was
assessed using the Drummond (1997) criteria for economic evaluations [11]. The ten-item
criteria presented in Figure 2.1, is designed to provide a qualitative assessment of the strengths
and weaknesses of published studies. Each of the criteria items assesses an important issue in
the design of economic evaluations including: the assessment of all relevant costs and
consequences, the use of a sensitivity analysis, the generalizability of the findings. Evaluators
applying the criteria rank the study as meeting (yes) appraisal criteria, not meeting appraisal
criteria (no), or can’t tell (CT).

The Drummond criteria has been previously used in the evaluation of health care interventions
[11, 42]. The criteria concur with the Canadian Guidelines for Health Technology Assessment
and the U.S. Public Services Health Panel for economic evaluation [34, 36]. Michael
Drummond is a well recognized expert in the field of health care economics and has lead
several international tasks force in health economics including the Task Force on Use of
Pharmacoeconomic/Health Economic Information in Health-Care Decision Making [43].

Figure 2.1: Drummond Checklist for Economic Appraisal

1. Was a well-defined question posed in an answerable form?

2. Was a comprehensive description of competing alternatives given?

3. Was there evidence that the programmes’ effectiveness had been established?

4. Were all the important and relevant costs and consequences for each alternative identified?

5. Were costs and consequences measured accurately in appropriate physical units?

6. Were costs and consequences valued credibly?

7. Were the costs and consequences adjusted for differential timing? (Discounting)

8. Was an incremental analysis of costs and consequences of alternatives performed?

9. Was a sensitivity analysis performed?

10. Did the presentation and discussion of study results include all issues of concern to users?
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2.2 Goals and Objectives

2.2.1 Goal

The goal of this review is to summarize and evaluate published economic evaluations of
cardiac rehabilitation programs using the critical appraisal checklist developed by Drummond
to assist with the assessing the validity of economic evaluations [11] and to make
recommendations regarding future directions.

2.2.2 Objectives
The specific objectives of this review are:

(1) To identify and characterize the body of published literature evaluating economic aspects
of cardiac rehabilitation for the secondary prevention of cardiovascular disease.

(2) To evaluate the methodological quality of the economic evaluations of cardiac
rehabilitation programs/services published to date.

(3) To provide recommendations regarding future directions for economic evaluation of
cardiac rehabilitation and secondary prevention services.
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2.3 Methods

2.3 Search Strategy

2.3.1 Search Terms and Databases

Electronic databases (Medline 1966-2002, Polaris 1980-2002 and the Cochrane effectiveness
practice register) were searched for English language randomized control trials, non-
randomized trials, modeling studies, and descriptive studies evaluating the economic impact of
cardiac rehabilitation (secondary prevention of cardiovascular disease). The following text
word terms and MeSH headings were used: “Economic evaluation” or “costs” or “cost” or
“cost-effectiveness” or “cost-benefit” or “cost-utility” and “cardiac rehabilitation” or
“secondary prevention” or “lifestyle intervention”. To identify additional studies, hand
searches of bibliographies were conducted.

2.3.2 Selection of eligible studies

The titles and abstracts of all citations generated from the search were reviewed to identify any
studies reporting on the economic evaluation of cardiac rehabilitation interventions. Pre-
standardized data abstraction forms were used to review the full texts of all potentially relevant
articles. Publications were excluded if they were review articles, primary prevention, or
unrelated to lifestyle change. The review included partial economic evaluations, trials
evaluating return to work, non-traditional cardiac rehabilitation interventions including home
programs, community-based programs, and studies evaluating unique program delivery
models.

2.3.3 Data Abstraction

A single independent reviewer completed the data extraction form (See Appendix 2). The
abstraction form was utilized as the basis for data synthesis and evaluation. When necessary,
authors were contacted to gain clarity regarding particular areas of the research publication.

2.3.4 Quality Assessment

Eligible studies were assessed for their strength of evidence using the Drummond Criteria for
economic evaluation (See Appendix 4) [11]. The ten-item checklist was used as the basis for
quality assessment of studies under review. Each study was ranked as meeting the criteria
(yes), not meeting (no), or can’t tell.
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2.4 Results

2.4.1 Synthesis

Of the 352 citations originally identified using key word search combinations, a total of 291
were identified as potentially relevant upon abstract review. Sixty-one were excluded due to
non-English publication type, 13 were review articles, 45 evaluated interventions that were did
not evaluate cardiac rehabilitation populations, and 178 were found not to be economic
investigations. Twenty-six studies were eligible for detailed review of which an additional 10
were excluded upon manuscript review because they did not evaluate economic outcomes. A
total of 17 studies were identified as eligible for the present review. Table 2.3 provides an
overview of the results of the of the search strategy. Exhibit 1 provides an overview of the 17
studies reviewed.

Table 2.3: Results for Identified Search Terms

Search Term Results
Cost or Economic Evaluation 243,644
Cardiac Rehabilitation 1,579
Secondary Prevention of heart disease 2,856
Lifestyle Intervention 1,934
Combine all 352
English Language Only 291
Eligible following abstract review 26
Eligible for Systematic Review 17

2.4.2 Study Characteristics

The search revealed 8 trials not included in previously published systematic reviews. Six have
been published since the 1998 Oldridge review and 2 had been excluded. Exhibit 2 and
Exhibit 3 provide a summary of the study design and outcome measures for each of the studies
evaluated. The majority of studies were published between 1991 and 2000. Of the 17 studies
included, 11 were cost analysis, 4 were cost-effectiveness analysis, 1 was a cost-description, 1
was a cost-minimization, and 1 was a cost-utility analysis. The majority of the studies (58.8%)
focused on the male Myocardial Infarction (MI) patient population. Forty-eight percent of the
studies were conducted using RCT designs, 23.5% were nonrandomized trials, and 23.5% were
modeling studies. The majority of studies conducted have utilized the perspective of the health
care system with the primary outcome measure being re-hospitalization costs. Four of the
studies included a societal perspective, and 4 studies included the patient perspective. Table
2.4 provided a breakdown of key study characteristics and more detailed overview is provided
in Appendix 2.
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Table 2.4: Methodological Overview (N=17)

2.4.3 Comparative Evaluations

Articles
No. %

Perspective

Societal 5 294

Health Care System 9 52.9

Rehabilitation Program 3 17.6

Patient 4 235
Patient Population*

Myocardial Infarction 10 93.8

Coronary Artery Bypass Graft 5 313

(CABG)

Angioplasty (PTCA) 375

Combined 4 25.0

Heart Failure 1 5.9

CvD 14 100
Analysis Type

Cost Description 1 5.9

Cost / Utilization Analysis 11 64.7

Cost Minimization 1 5.9

Cost Effectiveness 4 235

Cost Utility 1 5.9
Study Design

Randomized Control Trial (RCT) 8 47.8

Non-Randomized 4 23.5

Modeling 4 235

Cohort Study 1 5.9

Four types of comparison were identified in the published literature. These include;

Supervised CR vs. standard care [26, 27, 29, 30, 32, 44, 45];
Home-based CR vs. standard care [30, 45, 46];
Supervised CR vs. home-based CR [25, 45, 47];

Comparison of two delivery formats / program components [28, 48-50].

Exhibit 3 provides a summary of the study design characteristics and findings for each of these
comparison groupings. The findings for each of the comparison against standard care suggest
positive outcomes favouring the intervention groups. Cost-analysis comparisons between
supervised and non-supervised programs suggest that home-based programs are the more cost
effective delivery model [25, 27, 32, 45, 47]. No full prospective economic analysis of non-
supervised programs has been conducted to date. Trials evaluating delivery formats indicate
that mode of delivery can play an important role in how resources are utilized to achieve a
desired outcome.

Papadakis, S.
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2.4.4 Methodological Quality

Exhibit 6 provides a summary of the Drummond Reviews for all 17 studies included in this
evaluation. The assessment criteria provide an evaluation of the methodological quality of the
trials conducted. None of the trials reviewed met all of the checklist criteria adequately.

Three of the 17 studies evaluated provided a well-defined question in an answerable form, four
provided evidence of effectiveness, five applied discounting, and eight conducted sensitivity
analysis. Few studies described the source used in the valuation of costs and consequences.
The Drummond assessments for each of the trials evaluated can be found in Appendix 3.

Specifically the following methodological issues were present in the literature reviewed,

= Studies lacked an explicit statement of perspective and or utilize a limited analytical
horizon;

» The majority of studies did not evaluate consequences (cost analysis) and are therefore
limited in scope;

» Only one study has prospectively evaluated costs and consequences through a
randomized control trial design[29];

* Only one cost-utility analysis has been conducted to date[29];

* No randomized trials have evaluated both the cost and consequences of a home-based
program compared to supervised cardiac rehabilitation or standard care;

* The majority of studies have been conducted on populations consisting solely of
myocardial infarction patients limiting the generalizability of the findings to other
patient diagnostic groups.
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2.5 Discussion

2.5.1 Study Population

The majority (65%) of the literature reviewed was limited to study samples consisting solely of
acute myocardial infarction (AMI) patients. Two of the three cost-effectiveness trials
conducted to date have been evaluations of AMI populations [29, 32]. This pool of patients
utilized in these trials does not reflect the current composition of cardiac rehabilitation patients,
which include coronary bypass graft, and to a lesser extent percutaneous cardiac intervention
(PTCA, STENT, Endarctorectomy), angina, and heart failure patients. Most importantly these
patient diagnosis groups may not benefit equally from cardiac rehabilitation interventions.
Patient characteristics are expected to influence the relative cost-effectiveness of an
intervention [13]. This calls into question the generalizability of earlier economic evaluation
research on today’s cardiac patient population. To date there is little high quality prospective
trial data to support the cost effectiveness of cardiac rehabilitation in non-MI patient groups.

Women have also not been adequately represented in cardiac rehabilitation settings and are
under-represented in the economic evaluations conducted to date. There is evidence to suggest
differences in the cost-effectiveness of CR between the genders [45]. These differences may be
explained by the fact that they are often older, more likely to be single, and had more coronary
risk factors than men [51]. Women also tend to have lower levels of exercise tolerance and
reduced Health Related quality of life scores at program entry than men [52]. When compared
to males, women have also demonstrated higher drop-out rates and poorer adherence to
supervised cardiac rehabilitation interventions [53-55].

2.5.2 Interventions Evaluated

Traditional cardiac rehabilitation program delivery consists of facility-based, supervised group
exercise and counseling. The cost per life year gained resulting from cardiac rehabilitation has
been found to range between $4,950 — $21,800USD [Ades, 1997 #12; [29, 32, 45] depending
on the study population and type of intervention. The cost per quality-adjusted-life year was
$9,200, both of which fall into the accepted range for good cost-effectiveness and cost-utility
[29]. Several alternative forms of CR were evaluated within the literature reviewed including
home-based programs [25, 30, 45-47]; return to work interventions [56, 57], program
components and delivery characteristics [28, 48-50]. Only one modeling study has attempted
to quantify the cost-effectiveness of home-based CR against standard care using modeling
techniques [45]. No full prospective economic evaluation has evaluated two competing
cardiac rehabilitation delivery models. The evidence to support the economic viability of these
alternative delivery modes is limited to cost analysis [28, 48-50]. These alternative delivery
modes will need to be evaluated via high quality full economic evaluations before they can be
labeled cost-effective.

Promising future directions lie in the potential cost-effectiveness of newer program delivery
models, which may use fewer program resources. Alternative CR delivery models include
home-based programs with periodic face-to-face and/or telephonic counseling. Several trials
have demonstrated equivalent benefits between supervised and home-based programs [25, 48].
A major benefit of home-based CR programs, are the reduced cost involved in the delivery of
these programs. Specifically, savings in accommodation, overhead, equipment, and staff time
are associated with home-based delivery. Interestingly, patient costs (e.g. travel, time,
purchases) are likely to be larger for home-based programs. Home-based programs may
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however appeal to groups of patients who may not have otherwise taken part in cardiac
rehabilitation interventions. These programs may increase the proportion of patients taking
part in formal programs by offering more flexible delivery models.

An area being investigated within the literature is the dose response model required to produce
gains in patient quality of life and clinical status [48, 49, 58, 59]. This relates to both the
frequency and duration required to maximize cost-effectiveness. In addition, components of
cardiac rehabilitation including exercise, counseling, medical management will need to be
evaluated to determine the incremental cost-effectiveness associated with these interventions.

2.5.3 Methodological Quality

The body of literature supporting the cost-effectiveness of cardiac rehabilitation services is
characterized by limited methodological strength. Previously published systematic reviews of
the cost-effectiveness of cardiac rehabilitation have documented the lack of evidence to
support the cost-effectiveness of cardiac rehabilitation, particularly the lack of trials, and the
poor quality of existing trials [13]. The heterogeneity in the perspectives, comparators, and
type of analysis limits the ability of this systematic review to add to the strength of the
evidence to support the cost effectiveness of cardiac rehabilitation. Only one trial has the
strength to support such a conclusion and this study as noted has limited generalizability [29].
Recent publications [46-50] have not demonstrated improved practice, which is particularly
troubling. This systematic review has found evidence to suggest the quality of economic
evaluations has actually declined since the 1998 Oldridge review [13]. The quality of the
economic research may be attributed to the lack of resources to support cardiac rehabilitation
researchers, as well as, a lack of dissemination of best practices in the design of economic
evaluations within the field. Additional high quality trials are required to validate the findings
of this study and expand the generalizability of cardiac rehabilitation as a potentially cost-
effective health care investment.

2.5.4 Limitations of this Review

Standard limitations of systematic reviews include the possibility that studies may have been
missed in the identification process and the fact that unpublished studies are not included in the
review [14, 60]. This systematic review was limited to literature published in the English
language, which may introduce some bias to the reviews findings [14].

The validity of making comparisons between economic analyses conducted in different health
care systems is unknown and may not be appropriate. We have included English language
publications conducted in a variety of international health care settings. Since data has not
been pooled studies can be analyzed and assessed independently.

In addition, a single reviewer was used to conduct all of the reviews of literature for the present
systematic review. Standard practice calls for at least two reviewers to independently review
the literature and address any discrepancies in the reviews via a consensus approach [14, 61].
The use of a single reviewer limits the overall validity of the review.

Several trials [5, 26-28, 30, 32, 50, 56, 57], included in the review were conducted before the
implementation of new medical therapies. These new therapies have had large impacts on
patient morbidity and mortality and include pharmaceutical therapies (e.g. thrombolysis,
statins) which were introduced in the mid 1990s and newer intervention therapies (e.g
Percutaneous Transluminal Coronary Angioplasty, STENT).
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2.6 Conclusions and Recommendations

2.6.1 Conclusions

Following an extensive review, 17 trials were identified that were relevant to the economic
evaluation of cardiac rehabilitation and secondary prevention services. Support for the cost-
effectiveness and cost savings for health care systems resulting from cardiac rehabilitation has
been identified within this review. The heterogeneity between study comparators, study
designs, and perspectives makes pooling of study results inappropriate. The body of literature
supporting the cost-effectiveness of cardiac rehabilitation services is characterized by limited
methodological strength. To date only one trial has provided prospective randomized control
trial evidence of the cost-effectiveness and cost-utility of supervised cardiac rehabilitation
services [29]. Further trials are required to support the generalizability of these findings to the
broader cardiac patient population. The literature evaluating home-based and alternative
delivery models including the frequency and duration of cardiac rehabilitation is insufficient to
draw conclusive recommendations regarding the cost effectiveness of these delivery models
[25, 28, 30, 45-50]. Given the extent of the evidence to support cardiac rehabilitation as a
clinically effective intervention in reducing morbidity and mortality, it has become more and
more difficult to justify the ethical use of standard care comparators. There is likely to be a
larger number of studies comparing competing cardiac rehabilitation delivery models (e.g
standard care versus home-based). There is a strong theoretical basis to support the cost-
effectiveness of home-based programs. As we continue to learn more about the characteristics
and components that improve clinical outcomes of cardiac rehabilitation it will be important to
also evaluate the immediate and downstream economic impact of these alternative programs.

2.6.2 Recommendations

The following recommendations are directed towards advancing policy and research

surrounding the economic viability of cardiac rehabilitation.

= Greater dissemination of best practices in the design of economic evaluations is required
within the field of cardiac rehabilitation. The quality of recently conducted economic
evaluations, suggest a general lack of knowledge regarding the rigour required to produce
quality findings. A publication reviewing characteristics of high quality evaluations and the
presentation of a reference case that is specific to the cardiac rehabilitation setting for use as
a guide in the design of economic evaluations is recommended.

= Well-designed trials evaluating the cost-effectiveness and cost-utility of supervised cardiac
rehabilitation against standard are required to support the findings of Oldridge (1993) [29].

» There is a need to expand the evidence base supporting the economic viability of cardiac
rehabilitation to the broader cardiac population including women and other diagnosis groups
(e.g. PCI, CABG).

= Initiate well-designed trials evaluating the cost-effectiveness and cost-utility of alternative
CR delivery models including home-based rehabilitation programs, telephonic interventions,
and specific delivery model characteristics.

= Research is required to assist in identifying and understanding which patient segments will
produce greater cost-effectiveness and cost-utility from comprehensive rehabilitation and
other alternative delivery modes. This includes high-risk and low-risk patients, gender, age,
and diagnosis groups.
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Exhibit 1: Characteristics of Studies Identified in Systematic Review

Ref | Author Year Title Country Analysis Type Collection
# Years
{471 Collins 2001 Cost analysis of gym base versus home Australia Modeling Cost 1996 —1998
based cardiac rehabilitation programs analysis
[62] Robertson 2001 Cost analysis of an intensive home follow- Canada Cost analysis 1999-2000
up program for first-time post-myocardial
infarction patients and their families
[44] Georgiou 2001 Cost-effectiveness of long term moderate USA Modeling cost- -
exercise training in chronic heart failure. effectiveness
[45] Lowensteyn 2000 The cost-effectiveness of exercise training Canada Modeling cost 1996
for the primary and secondary prevention of effectiveness
cardiovascular disease
[48] Carlson 2000 Program participation, exercise adherence, | USA Cost analysis -
cardiovascular outcomes, and program cost
of traditional versus modified cardiac
rehabilitation
{49] Nieuwiand 2000 Differential effects of high frequency versus | Netherlands | Cost analysis -
low frequency exercise training in
rehabilitation of patients with coronary artery
disease
[50] Dixhoorn 1999 Effect of relaxation therapy on cardiac Netherlands Utilization analysis | 1981-1983
events after myocardial infraction a 5-year
follow-up study
[32] Ades 1997 Cost-effectiveness of cardiac rehabilitation USA Modeling cost N/A
after myocardial infarction effectiveness
{30 Bondestam 1995 Effects of early rehabilitation on Sweden Utilization analysis | 1993
consumption of medical care during the first
year after acute myocardial infarction in
patients >65 years of age
[31] Allison 1995 Medical and Economic costs of psychologic | USA Cost description -
distress in patients with coronary artery
disease
8] Oldridge 1993 Economic evaluation of cardiac Canada Cost-effectiveness | 1987-1991
rehabilitation soon after acute myocardial Cost-utility
infarction
(28] Edwards 1993 Percutaneous transluminal coronary USA Cost analysis 1986-1988
angioplasty rehabilitation: A cost-effective
analysis
[27] Ades 1992 Cardiac rehabilitation participation predicts USA Cost analysis 1983-1987
lower hospitalization costs
[26] Levin 1991 Cardiac Rehabilitation - a cost analysis Sweden Cost analysis 1991
(56] Pilote 1992 Return to work after uncomplicated USA Cost analysis 1987-1989
myocardial infarction: a trial of practice
guidelines in the community
[57] Picard 1989 Cost-benefit analysis of early return to work | USA Cost analysis 1983-1985
after uncomplicated acute myocardial
infarction
[25] DeBusk 1985 Medically directed at home cardiac USA Cost-minimization | 1979-1983

rehabilitation soon after complicated acute
myocardial infarction: a new model for
patient care.
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Exhibit 4: Summary of Drummond Evaluations

Drummond Criteria
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answerable form?
2. Was a comprehensive description of YIlY [YIY Y ]Y Y [Y]Y |]Y IN]|JY |]Y Y [Y [Y Y
competing alternatives given?
3. Was there evidence that the NN [Y [N [N [N[NJY [N |NJ[CTIN]JY |Y [N ]JY [N
programmes’ effectiveness had been
established?
4. Where all the important and relevant Y{Y IYIY |]JY|N|N[NIN|NJY |N|IN]|JY [N|Y |N
costs and consequences for each
alternative identified?
5. Were costs and consequencesmeasured [ Y [N [N [N [N [CTIN |JY [N [N }Y |CT[Y |JY |[Y |Y [N
accurately in appropriate physical units?
6. Were costs and consequences valued N[N I[Y [N[N{[NI[NJ[CT|IN]|N/[CTjCT jCTICT N |Y |CT
credibly?
7. Were the costs and consequences N [MIY [Y]JY IN|NJY [N[Y IN|N|N]JY [N |N (N
adjusted for differential timing?
8. Was an incremental analysis of costs Y |Y Y |Y|Y |N|N]JY [NIN]JY [N|Y }|]Y [N |N|N
and consequences of alternatives
performed?
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study results includes all issues of
concern to users?
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Executive Summary

BACKGROUND: The growing number of aging Canadians and continuing constraints on health care
resources accentuates the need to develop and disseminate cost-effective interventions for the prevention
and management of cardiovascular disease. Exercise-based cardiac rehabilitation programs (CRPs) have
been recognized as cost-effective interventions resulting in decreases in all-cause mortality,
improvements in patient quality of life, and cardiac risk factors compared to standard care. Little is
known about the relative cost-effectiveness of different cardiac rehabilitation program designs and how
cost-effectiveness may be influenced by patient characteristics. The evaluation of alternative CRP
delivery models will add to our understanding of how best to design and fund cardiac rehabilitation
services to maximize outcomes for patients and the health care system.

OBJECTIVES: To compare two alternative forms of cardiac rehabilitation program delivery, an
intensive (3-month, 33-session) versus a distributed (12-month, 33-session), for indices of cost-utility
from the perspective of the health care system, using data from a 2-year randomized clinical trial
conducted at the University of Ottawa Heart Institute.

DESIGN: The present economic analysis was conducted alongside a two group randomized control trial
with groups balanced on gender and random assignment to either an intensive (3-month, 33-session) or a
distributed (12-month, 33-session) program of cardiac rehabilitation. The intensive group was
scheduled for supervised exercise twice weekly over three months while the distributed program
exercised weekly for 3 months, then bi-monthly for 3-months, and monthly for the last 6-months.
Patients were assessed at baseline, 3, 6, 12, 15, and 24-months.

POPULATION: A total of 396 patients with Coronary Artery Disease, referred to cardiac
rehabilitation, willing to provide informed consent, proficient in English and geographically available
for intervention and follow-up were randomized to one of the two intervention arms.

MAIN OUTCOME MEASURES: Outcome measures evaluated include incremental; program delivery
costs, health care use limited to cardiac related events, Quality Adjusted Life Years (QALYs) gained as
measured by the time trade-off tool.

RESULTS: The 3-month intervention was found to be dominant ($16,228/QALY), resulting in both a
savings to the health care system and larger gains in QALY's over the 2-years following initiation of
CRP. Stratified analyses suggest the standard 3-month program was a more cost-effective intervention
for higher risk and CABG patients. The 12-month program was more cost-effective for lower risk
patients and females.

CONCLUSION: A shorter more intensive intervention was found to be dominant as compared to a 12-
month CRP. Important differences were noted in the cost-effectiveness of CRP across cardiac risk strata
and diagnosis groups, suggesting patients may benefit form triage to available CRP models.

RELEVANCE: This study is the first full economic evaluation to evaluate alternative program delivery
of cardiac rehabilitation services. This is also the first cost-utility analysis to utilize a broad based
cardiac rehabilitation patient population. The study’s findings will make a significant contribution to
our knowledge about how best to design cost-effective cardiac rehabilitation interventions.
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3.1 BACKGROUND

3.1.1 Cost-Utility Analysis

Cost-effectiveness analyses (CEA) are an important tool for the evaluation of competing health care
interventions. The aim of the CEA is to compare the cost and effects of one treatment against one or
more alternatives treatments [64]. CEAs move beyond mere assessment of financial expenditures to
include an assessment of effectiveness of health outcomes of interest. The C/E ratio forms the basis of
all cost-effectiveness analysis, where net health care expenditures form the numerator and net
improvement in health forms the denominator (Cost/Effect). Data can be analyzed from a variety of
perspectives (societal, health care system, patient). The perspective that is selected will direct the
inclusion or exclusion of specific data in the numerator [65]. When health outcome include quality of
life, the analysis is termed “cost-utility analysis” (CUA) [12]. CUA is generally seen as a special case of
CEA [40]. CEAs can assist with more effectively allocating limited health care resources and informing
policy.

Incremental cost-utility analyses (ICUA) are CUAs in which the differential costs and effects of
program delivery are considered. ICUAs are the preferred method for comparing two treatments. A
high incremental cost-effectiveness ratio implies that a large expenditure will be required to achieve the
extra benefit and is less economically attractive than a low incremental cost effectiveness ratio. The
incremental cost-utility ratio is calculated as;
(Mean Program cost of experimental treatment — Mean Program cost of existing treatment)
(Mean QALY gain for experimental treatment — Mean QALY gain for existing treatment).

Four possible situations can arise when comparing ICU between two treatments (experimental and

existing) [54]:

1) The experimental therapy is less expensive and more effective than existing therapy (Experimental
therapy is deemed to be “Dominant”)

2) The experimental therapy is more expensive and less effective than existing therapy (Existing
therapy is deemed to be “Dominant”)

3) The experimental therapy is more expensive and also more effective than existing therapy

4) The experimental therapy is less expensive and less effective than existing therapy

These four possibilities are illustrated in the four quadrants of the cost-effectiveness plane presented in
Figure 3.1. The horizontal and vertical axes represent the incremental effects and costs, respectively.
Cost-effectiveness ratios of greater than zero (>0) occur when the experimental health care intervention
has both higher costs and greater effectiveness than existing therapy. Ratios of less than zero (<0) occur
when the existing intervention “dominates” over the experimental therapy by resulting in lower costs
and greater effectiveness than the comparator [66]. The north east (NE) and south west (SW) quadrants
of the cost-effectiveness plane represent interventions, which present a trade-off between greater
benefits (situation 3) or greater savings (situation 4). The value of the trade-off between benefits and
costs is assessed by evaluating the treatment against the maximum acceptable incremental cost utility
ratio (ICUR) represented in Figure 3.1 by a diagonal axes. Treatments which fall to the right of the
maximum acceptable ICUR are considered economically attractive.
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Figure 3.1: The cost-effectiveness plane
Source: Modified from Drummond 2001
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3.1.2 Economic Evaluation of Cardiac Rehabilitation

A Systematic review of the economic literature surrounding cardiac rehabilitation and secondary
prevention services was conducted (See Chapter 1 for detailed report). Support for the cost-
effectiveness and cost savings to the health care system of CR was identified within the systematic
review. The body of literature supporting the cost-effectiveness of CR services is weak, characterized
by a lack of trials, and the poor quality of existing trials [13]. To date only one trial has provided a
prospective randomized control trial evidence of the cost-effectiveness and cost-utility of supervised CR
services [29]. Additional high quality trials are required to validate the findings of this study and expand
the generalizability of CR as a potentially cost-effective health care investment.

3.1.3 Innovative Cardiac Rehabilitation Program Delivery

A number of innovative program delivery models are being developed for the delivery of cardiac
rehabilitation services. These alternative program delivery models attempt to utilize fewer resources to
deliver equivalent outcomes, or maximize outcomes delivered through services of equivalent cost.

The optimal frequency and duration of cardiac rehabilitation programs, to produce important gains in
patient quality of life and clinical status, as well as, maximize cost effectiveness is unknown. The
benefits derived from CR are directly dependant on the long-term adherence to physical activity and
other lifestyle changes adopted during the intervention period. The limited ability of short-term CR
interventions to develop long-term patient behaviour change has called into question the cost-
effectiveness of cardiac rehabilitation services. There is evidence that between one quarter and one half
of CR participants are exercising one year following the initiation of CR [67-69]. Well-designed
interventions that promote long-term maintenance of important lifestyle changes are needed.
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Nine published studies have conducted cost-analysis of alternative delivery models of which, five have
evaluated home-based CR programs [25, 30, 45-47], and 4 have evaluated alternative supervised CRP
delivery models [28, 48-50]. Two studies have assessed the impact of frequency and or intensity of CR
delivery [48, 49]. Nieuwland (2000) compared the global costs and clinical effectiveness of a high
frequency (10-sessions per week) and low frequency (2-sessions per week) CR program [49]. The low
frequency protocol as expected was 5-times less costly [49]. Carlson (2000), compared the adherence
rates and program delivery costs of a modified vs. traditional protocol of CR [48]. The traditional
protocol consisted of 3-weekly exercise sessions over three months plus education. The modified
protocol began with 3 exercise sessions per week for four weeks and then weaned patients to off-site
exercise over a 12-month intervention period supported by telephone follow-up and group meetings.
The modified protocol was found to provide a cost savings for the rehabilitation program of
approximately 50% compared to the traditional protocol. The authors did not evaluate health care use of
participants or include a measure of cost-effectiveness. The methodological quality of economic
evaluation comparing innovative delivery models is limited to cost analyses and questions remain
concerning the relative CE of different program designs [28, 48-50]. These and other innovative
alternative delivery modes will need to be evaluated via high quality full economic evaluations before
they can be labeled cost-effective.

3.1.4 Study Rationale

To date, optimal program duration and frequency for cardiac rehabilitation has not been identified. The
length of CR services in Canada is highly variable ranging from 2-months to 2-years and is limited by
third party reimbursement to 12-weeks in the U.S [24]. Frequency of CR has also varied from 1 to 5
supervised sessions per week. The standard for CR program delivery has consisted of supervised
facility-based exercise sessions 2-3 times per week over a 3-month period (36-sessions) [24].
Participation in a standard 12-week CR program is known to result in positive changes in exercise
tolerance, blood lipids, and quality of life in patients with CAD [58]. There is evidence that patients
gain additional benefit from extending program length over longer periods [58]. Behaviour change
lifestyle theories suggest that patients may require more time than is currently available in standard
length CRPs to establish new lifestyle patterns (e.g. smoking cessation, healthy eating, regular physical
activity) [70, 71]. Authors have acknowledged the importance of extending CR program length beyond
the standard 12-weeks and developing maintenance programs to ensure long-term behaviour change [58,
67]. The potential cost effectiveness of innovative program delivery models, which may use fewer
program resources or maximize the benefits gained from program delivery investments, has intrigued
clinicians and researchers in recent years. Evaluating these alternative program delivery models will add
to our understanding of how best to design CR models to maximize outcomes for patients and the health
care system.

The present study will compare two alternative forms of CR program delivery, a standard (3-month, 33-
session) versus a distributed (12-month, 33-session), for indices of cost-effectiveness and cost-utility
from the perspective of the health care system, using data from a 2-year randomized clinical trial
conducted at the University of Ottawa Heart Institute. Traditionally the extension of intervention
duration has been associated with increased program delivery costs. By keeping the total number of
program contacts equal and distributing the sessions over longer periods of time, program efficacy and
overall cost-effectiveness of CR program may be improved. The study utilizes best practices in research
design and will make a significant contribution to our knowledge about how best to design cost-effective
CR interventions.
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3.2 Objectives

3.2.1 Objective

To compare, in patients with Coronary Artery Disease (CAD), a standard 3-month (33-session) versus a
distributed 12-month (33-session) program of cardiac rehabilitation as measured one and two years
following program intake for indices of incremental cost utility evaluated from the perspective of the

health care system (cardiac). As a secondary objective the relative cost-effectiveness of program delivery
models across cardiac patient clinical and demographic groups.

3.2.2 Hypothesis

i. Cost Determination
a. Two years following program intake no significant differences in program delivery costs will
be found between a 3-month (33-session) and 12-month (33-session) program of cardiac
rehabilitation.

b. Two years following program intake a cost savings in health care use will be found in thel2-
month cardiac rehabilitation program.

ii. Incremental Cost Utility
a. Two years following program intake, the 12-month cardiac rehabilitation program will be
result in lower cost per quality adjusted life year (QALY).

b. Stratified analysis will identify differences in the cost-effectiveness between the 3-month and
12-month programs of cardiac rehabilitation amongst patient groups.
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3.3 Methods

3.3.1 TYPE OF ANALYSIS
An incremental cost-utility analysis was conducted to measure outcomes in terms of quality-adjusted life
years (QALYs) gained. Differences in direct costs were also evaluated.

3.3.2 TARGET AUDIENCE

The primary target audience is the decision maker for funding secondary prevention programs (Ministry
of Health and Long Term Care), as well as, the cardiac rehabilitation program who may be selecting
between various delivery models.

3.3.3 PERSPECTIVE

Costs were evaluated from the perspective of the health care system and will focus solely on costs
related to Coronary Artery Disease. The choice to include only those costs related to CAD reflects the
expected incremental impact of the intervention.

3.3.4 SETTING AND POPULATION

This study was conducted between September 1999 and April 2003 at the University of Ottawa Heart
Institute Prevention and Rehabilitation Centre (UOHIPRC). A total of 396 patients with CAD, referred
to the UOHIPRC, willing to provide informed consent, proficient in English and geographically
available for intervention and follow-up were randomized to one of the two intervention arms. Patients
were stratified according to gender. Documentation of CAD was based on: (1) a documented
myocardial infarction (MI); (2) a clinical history typical of angina pectoris together with a treadmill test
result or nuclear scan consistent with myocardial ischemia; (3) previous coronary bypass graft (CABG),
or percutaneous coronary intervention (PCI). Exclusion criteria included: referral following cardiac
transplantation; implantation of automatic defibrillator; or contraindications to exercise.

Sample size was calculated based upon 80% power for detecting clinically meaningful differences in
measures of effectiveness. Health related quality of life was the parameter requiring the largest sample
size (N=315) to detect differences between groups. Twenty percent was added to the sample size to
allow for attrition in the sample over the two-year follow-up period.

3.3.5 STUDY DESIGN AND TREATMENT COMPARATORS

The present economic analysis was conducted alongside a two group randomized control trial with
groups balanced on gender and random assignment to either standard CR (3-month, 33-session) or
distributed CR (12-month, 33-session) program.

Both intervention groups received the same number of CR program contacts (total of 33), however, the
schedule of contacts varied by intervention group assignment (see Table 1). Four types of contacts were
provided, including: 3-case manager contacts, 1-medical management visit, 2-educational workshops,
and 27-supervised exercise class visits (see Table 3-1). Case manager contacts consisted of two face-to-
face visits and one telephone contact. The first visit was used to assess the patient’s goals and needs and
triage participants into optional program components (e.g. stress management, nutritional counseling).
At the later case manager visits, progress was reviewed. The physician visit was a single face-to-face
meeting with a program physician to ensure adequate risk factor control. Both intervention groups
received the same number of supervised exercise sessions (total of 27), however, the schedule of
contacts varied by intervention group assignment (see Table 3.1). Patients in both intervention arms
were encouraged to exercise outside the scheduled supervised exercise sessions for a total of 100-200
minutes per week or 1500kcals.
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Table 3.1: Schedule of program contacts in the three-month and twelve-month program groups

Type of program contact Standard CR (3 MO) Distributed CR (12 MQO)
Case manager office visits Week 1, 4, 8 Week 1, 8, 26
Medical management visits Week 7 Week 7
Education workshops Week -2, -1 Week -2, -1
Exercise classes Week 1 - 13 (2x / week), Week 1-14 (1x/ week),
Week 14 (1x / week). Week 16 — 28 (1x / 2weeks),
Week 32-52 (1x / month)

3.3.6 ANALYTICAL HORIZON

The primary analytic horizon captured 2-year study outcomes generated from the prospective
experimental design. Follow-up data collection occurred 13, 26, 52, 65, and 104 weeks after program
intake via questionnaire and face-to-face interviews. Figure 3.2 provides an overview of the
experimental design.

Figure 3.2: Overview of Experimental Design

3-MO

Recruitment, Baseline Group
Assessment &
Stratification by

Outcome Measures @

Gender 13, 26, 52, 65, 104 wks

12-MO
Group —

3.4 PRIMARY OUTCOME MEASURES FOR COST-UTILITY ANALYSIS
3.4.1 Resource ldentification, Measurement, and Valuation

3.4.1.1 Identification of Resources

A detailed treatment path schemata was developed to describe the therapeutic pathway of patients
involved in each of the experimental groups (Appendix 5). The schemata, serves to describe potential
downstream events over the 2-year follow-up period and was used to identify relevant resource
categories. Primary outcome measures include program delivery costs (staff time per patient, overhead
cost, equipment, tests/procedures), health care utilization (physician visits, emergency room visits, tests,
procedures), visual analog scale, time trade-off, morbidity, mortality. Costs have been broken down into
two broad cost related categories; intervention delivery costs and health care services costs. Appendix 6
provides an overview of the key study variables.

3.4.1.2 Intervention Delivery Costs

The principal resource items of interest are the individual sessions within the CR program including
exercise classes, medical consultations, and individual counseling sessions with a member of the CR
professional staff (e.g. dietician, psychologist). The cost of sessions for the CR program was measured
using a bottom up costing methodology, which involves recognition of the individual resource items
(such as staff time, accommodation and overhead) comprising the composite resource.
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3.4.1.3 Health Care Services Use

Health care services costs were limited to cardiac related costs, assessed from the perspective of the
health care system. The use of additional health care resources was estimated by questionnaire delivered
to patients at each of the follow-up time points (See Appendix 7). The questionnaire asked participants
to report medical test/procedures, physician visits, and days hospitalized in the month preceding
questionnaire completion. The study coordinator reviewed questionnaires with participants each follow-
up evaluation to ensure the accuracy of the data. Resource consumption was measured in natural units
(number of physician visits, hospitalization days, number of laboratory and diagnostic tests and
procedures) and presented by category including in-patient, emergency, outpatient visits. Clinical
events, including death, MI, repeat revascularization, were tracked from the date of randomization until
the end of the 2-year follow-up.

3.4.1.4 Cost Valuation

Costs per patient will be calculated as the product of each patient’s use of resources and the
corresponding unit cost in Canadian Dollars (CDN 2002). A summary of the cost and sources used in
the valuation of health services in provided in Appendix 8. Available cost data from the UOHI was used
for the calculation of professional staff wages, accommodation, and overhead. The cost of medical and
exercise equipment was obtained from purchase records. Equipment costs (10-year amortization) were
adjusted to reflect 2002 costs using a discount rate of 5%.

Cost per weighted case for most cardiovascular procedures (CABG, PCI, STENT, endarctoectomy,
pacemaker implant) was obtained from the Ontario Joint Policy and Planning Committee (JPPC) [72,
73]. The cost of in-patient hospitalizations for myocardial infarction, heart failure, angina was also
obtained from the JPPC [34]. The cost of outpatient diagnostic testing (cardiopulmonary stress test,
echocardiogram) was obtained from Ontario Hospital Insurance Plan (OHIP) schedule of benefits which
allows estimation of the unit costs of resources based on standard methods of cost allocation. The costs
of additional health care resource use, such as, emergency visits, primary care visits, additional specialist
consultations, were obtained from OHIP premiums [74].

3.4.2 Quality Adjusted Life Years
Quality Adjusted Life Years (QALY's) were calculated using the area under the curve method. Quality
Adjusted Life Years (QALYSs) gained was the unit of analysis used within the CUA, and serves as a

proxy of both quantity of life and quality of life [75]. Preference weight values are measured on a 0
(death) to 1.0 (full health) scale.

3.4.2.1 Time Trade-off

The Time Trade-off (TTO) was used to describe the health status of subjects. The technique consists of
a TTO question that is prefaced with a visual analog scale ranking of current health status (See
Appendix 9). The visual analog scale is a 0 to 100-point scale with anchors of death and perfect health.
Patients were asked to indicate their current health state as a percentage on this scale. The TTO question
asks subjects to consider an average life expectancy for a person their age and indicate how many years
of life they would be willing to give up to be in perfect health. The TTO follows a ping-pong
methodology in which a subject’s response to a question leads to a second TTO question with new
parameters. The time period of full health is varied until the respondent is indifferent between the two
alternatives. The preference score is determined by a ratio between the number of years (x) a patient is
willing to spend in the indifferent health state over the total number of years of life expected for his/her
age (t) (i.e. x/t) [11]. The TTO has been applied in clinical studies, economic evaluations, and the
measurement of population health [75-77]. The TTO was selected because it has been found to be
simpler for respondents to comprehend than other direct utility measures [11].

Papadakis, S. 30



Economic Evaluation of Cardiac Rehabilitation

3.4.3 DISCOUNTING

Costs were discounted to reflect values in Canadian Dollars (CDN 2002). A discount rate of 5% per
year was used as the base case with the rate varied by means of sensitivity analysis to reflect a discount
rate of 0% and 3% [40].

3.4.4 COST-UTILITY MODELING

Descriptive statistics were used to describe the characteristics of the two experimental groups. Baseline
characteristics in experimental groups was compared using two-tailed independent-group 't' tests for
continuous variables and chi-square tests for categorical variables. Between group differences in costs
and utilities were assessed using two-tailed independent t-tests. The incremental cost-utility ratio was
calculated as: (Program cost of 12-month treatment - Program cost of 3-month treatment) / (Mean
QALY gain for 12-month treatment - Mean QALY gain for 3-month treatment). The measurement of
quality adjusted life years (QALYs) was calculated for the 2-year period for which utility values are
measured using the area under the curve methodology. :

3.4.5 UNCERTAINTY

3.4.5.1 Confidence Intervals

Where appropriate, the differences between experimental groups was represented by 95% confidence
intervals. Uncertainty due to sample size and measurement errors was accounted for using Monte Carlo
simulations. The Monte Carlo simulation method allows values in which uncertainty is presumed to exist to
be varied simultaneously. Confidence intervals were created for the incremental cost-effectiveness ratios
based on the bootstrap technique [78]. The bootstrap is a Monte Carlo re-sampling technique where
observations are randomly drawn with replacement from observed cost and QALY data to construct an
empirical probability density function [64]. Bootstrap techniques provide methods for constructing CI
for any distribution [79]. A computer based (Crystal Ball Software) random number generator was used
to develop pseudo-data sets of paired data from the original data set. A total of 10,000 CB bootstrap
samples were performed (B = 10,000). The re-sampled means were used to calculate the 2.5M and 97.5"
percentiles.

3.4.5.2 Sensitivity Analysis
Sensitivity analyses were used to evaluate the robustness of conclusions of the cost effectiveness
analysis where significant assumptions have been made. The values identified for sensitivity analysis
were used to recalculate the cost-utility and cost-effectiveness ratios as appropriate using the Monte
Carlo techniques described above. The following assumptions will be subject to sensitivity analysis:

1) overhead (14% actual UOHI, and 30%, the average for a health care organization);

2) emergency visits (SD of 50%);

3) cardiac tests (SD 50%);

4) cardiovascular procedure costs (reported SD).

Sensitivity analysis was conducted using upper and lower range of costs and outcomes where means
have been used including;

1) physician fees (min, max);

2) psychology minutes (min, max);

3) utility weights (95% CI);

4) discount rate (0%, 3%, 5%).
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3.4.6 STRATIFIED AND SUB-GROUP ANALYSIS

3.4.6.1 Stratified Analysis

Differential cost and quality adjusted life years are hypothesized amongst patient sub-groups within the
cardiac population. Important differences between patient groups were explored using stratified and
sub-group analyses. Information from these secondary analyses is intended to be used to develop
hypothesis about the relative cost effectiveness of the 3-month and 12-month interventions amongst
segments of the cardiac population [40]. Stratification variables were identified a priori to reflect
important patient sub-groupings as defined by;

a) Risk Strata

The risk stratification technique developed by the Canadian Association of Cardiac Rehabilitation
(CACR) and the American Association of Cardio-pulmonary Rehabilitation (AACVPR) were used to
model 2 separate risk scores [23]. The CACR and AACVPR risk stratification models have been
developed based on epidemiological data from the Framingham study and categorize patients into
moderate, high, and very high-risk categories. The CACR risk stratification tool generates two
stratification scores for acute risk and the risk of disease progression, as well as, an overall risk
score[23].

b) Cardiac Diagnosis

Four possible referring diagnosis were eligible for study participation; coronary artery bypass graft
(CABG), percutaneous coronary interventions (PCI) including angioplasty, stent implantation, and
endarctorectomy, myocardial infarction (MI), and angina pectoris. Few authors have examined the cost-
effectiveness of cardiac rehabilitation in non-MI patient populations. Patient diagnosis groups may not
benefit equally from cardiac rehabilitation interventions. Little is known about the relative cost
effectiveness of different cardiac rehabilitation program delivery models for patients recovering from
various cardiac procedures or events. The rehabilitation of cardiac patients will differ based on cardiac
procedure or event. PCI patients experience limited disability as compared to CABG patients who have
significant rehabilitation needs.

c) Participant Age

Four categorical age groupings were assessed (<55, 55-64, 65-74, >75). Age categories have been
arbitrarily developed to represent categories above and below 65 years of age, very young, and older
patients. It is hypothesized that patients of different ages may have different cardiac rehabilitation needs
and may benefit from triage to programs which can best meet these needs.

d) Gender

There is evidence to suggest differences in the cost-effectiveness of CR between the genders [45]. These
differences may be explained by the fact that women are often older, more likely to be single, and had
more coronary risk factors than men [51]. Women also tend to have lower levels of exercise tolerance
and reduced health related quality of life scores at program entry than men [52].

3.4.6.2 Sub-group Analysis

Sub-group analysis was used to further isolate the efficacy of the interventions being compared. A two-
group categorization of participants baseline TTO score as maximal (equal to 1.0) was used to
distinguish between patients who are unlikely to gain further quality of life benefits from the
rehabilitation intervention. A second sub-analysis involves the evaluation of data from the surviving
study sample at the end of 2-years. Deceased patients due to cardiac or non-cardiac death were assigned
a QALY score of 0. Finally, the incremental cost-effectiveness between intervention arms was
evaluated in patients with an intervention compliance of 80% or greater.
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3.5 Results

3.5.1 Sample Population

3.5.1.2 Sample Size and Loss to Follow-up

A total of 396 patients were randomized to either the 3-month (N=198) or 12-month (N=198)
intervention arm with stratification based on gender. The study population represented 65.5% of eligible
patients participating in cardiac rehabilitation during the study recruitment period. Two patients from
each group were excluded from the sample post-randomization. The reasons for exclusion included
pregnancy (1), incorrect CAD diagnosis (2), and inadequate English language comprehension (1).
Exhibit 10 provides a detailed overview of data return over the 2-year follow-up period.

The two-year study dropout rate/lost to follow-up rate was 22.7%. A summary of the reasons for loss to
follow-up for each intervention arm and overall is provided in Table 3.2. The most common reason for
loss to follow-up was patient request to be withdrawn from the intervention and the associated follow-
up. The majority of with-drawls occurred in the first 3-months following randomization.

Active study participants were defined as participants who were neither, excluded, or withdrawn from
the study sample. A total of 156 active participants were in the 3-month group and 150 in the 12-month
group. Exhibit 5 provides a comparison between the patient characteristics of study dropouts and active
patients. A higher dropout rate was observed amongst female participants 36.1% (22/61) compared to
20.1% (68/328) amongst male participants. Significant differences were also noted in education and
cardiac risk strata between active participants and dropouts. Data availability for each assessment point
is summarized in Table 3.3 for active participants.

Table 3.2: Summary of reasons for loss to follow-up between intervention groups

Ineligible 2 ” 2 4 Ns
Transferred to Home 4 2 6 Ns
| program
With drawl pre-intervention 7 5 12 Ns
With drawl 19 26 45 Ns
Lost 3 8 1 Ns
lliness (psychiatric, disease) 7 5 12 Ns
Total In-Active 42 48 90 Ns
Total Active 156 150 306 Ns

Table 3.3: Summary of Data Availability for each follow-up assessment

Baseline 157 (100) 149 (100) 306 (100) Ns
3-month 152 (96.8) 141 (89.9) 293 (95.7) Ns
6-month 144 (91.7) 134 (94.9) 278 (90.8) Ns
12-month 151 (96.1) 141 (94.6) 292 (95.4) Ns
15-month 129 (82.1) 138 (92.6) 277 (90.5) Ns
24-month 149 (94.9) 131 (87.9) 280 (91.5) 026

* Proportion of data available for active participants
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3.5.2 Patient Characteristics

The cost-utility analysis was conducted using data set of 306 active study participants. Table 3.4
provides a summary of characteristics of the active study participants. The mean age of the study sample
at baseline was 58.4 years (+/-9.7), 86.8% male, with an average of 15.0 years (+/-4.0) of formal
education. The referring medical diagnosis of the sample population was CABG (45%), PCI (36.8%),
MI (11.4%), angina pectoris (6.8%). There were no differences in the clinical and demographic profiles
of intervention groups noted at baseline (See Exhibit 11).

Table 3.4: Characteristics of Active Study Partici

58.4 (9.5) 58.4 (10.7)
% Male 86.8 84.5 89.3 ns
% Female 13.2 156.5 10.7
Cardiac Diagnosis*
% CABG 45.0 43.6 46.4 ns
% PCI 36.8 39.7 33.8
% MI 11.4 10.9 11.9
% Angina 6.8 5.8 7.9
Mean Years Formal Education (SD) 15.0 (4.0) 15.1 (4.1) 14.9 (4.0) ns
Cardiac Acute Risk Strata **
% High 20.2 18.6 21.9 ns
% Moderate 49.8 55.1 444
% Low 30.0 26.3 33.8

* Admitting primary cardiac diagnosis ** AACVPR risk stratification for acute risk of exercise complications ns=non-significant

3.5.3 Clinical Events
In the 2-years following initiation of therapy, a total of 31 and 32 clinical events were documented in the
3-month and 12-month intervention arms respectively. Table 3.5 summarizes clinical events between
groups over the first year, second year of follow-up and overall. A greater number of coronary artery
bypass grafts (CABG) and non-fatal myocardial infarctions (MI) were observed in the 3-month group.
While a greater number of percutaneous coronary interventions (e.g. angioplasty, stent,
endarctorecotomy) were documented in the 12-month group. Over the 2-year follow-up period, one
CVD death was documented in the 3-month group and three CVD deaths were observed in the 12-month
group.
Table 3.5: Clinical Cardiac Events between intervention groups over year 1, year 2, and overall

| _Year1 | Year 2 : ~ OVERALL

4 3 4 2 8 5 ns
10 14 7 6 17 20 ns
Non-Fatal MI*** 2 0 2 0 4 0] ns
Fatal Mi 0 2 0 0 0 2 ns
CVD Death 1 3 0 0 1 3 ns
Non-CVD Death 0 0 1 1 1 1 ns

NOTE: Several patients under went more than one procedure *CABG= Coronary artery bypass graft surgery ** PCl= Percutaneous
Coronary Intervention *** MI = Myocardial infarction CVD= Cardiovascular
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3.5.4 COSTS

3.5.4.1 Program Delivery Costs

Total direct program delivery costs for each of the intervention groups and the incremental difference
between groups are summarized in table 3.6.1. Due to differences in the sample size between groups
total direct costs may mis-represent actual differences between groups. The mean direct per patient
costs are presented in Table 3.6.2. The 12-month intervention arm possessed an incremental total direct
cost of $6,880.03 and an average per patient cost $ 82.33. The largest differences in program delivery
costs between groups was noted to be the cost of counseling sessions with professional staff, followed
by medical consultation with the cardiac rehabilitation physician.

Table 3.6.1: Total Direct Costs of Rehabilitation Program Delivery ($CDN 2002

rofessional Staff Time
Exercise sessions $25,455.73 $21,813.92 ($3,641.81)
Contact Person Visits $14,564.82 $15,373.36 $ 808.54
Counseling Sessions $15,442.78 $21,025.93 $5,583.15
Medical Consults $34,260.60 $35,870.50 $1,609.90
Stress Management $3,601.80 $5,762.88 $2.161.08
Equipment $7,676.52 $7,457.13 ($ 219.39)
Operating costs $7,458.02 $8,036.58 $ 578.56
Total $108,460.27 $115,340.30 $6,880.03

Table 3.6.2: Mean Direct Costs of Rehabilitation Program Delivery ($CDN 2002) Per Patient

Professional Staff Time
Exercise sessions $ 144.21 $ 144.41 $ 0.20 ns
Contact Person Visits $ 98.61 $ 9747 ($ 1.14) ns
Counseling Sessions $ 99.32 $ 139.41 $41.18 .049
Stress Management $ 2280 $ 3767 $ 15.33 ns
Medical Consults $ 220.07 $ 237.40 $19.52 ns
Equipment $ 49.30 $ 4937 $ 0.07 ns
Operating costs $ 47.76 $ 53.38 $ 577 ns
Total $ 681.07 $ 759.11 $ 82.33 .032
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3.5.4.2 Health Care Use

The total direct cost of health services use is presented for each of the major cardiac service categories in
Table 3.6.3. Differences in the total health care cost are directly associated with differences in the
sample size between intervention groups. The mean per patient savings derived from the 3-month
program is $57.14 (See Table 3.6.4). The largest difference between health care costs between groups
was unspecified hospitalizations (i.e. patient noted length of stay but not reason for hospitalization).

Table 3.6.3: Direct Costs of Health Care Services Use ($CDN 2002

[Hospitalizations
CABG $88,200.00 $63,000.00 ($25,200.00)
PTCA $67,692.00 $74,510.00 $6,818.00
MI $10,927.80 $10,927.20 ($0.60)
Other Cardiac* $20,752.80 $29,734.30 $8,981.50
Unspecified** $83,250.00 $110,075.00 $26,825.00
Emergency Visits $3,453.45 $3,289.00 ($164.45)
[Cardiac Diagnostic $40,372.01 $48,638.18 $8,266.17
Physician Services
General Practitioner $123,844.50 $108,240.75 ($15,603.75)
Cardiac Specialist $126,504.00 $106,848.00 ($19,656.00)
Other Specialists $129,417.75 $121,014.00 ($8,403.75)
Total $694,414.31 $676,278.03 ($18,136.28)

02) Per Patient

Hospitalizations
CABG $ 565.38 $ 420.00 ($145.38) ns
PTCA $433.92 $496.73 $ 62.81 ns
M $ 70.05 $ 7285 $ 280 ns
Other Cardiac* $133.03 $198.23 $ 65.20 ns
Unspecified** $ 533.65 $733.83 $ 200.18 ns
Emergency Visits $ 2214 $ 21.93 ($ 0.21) ns
Cardiac Diagnostic $ 258.79 $ 324.25 $ 65.46 ns
Physician Services
General Practitioner $ 793.86 $721.61 ($ 72.25) ns
Cardiac Specialist $810.92 $712.32 ($ 98.60) ns
Other Specialists $ 829.60 $ 806.76 ($ 22.84) ns
Total $4,451.38 $4,508.52 $ 57.14 ns

*Other cardiac: Hospital admission for angina, heart failure, arrhythmia, AAA, pacemaker implant, cardio version
**Unspecified: Hospital days reported with unspecified reason for admission (valued using UOHI hotel costs)
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3.5.5 Utilities and Quality Adjusted Life Years

3.5.5.1 TTO Utilities

The mean time trade-off scores for intervention groups and differences between groups over the 2-year
follow-up period are presented in Table 3.7.1. The mean trade-off scores adjusted for baseline
differences are presented in Table 3.72.

Table 3.7.1: Mean Time Trade-off Scores for the intensive (3-month), distributed (12-month) program, and
differences between groups over time

Baseline 0.8305 | o128 -0.0177 T ns
3-months 0.8832 0.8815 -0.0017 ns
6-months 0.8875 0.8904 0.0028 ns
12-months 0.8938 0.8913 -0.0025 ns
15-months 0.9125 0.8834 -0.0291 ns
24-months 0.8951 0.8005 -0.0946 .002

ean change in observed time trade-off scores (adjusted for baseline differences)

{1

3-months 0.0527 0.0704 0.0177 ns
6-months 0.0586 0.0784 0.0198 ns
12-months 0.0648 0.0793 0.0145 ns
15-months 0.0833 0.0715 -0.0118 ns
24-months 0.0660 -0.0108 -0.0768 .03
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3.5.5.2 Quality Adjusted Life Years

Table 3.7.3 summarizes the mean quality of life year (QALY) gained for the intervention groups and the
incremental mean QALY gain between groups at 2 years. The mean gain between intervention groups
at the end of year 2 was 0.009 greater in the 3-month intervention arm as compared to the 12-month
group. Figure 3.3 provides a graphical representation of time trade off scores used to calculate the area
under the curve for the mean quality adjusted life year gained 2 years following initiation of CR.

Table 3.7.3: Mean quality adjusted life years gained (adjusted for baseline differences) at 2-years
calculated using the area un

e

[ Delta QALY (2yr) 0.05318

Figure 3.3: Mean Time-Trade-off Scores for the standard and distributed intervention arms over 2-years
adjusted for Baseline Differences
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3.5.6 Incremental Cost-Utility

Incremental cost-utility ratios were calculated for the end of year 1 and year 2. The cost per QALY
gained was $16,228 at the end of two years in support of the 3-month intervention arm. Table 3.8.1
summarizes the incremental cost, QALYS gains, and cost-utility ratio.

Table 3.8.1: Estimates of incremental costs (CDN 2002), quality adjusted life years (QALYs), and
cost/QALY gained with the 12-month cardiac rehabilitation group at year 2 using differences in the
time trade-off (TTO

ean Program Delivery Costs . $ 8233
Mean Health Care Savings $ 57.14
Net HC Expenditures $ 139.47
Delta QALY (2 year) - 0.0086
Incremental Cost/ QALY (% 16,228)

3.5.7 Uncertainty

3.5.7.1 Bootstrap Confidence Intervals

Table 3.8.2 provides a summary of the mean and 95% confidence intervals for study costs, QALY gains
and recalculated cost-utility ratios. The scatter-plot of incremental costs and QALY gains is displayed
in Figure 3.4 based on the bootstrap replications. The scatter-plot demonstrates the fact that uncertainty
exists across all four quadrants of the CE plane suggesting caution should be used in the interpretation of
bootstrap confidence intervals.

Table 3.8.2: Incremental Costs, mean QALY gain, and Cost/QALY calculated for the mean, lower 2.5%
the Bootstra techni

Incr. Net Costs $ 13947 ($ 287) $ 566
Incr. QALY (2-year) -0.0086 -0.013 -0.004
Incr. Cost / QALY (% 16,228) $ 22,169 ($ 134,141)
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Figure 3.4: Scatter plot of the Bootstrap replications of the Incremental Cost and Incremental QALY
Gain on the CE plane (B=10,000)

Ry=$134,141/QALY R=$16,228/QALY

R =822,169/QALY

Incremental QALY Gain

Incremental Costs

3.5.7.2 Cost-Effectiveness Acceptability Curves

Due to the difficulty in interpretation of ICUR that is introduced when the distribution of bootstrap
replications falls into multiple quadrants of the CE plane a cost-effectiveness acceptability curve
(CEAC) was prepared to assist with data interpretation. The CEAC was modeled based on probabilities
derived from the bootstrap replications and therefore represent an estimate of the positive net benefit.
Figure 3.5 displays the probability that the 12-month program will produce a positive net benefit. The
CEAC displayed in Figure 3.6 indicates the probability that the 3-month program will be found more
cost-effective ranges between 0.63 and 0.67. Exhibit 12 provides a summary table of the probabilities
that the 3-month program was cost-effective at each of the threshold values.
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Figure 3.5: Cost-effectiveness acceptability curve illustrating the probability the 12-month
treatment is optimal at each monetary threshold value
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Figure 3.6: Cost-effectiveness acceptability curve illustrating the probability the 3-month
treatment is optimal at each monetary threshold value
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3.5.7.3 Sensitivity Analysis
Table 3.8.3 provides a summary of the incremental mean, and 95% confidence intervals for key study

parameters adjusted to reflect uncertainty using probabilistic Monte Carlo simulations and the
recalculated cost-utility ratios. Exhibit 13 provides a detailed summary of the recalculated means for
variables adjusted within the sensitivity analyses.

Table 3.8.3: Incremental Costs, QALYs gained, and Cost/QALY calculated for the mean adjusted for
uncertainty via sensitivity analysis using Monte Carlo Simulation

"561.29) $ 150955
Incr. QALY (2-year) -0.01 -0.01 -0.01
Incr. Cost/ QALY ($ 91,899) $ 98,116 ($ 159,955)
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3.6 Stratified Analysis

3.6.1 Risk Stratification

Stratified analyses were used to compare differences across cardiac risk strata using both the Canadian
Association of Cardiac Rehabilitation (CACR) Guidelines and the American Association of
Cardiovascular-Pulmonary Rehabilitation Guidelines (AACVPR).

The results of the stratified analysis for the CACR composite risk stratification score and sub-scales for
acute risk and disease progression are presented in Tables 3.9.1 through 3.11.2. The cost-utility ratio for
each strata compared has been summarized in the last column of the incremental mean cost table titled
interpretation using guidelines provided by Laupacis[10, 80]. Estimates of incremental cost-utility
suggest the standard 3-month program was a more cost-effective intervention for patients at higher
overall risk and risk of disease progression as assessed by the CACR risk stratification tool. The 12-
month program was more cost-effective for patients at lower risk of disease progression as assessed by
the CACR tool. Table 3.12.1 and Table 3.12.2 display similar findings using the AACVPR risk
stratification tool.

3.6.1.1 Canadian Association of Cardiac Rehabilitation (CACR) Total Risk Score

Table 3.9.1: Mean Costs, QALYs gained (adjusted for baseline differences) across CACR total cardiac risk
strata for the 3-month and 12-month intervention arms at 2 years

3-month
Moderate 45 s 3,269 0.0429
High 7 13 5,704 0.0735
Very High 3 13 6,396 0.0573
12-month
Moderate 40 |g 5,176 0.0660
High B 18 5,595 0.0593
Very High 3 13 4,549 0.0368

Table 3.9.2: Two Year Incremental Mean Costs, QALYs gained, and Cost/QALY gained between the 3-
th and 12 th int ti CACR total cardiac risk strat

Moderate $ 1,908 0.0231 $ 82,582 | 12-month more expensive, more effective

High $ (109) -0.0142 $ 7,666 | 3-month more expensive, more effective
Very High $ (1,847) -0.0205 $ 90,314 | 3-month more expensive, more effective
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3.6.1.2 Canadian Association of Cardiac Rehabilitation (CACR) Acute Risk Score

Table 3.10.1: Mean Costs, QALYs gained (adjusted for baseline differences) across CACR acute cardiac
risk strata for the 3-month and 12-month intervention arms during 2-year trial

3-month
Moderate 42 $ 3,360 0.0630
High 77 $ 5,352 0.0587
Very High 36 $ 6,725 0.0664
12-month
Moderate 38 $ 5,145 0.0894
High 65 $ 5,293 0.0604
Very High 44 $ 5,290 0.0197

$ 1,785 $ 67,727 -month more expensive, more effective
High $ (59) 0.0018 (3 33,153) | 12-month Dominant (less expensive, more effective)
Very High $ 1434 -0.0468 $ 30,642 | 3-month more expensive, more effective

3.6.1.3 Canadian Association of Cardiac Rehabilitation Risk of Disease Progression

Table 3.11.1: Mean Costs, QALYs gained (adjusted for baseline differences) across CACR risk of disease
i trata for the 3 th and 12 th interventi at 2 years

3-month

Moderate 60 $ 3,749 0.0441

High 63 $ 6,611 0.0864

Very High 32 $ 4,858 0.0461
12-month

Moderate 50 $ 4,662 0.0803

High 69 $ 5,811 0.0396

Very High 28 $ 4,998 0.0403

Table 3.11.2: Two-Year Incremental Mean Costs, QALYs gained, and Cost/QALY gained between the 3-
month and 12-month intervention arms across CACR risk of disease progression strata

Moderate B 12-month more expensive, more effective

$ 913 0.03619 $ 25,224

High 3-month more expensive, more effective
$ (801) -0.0463 $ 17,097

Very High 3-month Dominant (less expensive, more
$ 140 -0.0058 $ (24,059) | effective)
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3.6.1.4 American Association of Cardiovascular-Pulmonary Rehabilitation (AACVPR) Risk
Stratification

Table 3.12.1: Mean Costs, QALY gained (adjusted for baseline differences) across AACVPR cardiac risk
strata for the 3-month and 12-month interventions at 2 years

3-month
Low 28 $ 3,905 0.0172
Moderate 85 $ 5,230 0.0866
High 42 $ 5,751 0.0404
12-month
Low 32 $ 3,534 0.0724
Moderate 67 $ 6,019 0.0395
High 49 $ 5,368 0.0606

Table 3.12.2: Two-Year Incremental Mean Costs, QALYs gained, and Cost/QALY gained between the 3-
month and 12-month intervention arms across AACVPR risk strata

Low $ (370) 0.0552 $ (6,710) 12-month Dominant

(less expensive, more effective)
Moderate $ 789 - 0.0471 $ (16,770) 3-month Dominant

(less expensive, more effective)
High $ (383) 0.0202 $ (19,014) 12-month Dominant

(less expensive, more effective)
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3.6.2 Cardiac Diagnosis

Stratified analysis between referring cardiac diagnosis groups suggest the 3-month program was a cost-
effective program for CABG patients (See Table 3.13.1). Differences in the estimates for incremental
cost-utility ratios between MI, angina pectoris, and PCI are not significant at the $50,000/QALY
threshold (See Table 3.13.2).

Table 3.13.1: Mean Costs, QALYs gained (adjusted for baseline differences) across cardiac diagnosis
groups for the 3-month and 12-month groups during the 2-year follow-up

Ml 18 $ 5,611 0.0224
Angina 9 $ 4415 0.0497
CABG 66 $ 4,307 0.0891
PCI 64 $ 5,988 0.0461
12-months
MI 18 $ 7,898 -0.0286
Angina 12 $ 7,803 0.0283
CABG 70 $ 3,968 0.0793
PCI 50 $ 5,514 0.0517

Table 3.13.2: Two-Year Incremental Mean Costs, QALY gained, and Cost/QALY gained between the 3-
month and 12-month intervention arms across cardiac diagnosis groups

Mi $ 2,287 -0.0510 $  (44,889) | 3-month Dominant

(less expensive, more effective)
Angina Pectoris | $ 3,388 -0.0214 $ (158,592) | 3-month Dominant

(less expensive, more effective)
CABG $ (318) -0.0100 $ 32,589 | 3-month more expensive, more effective
PCI $ 474) 0.0056 $ (84,873) | 12-month Dominant

(less expensive, more effective)
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3.6.3 Participant Age Categories

Stratified analyses between participant age categories reveal younger (<55) and patients 65-74 years of
age displayed larger mean QALY gains in the 3-month intervention group (See Table 3.14.1). Patients
between the ages of 55-64 and 75 years or greater observed larger mean QALY gains and lower mean
direct costs in the 12-month intervention arm (See Table 3.14.2).

Table 3.14.1: Mean Costs, QALYs gained (

adjusted for baseline differences) across participant age
t for the 3 i i

i al

3-months
<55 59 $ 3,824 0.0737
55-64 53 $ 5,657 0.0536
65-74 38 $ 6,796 0.0691
>75 7 $ 2,965 -0.0085
12-months
<55 62 $ 6,587 0.0609
55-64 48 $ 4,028 0.0749
65-74 28 $ 4,924 -0.0122
>75 12 $ 4,263 0.0446

Table 3.14.2: Two-Year Incremental Mean Costs, QALYs gained, and Cost/QALY gained between the 3-
nd 12-month intervention arms across Participant Age Categories

$ 2,763 -0.0128 $ (215,369) | 3-month Dominant
(less expensive, more effective)
55-64 $ (1,630) 0.0213 $ 76,454 | 12-month Dominant
(less expensive, more effective)
65-74 $ (1,872) -0.0569 $ 32,882 | 3-month more expensive, more effective
>75 $ 1,298 0.0531 $ 24,430 | 12-month more expensive, more effective
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3.6.4 Gender

Table 3.15.1 provides summary of the mean costs and QALY for male and female study participants.
Female cardiac patients were observed to have experienced significant QALY gains (+0.0845) in the 12-
month group compared to the 3-month. A cost-utility ratio of $56,611 was found in the 12-month group
in the sample of women. The stratified analyses with male participants indicate the standard program is
superior associated with a CE ratio of $17,743/QALY (See Table 3.15.2).

Table 3.15.1: Mean Costs, QALYs gained (adjusted for baseline differences) across participant gender for

the 3 th and 12 th on arms during 2
3-months
Female 25 $ 5,273 0.0399
Male 129 $ 5,128 0.0662
12-months
Female 16 $ 9,973 0.1244
Male 130 $ 4,710 0.0427

Table 3.15.2: Two-Year Incremental Mean Costs, QALYs gained, and Cost/QALY gained between the 3-
month and 12-month intervention arms across Participant Gender

Female $ 4,701 0.0845 $ 55,611 12-month more expensive, more effective

Male $ (418) -0.0236 $ 17,743 3-month more expensive, more effective
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Figure 3.7 provides an overview of the stratified analyses performed. The cost-effectiveness ratios
favouring the 3-month group are presented on the left of the figure and those favouring the 12-month

intervention arm are presented on the right.

Figure 3.7: Summary of Incremental Cost Utility Ratios from Stratified Analyses across AACVPR and
CACR Cardiac Risk Strata, Cardiac Diagnosis, and Age Categories

Quadrant IV
Standard program less costly and more effective

CACR Acute — very high
CACR Disease Progression — very high
AACVPR - moderate

QUADRANT |
Distributed Program more costly and more
effective

CACR moderate
CACR Disease Progression moderate

M bhge »75 vears
Angina remales
Age <565
QUADRANT Il QUADRANT II
Standard program more costly and more effective Distributed program more costly and more
effective
CACR high
CACR very high CACR Acute - high

CACR acute moderate
CACR disease progression high
CABG
Age 65-74
Males

AACVPR — low
AACVPR - high
PTCA

Age bh-b4
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3.7 Sub-group Analysis

Sub-group analyses were performed in patients reporting a time-trade-off utility score of 1.0 or less at
baseline. Given that the capacity for treatment effect was negligible in patients reporting TTO scores of
1.0 at baseline this analysis was conducted to assess intervention impact on patient population with
potential for clinical improvement. Table 3.16 provides a summary of the group and incremental cost-
utility ratios for this patient sub-group. Differences between groups were not found to be significant.

Table 3.16: Mean two-year costs, QALYs gained, and Cost/QALY in patients with a baseline Time-Trade-
off score of less than 1.0

3-month
$ 6,359.84 0.1499 $ 42,435
12-month
$ 5,994.86 0.1493 $ 40,149
Incremental
$ 364.99 -0.0006 $ 654,697 Dominant

Sub-group analyses were performed in the sample of survivihg patients over the 2-year follow-up
period. The incremental cost utility analysis with the six deceased patients removed is presented in
Table 3.17. The 3-month intervention was dominant ($24,878) with an estimated mean incremental

QALY gain of 0.006.

gst surviving patients

Table 3.17: Mean two-

3-month 154 $ 4,842.18 0.0927 $ 52214.82
12-month 146 $ 4,992.32 0.0867 $ 57,581.13
Incremental 300 $ 150.14 -0.0060 $ (24,877.79) Dominant
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Figure 3.8 provides an overview of the compliance with exercise treatment for the 3-month and 12-
month intervention groups. Differential compliance rates with the exercise sessions were observed over
the three phases of the 12-month CRP. A 20% drop in compliance was observed after 6-months of
intervention when the frequency of supervised exercise sessions was reduced from bi-monthly ( 2
sessions per 4-weeks) to monthly (1 session per 4 weeks). Table 3.18 provides an overview of the mean
cost-utility ratios for the 3-month, 12-month and incremental differences between groups 2-years
following initiation of cardiac rehabilitation. In patients with compliance rates of 80% or greater the 3-
month intervention arm produced larger QALY gains (+0.03) and a cost-utility ratio that is dominant
($18,974/ QALY).

Table 3.18: Mean two-year costs, QALYs gained, and cost per QALYs gained in patients with intervention
compliance rates of 80% or greater

3-month 120 $ 5,026.90 0.0812 $ 61,875
12-month 113 $ 559540 0.0513 $ 109,108
Incremental 233 $ 568.50 -0.0300 $ (18,974) Dominant

Figure 3.8: Rates of compliance with intervention protocol for the 3-month and12-month
intervention groups
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3.8 Discussion

3.8.1 Cost-Utility

This study is one of only two cost-utility analyses evaluating cardiac rehabilitation services and the only
full prospective randomized control trial evaluation of alternative CR program delivery against standard
CRP. The 3-month intervention was found to be dominant ($16,228/QALY), resulting in a lower
overall cost to the health care system and larger gains in QALY's two years following initiation of CR.
Confidence Intervals calculated using Monte Carlo simulation reveal differences between groups are
significant at the 95% level (lower CI $22,169/QALY; Upper CI ($134,141)/QALY). The cost-utility
ratio observed at the upper confidence interval remained dominant, however that observed at the lower
confidence interval produced both larger costs and greater mean QALY gain for the 3-month group
(Quadrant III). A probabilistic sensitivity analyses was conducted by sampling from each of the
variables associated with significant uncertainty simultaneously using Monte Carlo simulation. The
recalculated mean cost-utility ratio based on the sensitivity analysis continued to favour the 3-month
intervention though difference between groups was small $91,899/QALY gained.

Confidence intervals calculated using the Bootstrap technique indicated that uncertainty concerned more
than 1 quadrant of the CE plane (Figure 5.71). This type of uncertainty poses problems in the
interpretation of confidence intervals since we are unable to differentiate between positive and negative
ICER that favour the distributed 12-month treatment and those that favour the standard treatment [79].
The Cost-Effectiveness Acceptability Curves (CEAC) displayed in Figure 3.6 assists in summarizing
uncertainty as a measure of the number of times the bootstrap replications fall to the left (favouring the
3-month treatment) of the cost-effectiveness plane for specific ICER thresholds summarized as a
probability of a positive net benefit. The observed probability of a net benefit for the 3-month treatment
ranged between 0.63 and 0.67 support the conclusion that the 3-month treatment was superior in a larger
proportion of cases. Study findings suggest the experimental 12-month intervention does not provide
greater benefits than the standard cardiac rehabilitation program delivery as originally hypothesized.

3.8.1.1 Program Delivery and Health Care Costs

Costs attributable to the cardiac rehabilitation program delivery were $681.07 and $759.11 for the three
and twelve-month intervention arms, respectively. The main cost differentiator was the higher rate of
professional one-on-one consultations conducted in the twelve-month group. The opportunity for 12-
month program participants to access services over a prolonged period and the opportunity to address
rehabilitation issues that arose later in the intervention period served to increase the total number of
professional consultations. The mean incremental health care savings provided by the 3-month program
was $57.14, (Lower 95% CI: ($355); Upper 95% CI: $480). Mean differences between groups with
respect to health care use were not significant at the 95% confidence interval.

3.8.1.2 Quality Adjusted Life Years

Both intervention groups displayed a mean time-trade off (TTO) gain over the first year of follow-up.
The mean QALY gain observed within groups over the 2-years was 0.061 and 0.053 for the 3-month and
12-month groups respectively. At the end of first year of follow-up the mean QALY gain adjusted for
baseline differences was greater in the 12-month group. A slight drop in TTO gains in both groups was
observed between year 1 and year 2. The mean 2-year QALY gain was significantly greater in the 3-
month group as compared to the 12-month. Despite a greater mean baseline TTO score, when adjusted
for baseline differences the mean two-year QALY gain continued to favour the 3-month intervention
arm (0.009). Interestingly, 51.3% of patients reported a time-trade off score of 1.0 (full health) at
baseline. Most of these patients were consistent in reporting maximal health states throughout the 2-
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year follow-up period suggesting a ceiling effect is associated with the TTO in cardiac rehabilitation
settings.

3.8.1.3 Stratified and Sub Group Analyses

As recommended by Torrence (1996), stratified analyses were based on variables identified a priori and
are interpreted with caution [35]. Several authors have explored the role of disease risk on the cost-
effectiveness of CVD interventions[66]. Stratified analyses suggest the 3-month program, was a more
cost-effective intervention for patients at high risk of disease progression ($17,097/QALY), CABG
(8$32,587/QALY) and MI ($44,889/QALY) as well as male ($17,743/QALY) patients. The 12-month
program was slightly more cost effective for patients with lower risk of disease progression
(325,224/QALY), patients older than 75 years ($24,430/QALY) and female ($55,611/QALY) cardiac
patients. These results suggest patients may benefit from triage to available CR intervention models
according to the risk strata, and diagnosis group into which they fall.

Sub-group analyses performed in the sub-sample of patients who reported a TTO score that was less
than maximal (<1.0) supported the 3-month intervention as dominant. Dominance continued to be
observed when analyses were performed in the sub-set of surviving patients ($24,878/QALY) and with
patients reporting intervention compliance rates of 80% or greater. A mean QALY gain of 0.03 was
observed in the sub-group analyses of highly compliant patients. This significantly greater than the
mean QALY gain of 0.009 observed in the main analysis. Stratified and sub-group analyses may be
compromised by insufficient sample size and must be validated by further study.

3.8.1.4 Cost-Utility Thresholds

To assist with the interpretation of incremental cost effectiveness ratios Laupacis (1992) has
recommended a 4-tier grading system for classifying the relative cost effectiveness of health care
services (See Table 3.19) [80]. The incremental cost-utility ratios observed in this trial falls within the
highly cost-effective range (<$20.000 / QALY) [80]. Attempts by Laupacis and others to quantify the
value of the maximally acceptable cost-utility ratio have received wide-spread criticism. This is in part
due to the arbitrary nature of such cut-offs, the inconsistency such thresholds hold when attempting to
maximize outcomes from fixed health care budgets, and even the effect of the time value of money [79].
In a recent publication, Laupacis suggests that given the time value of money a CE ratio of less than
$50,000 can be considered attractive and may serve as a more relevant threshold [81]. While there is no
universally accepted guideline for ranking the relative cost-effectiveness of competing health care
interventions these guidelines can assist with comparing observed CUA ratios with what is generally

considered acceptable.
Table 3.19: Classification of Incremental Cost-Effectiveness Values (Laupacis, 1992)

Cost/ QALY Classification

Less than $20,000 Highly cost effective
$20,000 and $40,000 Relatively cost effective
$40,000 and $60,000 Borderline

Greater than $60,000 Expensive

3.8.2 Comparability with other cardiac interventions

Olrdridge (1993) conducted the only other cost-utility analysis of cardiac rehabilitation services [29]. In
this study an 8-week cardiac rehabilitation intervention was compared against a standard care control
group. A mean gain of 0.052 QALY was reported based on time-trade off scores one year following
initiation of cardiac rehabilitation compared to standard care. In the present trial a smaller incremental
mean QALY gain was observed 0.009 between intervention arms. This finding is not surprising given
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the current intervention sought to compare to active interventions. The mean cost of the CR intervention
in the Oldridge trial was $570 (CDN 1987) which is comparable to program delivery costs ($681 and
$759) observed in the present trial. In the Oldridge trial, costing was only performed for health care
services where a significant difference in utilization rates between groups was observed. As such the
only service assigned a cost value was other rehabilitation visits. The $9,200/QALY is in a comparable
range to that observed in this trial when comparing two alternative program delivery models.

Table 3.20 provides a summary of the cost-utility ratios of CVD interventions including the cost per
QALYs for CABG, PTCA, and pharmaceuticals. While the comparison table is useful to clinicians and
researchers in placing the findings of the current study into perspective, we caution against direct
comparisons between trials given the heterogeneity in the study designs of the noted trials including time
horizons, perspectives, and patient populations.

Table 3.20: Comparison of the Cost-Utility Ratios (Cost/QALY) of various Cardiovascular Interventions
valued in the year and currency of publication and CDN (2002) and USD (2002)

Intervention Comparator Cost/QALY Cost/QALY
2002 CDN*
2002 USD*
Standard (3-MO) CR 12-MO CR CDN ($16,224) (2002) CDN ($16,224)
USD ($ 10,373)
8-week CR (in mildly to moderately depressed Mi Standard USD $ 9,200 (1991) CDN §$ 23,736
patients) [29] care UsD $ 15,176
Coronary artery angioplasty (one vessel, severe angina) Medical care USD $ 8,700 (1993) CDN $ 22,816
[32] USD $ 14,588
Coronary artery angioplasty (one vessel, mild angina) Medical care USD $126,000 (1993) CDN $330,448
[32] USD $211,276
Captopril (in 50 year old patients surviving M) [82] No Captopril USD $76,000 (1998) CDN $221,548
USD $141,649
Coronary artery bypass graft (left main disease) [83] Medical care USD $ 7,900 (1991) CDN $ 10,382
UsD $ 13,032
Coronary artery bypass graft (1-vessel disease in Medical care USD $68,200 (1991) CDN $175,962
patients with mild angina) [83] USD $112,503

* 5% Discount Rate Applied

3.8.3. Strengths and Limitations

This trial marks the first prospective trial to include non-MI subjects (CABG, PTCA, Angina) thereby
increasing the generalizability of study findings to the current composition of cardiac rehabilitation
patients. This study is one of only two cost-utility analysis evaluating cardiac rehabilitation services.
We have also produced the first full prospective evaluation of alternative cardiac rehabilitation delivery
models. The trial utilizes best practices in economic design and analysis thereby adding to the quality of
published literature surrounding the economic viability of cardiac rehabilitation services.

There are potential sources of bias in the study findings. Approximately 33% of data was missing at the
end of two years as a result of loss to follow-up. A slightly greater loss to follow-up rate was seen in the
12-month group upon completion of the active intervention (i.e. after year 1) as compared to the 3-
month group. This differential rate of loss to follow-up introduces bias to the study’s findings. A
significantly larger dropout rate was observed amongst female participants (21% in males vs. 36% in
females). The representation of women in the present trial is limited by the relatively large dropout rates
observed amongst female patients. The present analysis was based on the sample of 306 active study
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participants. The use of the active study sample for data analyses was based upon the significant
uncertainty associated with estimating health care services use in non-active participants as well as the
effect inclusion of inactive participants upon the baseline TTO score. Exhibit 6 provides an overview of
the data analysis results when based on the 396 randomized patients.

The lack of a comparative control group minimizes the ability of this trial to determine if differences
between intervention groups are greater than that which may have been observed compared to a standard
care control. This study is also not able to add new evidence to support the cost-effectiveness of cardiac
rehabilitation services as compared to standard care.

The 3-month (33-session) cardiac rehabilitation program was designed to resemble the most common
format of cardiac rehabilitation program delivery in North America. The 12-month program was
selected for inclusion based on theoretical soundness. It is possible that a different schedule or program
duration may have yielded a different result. The observed drop in compliance in the 12-month group
after 6-months suggests the frequency of contact in this final program phase was not well received by
patients and may have had an impact on study outcomes.

The generalizability of study findings may also be limited by the fact that this study was set in a large
tertiary care centre in Canada. The medical practices and service delivery models may differ from that
observed in other international centers. The fact that the Canadian health care system is funded through
federal and provincial governments is significantly different than that observed in other countries such
as the United States. In the United States cardiac rehabilitation services and health care expenditures
would be borne through a combination of government, patient, and third party insurers.

The validity of applying these results to different health care settings and systems is not clear.

The time horizon of this study was limited to the two-years following initiation of CR intervention.
Unlike surgical interventions such as CABG, which incur large up-front costs result in immediate
benefits, prevention programs have a lower uniform cost and delayed benefits [11]. Since prevention
programs tend to produce benefits over an extended time horizon, a longer follow-up period may have
produced different results. The differences observed in the mean QALY gain between year 1 and 2 of
follow-up in the current trial supports this hypothesis.
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3.9 Conclusions and Recommendations

3.9.1 Conclusions

Study findings suggest the experimental 12-month intervention does not provide greater benefits than
the standard cardiac rehabilitation program delivery model as hypothesized. Important differences were
noted in the cost-effectiveness of interventions across cardiac risk strata and diagnosis groups,
suggesting patients may benefit from triage to available CR intervention models. The development and
evaluation of alternative CR delivery models has the potential to assist in more effectively spending
cardiac rehabilitation dollars and improving CE. This study is one of only two cost-utility analysis
evaluating cardiac rehabilitation services and the only full prospective economic evaluation of
alternative CR program delivery models.

3.9.2 Implications to Practice

CEA is intended to improve clinical practice and assist in the development of clinical guidelines and
health policy by providing information about the value of alternative health interventions in specific
populations [10]. As responsible clinicians we use health economics to guide the design and
dissemination of cost-effective program models. CEAs are not intended to be the sole basis for resource
allocation in health care because of the limitations of CEA methodologies and practical considerations
involved in resource allocation. In addition to CEA findings, factors such as the opportunity to expand
reach to cardiac rehabilitation services, reduce waiting times, and ensure hard to reach patient groups
receive services should be considered. The present study has offered a number of findings, which are
relevant to clinical practice in field of cardiac rehabilitation and the design of cost effective intervention
models. Key implications are highlighted below;

3.9.2.1 Best Candidates for Cardiac Rehabilitation

The findings of this study suggest that patients may benefit from triage to available service delivery
models. The 12-month intervention was found to provide greater cost-effectiveness to specific segments
of the cardiac rehabilitation population. The cardiac patient population displays significant
heterogeneity and may benefit from the availability of several program delivery models which can be
tailored to the need of particular patient segments. Offering patients a pallet of efficacious service
delivery options may result in improved compliance and greater cost-effectiveness. There is an
opportunity to develop evidence-based triage rules to match patients to the most cost-effective service
delivery models, based on factors such as diagnostic group, risk strata, age, as well as patient preference,
and geographic location.

3.9.2.2 Intervention Compliance

Factors which effect intervention compliance may also influence the cost-effectiveness associated with
the treatment. In the present trial, we observed a significant drop in compliance in the distributed
program following the 6-month of intervention. Twenty percent of patients did not return to CR when
exercise class frequency was dropped from twice monthly to once monthly. Quantitative interviews
with patients revealed the once monthly exercise frequency has limited appeal and utility for many
patients who had established an exercise routine outside the rehabilitation setting, and was not sufficient
to assist with overcoming barriers to regular activity or dietary change in patients who had not
established these practices at the end of the first 6-months. The once monthly contact frequency appears
to have crossed a minimal frequency threshold. The reduction in compliance in the later 6-months of the
distributed program may provide some insight into the drop in QALY gained after year 1. Strategies for
improving patient compliance with intervention may assist in improving overall cost-effectiveness.
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3.9.2.3 Dose Response

In addition to intervention compliance the frequency and timing of intervention contacts is hypothesized
to have differential effects on program outcomes and cost-effectiveness. The findings of this study
suggest that early intensive program contacts may be the best means for improving quality of life
outcomes and reducing program delivery costs. Further reductions in the length rehabilitation contacts
may produce additional cost effectiveness. It will be important to determine if there is a threshold exists
regarding the minimum number of contacts required to produce equivalent gains. Patient groups may
also have differing program contact needs. Maintaining contact beyond the standard 12-week has been
noted to be particularly beneficial to elderly patients, whose PA levels is naturally less than younger
patients [84].

Many alternative program delivery models have utilized less intensive program delivery models and
emphasize a shift towards home-based models. The distributed (12-month) program delivery model
assessed in the present investigation required participants to conduct the majority of their exercise
outside the supervised cardiac rehabilitation program to meet activity targets. In many cases, cost
shifting from the rehabilitation program to the patient occurs when less intensive interventions are
employed.

3.9.2.4 Follow-up and Maintenance

As part of the study current study protocol, patients in both groups received regular follow-up
assessments at 3, 6, 12, 15 and 24 months. We hypothesize that the follow-up assessments may have
played a role in maintaining compliance levels in both groups. Other authors have noted the value of
periodic follow-up to ensure the preservation of initial gains developed through cardiac rehabilitation
[67]. It is difficult to assess the impact the follow-up assessments may have had on program
participants. Qualitative interviews with study participants were able to establish a relationship between
study follow-up assessments and motivation to remain compliant with intervention goals. An early
intensive cardiac rehabilitation intervention that is followed by a maintenance follow-up intervention
may be the most efficacious and cost-effective method for improving patient outcomes.

3.9.3 Suggestions for Future Research

3.9.3.1 Cost Utility of Alternative Program Delivery Models

This study is one of only two cost-utility investigations of cardiac rehabilitation interventions conducted
to date. Our study is also the only prospective evaluation of alternative cardiac rehabilitation service
delivery models. We have evaluated a standard 3-month versus a 12-month rehabilitation program.
Several other program delivery models may be viable alternatives. Additional trials evaluating the dose
response relationship required to produce clinical effectiveness and greater cost effectiveness are
required.

The exploration of alternative service delivery models including home-based, telephone-based, and
Internet-based CR programs will add to our knowledge of how best to treat patients. These alternative
program delivery models may provide opportunities to reach more people in a potentially cost-effective
manner. These alternative delivery modes generally require fewer resources (professional, equipment,
facility) but have not been evaluated regarding the return on the program delivery investment.

3.9.3.2 Maintenance
Further research in needed to determine the role of follow-up in the maintenance of cardiac
rehabilitation. Given that shorter more intensive delivery model appears to be the most viable program
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delivery model. Methods for promoting adherence to exercise and other lifestyle behaviours after
program completion will need to be developed.

3.9.3.3 Best Candidates

Identifying the “best candidates” for cardiac rehabilitation has intrigued researchers in the field of
cardiac rehabilitation. As an adjunct, determining best candidates for various cardiac rehabilitation
service delivery models can assist in more appropriately triaging patients to both efficacious and cost-
effective programs. Stratified analyses conducted as part of this trial have detected important difference
in the relative cost effectiveness produced by different CR delivery models across cardiac diagnosis.
This study is one of the few studies to include non-MI patient populations. Further investigation is
needed to support our understanding of how patient characteristics affect CE and which patient
candidates are best suited to available program delivery models.

3.9.3.4 The Female Cardiac Patient

A significant intervention dropout rate was observed amongst female study participants. These
observations support the findings of other studies indicate that compared to men eligible women are
more likely to drop out and fail to complete CRP [53]. Lower self-efficacy (confidence in ones ability to
engage in physical activity) and functional capacity have been documented in female cardiac patients at
baseline. Women report the need to avoid pain while exercising, flexible hours, choice in exercise [53].
Current program delivery models may not be well matched to the needs of the female cardiac
rehabilitation patient. While significant research has been conducted to determine why women dropout
there is limited investigation and experimental trials exist regarding how best to design cardiac
rehabilitation programs so as to increase enrollment, compliance and reduce dropout.

3.9.3.5 QALY Valuation

Effectiveness plays a larger role than costs in determining the CE of health care services. There is a
need to look to improving the methodological rigor which utilities are measured [85]. Utility measures
such as the time trade-off are designed to evaluate general health and are not disease specific (cardiac
health). Current gold standard direct cost-utility measures are challenging to administer and subject to
responder bias. The sensitivity of these tools to the quality of life changes gained from cardiac
rehabilitation services is uncertain. The relative sensitivity of available tools for detecting change within
cardiac patient populations is also not known. A ceiling effect was observed with the TTO scores
reported early in the intervention period. There is a need to evaluate and develop new tools for
quantifying the effects of cardiac interventions. As part of a sub-study analysis we have investigated a
new preference-based utility index (the SF-6D). The SF-6D is derived from the short form health
outcomes survey (SF-36) and is relatively easy to administer. The SF-6D is suggested to provide greater
sensitivity to quality of life change at the upper end of the utility scale and may be more sensitive for
detecting change produced by cardiac rehabilitation interventions. Chapter 3 of this Master’s thesis
submission has addressed the need for further validation of the SF-6D by conducting the first
comparative study between the TTO and SF-6D. Further investigation is required comparing the SF-6D
scores to gold standard measures and within cardiac populations before its use can be recommended.
Research into additional preference based measures and scoring systems for generating utility scores
from existing tools will add to the field of health economics and set the stage for future economic
evaluations of cardiac rehabilitation and other cardiac interventions. To the date thresholds for
meaningful TTO gains have not been established to assist with assessing the significance of study
findings. Additional investigation into the quantifying clinically meaningful utility differences will add
to our ability to interpret and compare CUA findings.
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Chapter 4:
Comparison of the Time-Trade-Off and SF-6D

Utility Measures in a Sample of
Cardiac Rehabilitation Patients
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EXECUTIVE SUMMARY

BACKGROUND: Cost-utility analyses are increasingly being used to assess the value of competing
health care interventions. The purpose of this study is to evaluate the comparability of utility scores
derived through the TTO utility measure and SF-6D preference based index; and examine the
implications of difference in utility scores on the calculation of quality adjusted life years and the cost-
utility ratios of two competing cardiac rehabilitation interventions.

METHODS: Study participants completed time-trade off interviews and SF-36 surveys at baseline 13,
26, 52, 65, and 104 weeks after program intake. Mean, standard deviation, and 95% confidence
intervals were calculated for utility scores derived from the SF-6D and TTO methodologies. With-in
subject differences in the mean utility score were tested by paired t-test and distributions were evaluated
by histogram. Correlations statistics were calculated between the SF-6D and TTO utilities across time-
points and displayed as scatterplots. Incremental quality adjusted life years and cost-utility ratio were
calculated as the difference utilities derived from the SF-6D and TTO.

RESULTS: A total of 371 patients completed TTO and SF-6D measures at the baseline evaluation.

The mean baseline utility score for the TTO and SF-6D was 0.80 and 0.67 respectively. A difference of
-.129 (LCI -.1545 - UCI .1026, p<0.001) was observed between measures. . Correlations between the
instruments ranged between 0.323 at baseline and 0.549 at 24-months (p<0.001). The mean QALY gain
between groups was 0.175 and 0.022 as derived from the SF-6D and TTO. A cost-utility ratio of
$7,326/QALY gained was calculated based on the SF-6D as compared to a ratio of $5,950/QALY using
the TTO.

CONCLUSION: In conclusion, the SF-6D may be well suited to the assessment of HRQL in cardiac
populations given its ability to discriminate among small difference at the upper end of the utility scale.
Further investigation is required comparing the SF-6D against gold standard measures and within
cardiac populations before it can be recommended as the preferred method for deriving utility scores.
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4.1 Introduction

Cost-utility analyses are increasingly being used to assess the value of competing health care
interventions. Cost utility analyses describe effectiveness in terms of the cost per quality adjusted life
year (QALY). QALYs serve as a measure of both quantity of life and quality of life by ranking health
status on an interval scale from 0 representing death and 1 representing optimal health [75]. QALY are
derived through preference utility measures by either direct measurement or, indirectly, by means of
multi-attribute health-utility systems [75]. Direct methods of measuring utilities include, the Standard
Gamble (SG) and Time-trade-off (TTO). Both are interview-based methods in which respondents are
asked to choose between alternative health state outcomes. These direct measures have been criticized
regarding the complexity of their interview based administration and difficulty encountered by patients
in processing alternatives. The use of life and death decisions within these measures has been suggested
to provide an unrealistic representation of most health care decisions. Furthermore, factors such as
personal and religious beliefs, risk attitude, and time preferences will influence a respondent’s
preferences [86, 87].

Several multi-attribute utility measures have been developed which serve as generic preference-
weighted health state classification systems that can be used for generating utility scores. These systems
generally include questions, which evaluate health state dimensions, and an algorithm based scoring
system for calculating a utility score. The EuroQoL (also known as the EQ-5D) and the Health Utilities
Index (HUI) are amongst the most popular multi-attribute health state valuation systems. Recent work
by Brazier has resulted in the development of a preference-based index derived from the Medical
Outcomes Short Form (SF-36) survey. The SF-36 health related quality of life questionnaire is widely
used in the evaluation of health care interventions. The SF-36 quality of life sub-scales and composite
scores have been validated in healthy and diseased populations and are found to be sensitive to changes
in health status resulting from cardiac interventions, including investigations of cardiac rehabilitation [6,
88, 89]. It is hypothesized that the SF-6D index may be a more robust measure of heath state status due
to the large size of its descriptive system as compared to other multi-attribute systems [90].

There have been relatively few studies, which have systematically compared between different methods
for calculating utilities. In a recent study, the SF-6D was found to produce systematically higher utility
scores than the EQ-5D and HUI [91]. Trials evaluating the SF-6D against the EQ-5D (correlation
coefficient of 0.7691, P<0.001) concluded that the SF-6D does not describe health states at the lower
end of the utility scale but is more sensitive than the EQ-5D is detecting small changes in the upper end
of the scale [92, 93]. A recent comparison between the SF-6D and the HUI (r= 0.58 CI 0.48-0.68) found
poor agreement between utility scores derived from these methods [94]. The authors suggest likely
differences between these measures are due to differences in underlying health concepts being
measured.

To date, no study has compared the SF-6D against the TTO direct utility measure. The purpose of this
study is to evaluate the comparability of utility scores derived through the TTO utility measure and SF-
6D preference based index and assess potential gains in QALY's and the associated cost-utility ratio in a
sample of cardiac rehabilitation patients.
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4.2 METHODS

4.2.1 Study Design

Data utilized in this comparative evaluation was collected from a large randomized control trial
comparing the incremental cost-utility of two alternative program delivery models. A total of 392
patients with Coronary artery disease who consented to study participation were randomized to either a
standard 3-month program were compared to a distributed 12-month program. Time trade-off
interviews and SF-36 surveys were complete with study participants at baseline 13, 26, 52, 65, and 104
weeks after program intake via questionnaire and face-to-face interview.

4.2.2 Main Outcome Measures

4.2.2.1 Time Trade-off

The TTO is a direct utility measurement that was developed based on the SG utility but designed to
consider patient face validity when evaluating health trade-offs. The technique consists of a TTO
question that is prefaced with a visual analog scale ranking of current health status. The visual analog
scale is a 100-point scale with anchors of death and perfect health. Patients are asked to indicate their
current health state as a percentage on this scale. The TTO question asks subjects to consider an average
life expectancy for a person their age and indicate how many years of life they would be willing to give
up to be in perfect health. The TTO follows a ping-pong methodology in which a subject’s response to a
question leads to a second TTO question with new parameters. The time period of full health is varied
until the respondent is indifferent between the two alternatives. The preference score is determined by a
ratio between the number of years (x) a patient is willing to spend in the indifferent health state over the
total number of years of life expected for his/her age (t) (i.e. x/t) [11]. Preference weight values are on a
0 (death) to 1.0 (full health) scale. The TTO has been applied in clinical studies, economic evaluations,
and the measurement of population health [75-77]. The TTO was selected because is simpler for
respondents to comprehend as compared to the SG despite the fact that the scores generated are not true
Von Neumann-Jorgensen Utility scores[11].

4.2.2.2 SF-6D Health State Classification

A second set of Utility scores will be calculated via the SF-6D index. The SF-6D is a simple multi-
attribute preference based health state classification system based on the popular Medical Outcomes
Short Form-36 (SF-36) health related quality of life instrument [76, 90, 95]. The SF-6D algorithms were
derived using the Standard Gamble utility measure. The SF-6D is a relatively new classification system
and has had limited use in cardiac populations. Ten items from the SF-36 are used to calculate the six
dimensions of the SF-6D and the composite index. The SF-6D has six dimensions (8 = 1,2,...,6), each
with between two and six levels (A). The six SF-6D dimensions are; physical functioning, role
limitations, social functioning, pain, mental health, and vitality.

4.2.3 Statistical Analysis

Patient data was converted into TTO and SF-6D utility scores based upon the scoring algorithms from
Torrence [96] and Brazier et. al. [95]. Descriptive statistics for the entire sample were computed along
with mean, standard deviation, and 95% confidence intervals for utilities. With-in subject differences in
the mean utility score were tested by paired t-test and distributions were evaluated by histogram.
Pearson correlation coefficient was computed between measures, as well as, Kendall’s Tau to account
for the possibility of ties between ordinal rankings.

We also evaluated the effect of the utility measures in the calculation of QALY and the resulting
incremental cost-utility ratio. QALY were calculated using the area under the curve method and
adjusted to reflect baseline differences for the standard and distributed intervention groups. The

Papadakis, S. 62



Economic Evaluation of Cardiac Rehabilitation

incremental cost-utility ratio was calculated as the difference in the mean cost divided by the mean
incremental QALY gained.

4.3 RESULTS

A total of 371 patients completed TTO and SF-6D measures at the baseline evaluation. The mean age of
respondents was 57.9 years (+/-10.9), 84.1% were male, with an average of 14.7 years (+/-4.2) of formal
education. The referring medical diagnosis of the sample population was coronary bypass graft (45%),
angioplasty (32%), myocardial infarction (17%), and angina pectoris (6%).

The mean baseline utility score for the TTO and SF-6D was 0.80 and 0.67 respectively (See Table 1). A
difference of -.129 (LCI -.1545 - UCI .1026, p<0.001) was observed between measures. Mean scores
ranged from 0.666 to 0.766 for the SF-6D and 0.794 to 0.899 for the TTO. Significant differences
(p<0.001) were observed across all time points. The distribution of utility scores is presented in Figure
1. The TTO was found to display bi-modal distribution of scores that is skewed towards the upper end
of the utility scale. The distribution of SF-6D displayed a more distribution of score. The range of
baseline scores was 0.17 to 1.0 for the TTO and 0.38 to 1.0 for the SF-6D. Interestingly, 47.9% of
baseline utility scores derived from the TTO were at the maximum value of 1 (perfect health) as
compared to 5.3% of scores derived from the SF-36 indicating a ceiling effect with the TTO.

Table 4.1: Mean, standard deviation, and 95% confidence intervals for TTO and SF-6D utilities across
time-points and QALYs calculated using the area under the curve method.

Baseline 371 7940 .6655 =129 (LCI -.15645 - UCI .1026) <0.001
3-Months 314 8725 .7559 =117 (LCI -.140 — UCI -.0932) <0.001
6-Months 269 .8815 .7666 -.1149 (LCi -.1384 -UCI -.0915) <0.001
12-Months 287 .8886 7621 -.127 (LC! -.1494 — UCI -.1036) <0.001
15-Months 269 .8991 .7505 -.149 (LC1 -.1709- UCI -.1263) <0.001
24-Months 270 .8482 7520 -.096 (LCI -.1220- UC! -.0700) <0.001
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Figure 4.1: Comparison of the distribution of SF-6D and TTO utility scores at baseline (N=371)
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A summary of the correlation coefficients calculated across time-points is displayed in Table 2.
Correlations between the instruments ranged between 0.323 at baseline and 0.549 at 24-months
(p<0.001). A scatter plot of TTO scores against SF-6D scores at baseline and 24-months is presented in
Figure 2. Data were found not to cluster tightly around the 45-degree line of perfect agreement. This
figure is effective in displaying the range of SF-6D utility scores produced for patients scoring 1.0 on the
TTO measure.

Table 4.2: Correlation coefficients for TTO and SF-6D utility scores

Baseline 371 323 .252*
3-Month 314 .389* 312
6-Month 269 501 S
12-Month 287 K .288™
15-Month 269 576** 276
24-Month 270 549 307

**Correlation is significant at the 0.01 level (2-tailed)
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Figure 4.2: Scatter plot of baseline and 24-month SF-6D and TTO derived utility scores with 45-degree
(perfect agreement) line

-

bag
=3

Pg
]
ST OOV BB G0 O

8 0o o
5 o wmkooe oo

ao

o u N Ww B v o N » ©

SFBASE
o

o
=3

2 4 6 8 1.0 12

TTOBASE

SF24

The mean utility scores and 2-year QALY for the standard and distributed treatment groups across time
is displayed in Table 3 using the TTO and SF-6D methodologies. The mean QALY gain between
groups was 0.175 and 0.022 as derived from the SF-6D and TTO. The resulting cost-utility ratio derived
for both the TTO and SF-6D is presented in Table 4. A cost-utility ratio of $7,326/QALY gained was
calculated based on the SF-6D as compared to a ratio of $5,950/QALY using the TTO utility measure.
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Table 4.3: Mean SF-6D Scores for the 3-month, 12-month, and differences between intervention groups
the t foll iod

Baseline 0.6805 0.6511 -0.0294 8035 7882 -0.0153

3-months 0.7716 0.7390 -0.0326 .8813 .8685 --0.0128
6-months 0.7794 0.7640 -0.0154 .8865 .8901 0.0036
12-months 0.7707 0.7708 0.0001 8972 .9056 0.0084
15-months 0.7725 0.7568 -0.0157 9214 9107 -0.0107
24-months 0.7811 0.7553 -0.0258 .9089 .8201 -0.0888
QALY (2-year) 0.7692 0.75166 -.0175 .8976 .8760 -0.0216

Table 4.4: Estimates of incremental Costs (CDN 2002), Quality Adjusted Life Years (QALYs), and
Cost/QALY gained with the 12-month cardiac rehabilitation group at 2-year using differences in the SF-6D
utility index

penditures 128.53 $ 12853
Delta QALY (2-year) 0.017 0.022
Cost/ QALY $ 7326 $5,950
4.4 DISCUSSION

Cost-utility analyses are increasingly being used to assess between competing health care interventions.
Accurate assessment and interpretation of QALY is critical to the validity of cost-utility analyses.
While a variety of measures exist for calculating utility scores, few studies have conducted direct
comparisons between utility scores derived from available scoring systems. This study marks the first
evaluation of the new SF-6D preference based health state classification system against the time-trade
off direct utility measure. To the best of our knowledge this is also the first application of the SF-6D in
a cardiac rehabilitation population.

Utility scores derived from the SF-6D index displayed a larger distribution, while the TTO displayed a
clustering of scores at the lower and upper end of the scale. In contrast to previous evaluations, which
have found SF-6D to be higher than those from other multi-attribute systems, the SF-6D was found to
systematically produce lower scores than the TTO[91]. This study supports the ability of the SF-6D to
discriminate against small changes in the upper rage of the utility scale. The TTO and SF-6D were
found to produce comparable mean QALY gains over the 2-year assessment period. While differences
in the relative cost-utility ratio were observed they were not statistically significant ($7,326/QALY, vs.
$5,950/QALY).
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Current gold standard direct cost-utility measures such as the TTO are challenging to administer and
subject to responder bias. The sensitivity of these tools to the quality of life changes gained from
targeted interventions such as cardiac rehabilitation appears to be limited. A ceiling effect was observed
with the TTO utility measure. Forty-eight (47.9) percent of respondent’s reported a TTO score of 1.0 at
baseline representing perfect health. To produce a score of 1.0 respondents have stated a preference for
living the remainder of their age predicted life expectancy in their current health state instead of
“trading” one or more years of life to be in perfect health. This suggests that close to half of the patient
sample would not benefit in terms of QALY's from the intervention.

Cardiac rehabilitation patients tend to be in relatively good health states as compared to other diseased
populations. The majority of cardiac rehabilitation patients included in our sample have undergone
some form of revascularization procedure (e.g. bypass surgery, angioplasty), which has improved
cardiac symptomology. The large size of the SF-6D descriptive system appears to more effectively
discriminate between good health states [90] and therefore well suited to the measurement of
effectiveness likely to be observed in cardiac rehabilitation populations. There is also an obvious benefit
in using a widely accepted health related quality of life (HRQL) tools such as the SF-36 survey for the
derivation of utility scores. This tool is currently employed and familiar to many clinicians and
researchers in the field of cardiology. Studies have found the SF-36 to be more sensitive than the EQ-
5D in detecting changes in HRQL[93].

This study is limited to the evaluation of cardiac rehabilitation patients; the generalizability of these
findings is unclear. This study is also limited to comparisons amongst a relatively limited number of
health states such as that seen in a cardiac rehabilitation population. Additional investigation will be
required to assess the comparability of the SF-6D and TTO across a broader range of health states
including those at the lower end of the utility scale.

In conclusion, the SF-6D may be well suited to the assessment of HRQL in cardiac populations given its
ability to discriminate among small difference at the upper end of the utility scale. The selection of
utility measures should consider the intervention and patient population being evaluated and opportunity
for comparisons with other evaluations. Further investigation is required comparing the SF-6D to gold
standard measures and within cardiac populations before it can be recommended as the preferred
measure.
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Appendix 1: Data Extraction Form

Author:

Year:

Title:

Journal:

Study Aim

Perspective Societal Patient Health Care System Patient
Other:

Economic Evaluation Cost Determination Cost Effectiveness Cost Benefit
Cost Utility Other:

Study Design Description:
RCT:Y/N
Incremental Analysis: Y /N

Study Population

Sample Size

Comparison Groups

Intervention Description

Length of Follow-up

Primary Outcome
Measure(s)

Outcome Collection
Measure(s)

Societal:
Lost productivity

Patient:
Lost wages

Travel costs

Time costs

Health Care:
Accommodation

Capital Costs

Overhead

Professional Staff Time

Administrative Time

Tests and procedures

Other:

Results

Program Cost:

Cost per QALY:

Cost per YLS:

Other:

Sensitivity Analysis

Conclusions
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Appendix 2: Summary of Study Characteristics

Patient Population

Patient Group # Specific % of Total # Including % of Total
to Group Group

Myocardial Infarction (M1) 10 58.8 15 93.8

Coronary Artery Bypass Graft (CABG) 0 0.0 5 31.3

Angioplasty (PTCA) 1 5.9 6 37.5

Combined 4 23.5 4 25.0

Heart Failure 1 5.9 1 5.9

CvD 1 5.9 17 100.0

Analysis Type

Analysis # of Trials % of Total

Cost Description 1 5.9

Cost / Utilization Analysis 11 64.7

Cost-Minimization 1 5.9

Cost-Effectiveness 4 23.5

Cost-Utility 1 5.9

Study Design

Design Overall % of Total

Randomized Control Trial (RCT) 8 47.8

Non-Randomized 4 23.5

Modeling 4 23.5

Cohort Study 1 5.9

Perspective

Perspective Overall % of Total

Societal 5 294

Health Care System 9 52.9

Rehabilitation Program 3 17.6

Patients 4 235
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Supervised CR vs. Standard Care

Appendix 3: Summary of Comparative Studies

Author

Perspective

Analysis

Estimate of Cost, C/E, C/U

Georgiou (2001)

Limited Societal

Modeling cost-effectiveness

$1,773 USD/ LYS

Lowensteyn (2000)

Societal

Modeling cost-effectiveness

Less than $15,000 USD/ LYS

Ades (1997) Payee of health care Modeling cost-effectiveness $4,950 USD/ LYS
expenses
Oldridge (1993) Societal Cost-effectiveness $21,800 USD/LYG
Cost-utility $9,200 USD/QALY (1-year follow-up)
Ades (1992) Hospital Cost analysis Per capita hospitalization $739 less in
CR group (21-months follow-up)
Levin (1991) Societal Cost analysis Per patient cost SEK 73,5000

($11,500 USD) lower in CR group
(over 5-years)

Home-Based CR vs. Standard Care

Author Perspective Analysis Estimate of Cost, C/E, C/U,
Other
Robertson (2001) In-patient health care Cost effectiveness Incremental cost savings of $17,216
system CND favoring home program
Lowensteyn (2000) | Societal Modeling cost effectiveness Less than $12,000 USD/ LYS

Bondestam (1995)

Payee of health care
expenses

Utilization analysis

Mean number re-hospitalizations 2.1
for intervention group and 5.4 for
control group

Supervised CR vs. Home-Based CR

Author

Perspective

Analysis

Estimate of Cost, C/E

Collins (2001)

Rehabilitation program
and patients

Modeling cost analysis

Incremental savings of $405 with
home-based program

Lowensteyn (2000)

Societal

Modeling cost-effectiveness

Incremental C/E of home program is
$3000/LYS

DeBusk (1985)

Rehabilitation program

Cost-minimization

Home program produced incremental
savings of $392 per patient

Delivery Models / Components

Author Perspective Analysis Intervention Estimate of Costs
Carlson (2000) Rehabilitation program | Cost analysis | CR vs. CR for 4- Incremental savings $738 USD with
weeks then modified protocol
weaned to home-
based
Nieuwland (2000) Rehabilitation program | Cost analysis gi'gh frelfluency incremental savings $2182 Euro
vs. Low
frequency CR
Dixhoorn (1999) Health care system Utilization Exercise + Readmission frequency reduced by
(cardiac) analysis Relaxation vs. 30% with relaxation the therapy (0.98
Relaxation alone control vs. 0.68)
Edwards (1993) Health Care system Cost analysis | Exercise + No significant differences btw groups
(cardiac) Counseling vs. Cost savings of $2597 in exercise +
Counseling only counseling group
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Appendix 4: Drummond Reviews

Drummond Review - Collins (2001)

While there was no single comprehensive statement describing perspective

and comparators, the authors were explicit in identifying this information.

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

Program delivery costs were estimated prospectively and re-hospitalization
rates were modeled from published RCT data.

the feasibility of adopting the ‘preferred’ programme given
existing financial other constraints, and whether any freed
resources could be redeployed to other worthwhile

programmes?

1.2 Did the study involve a comparison of alternatives? X Gym-based and home-based cardiac rehabilitation programs were compared
1.3 Was a viewpoint for the analysis stated and was the study X The authors state the analysis is conducted from the viewpoint of program
places in any particutar decision making context? funders and patients. The analysis appears to take the perspective of the
health care system as well.
X A detailed description of the interventions being compared was provided.
rna
2.1 Were any important alternatives omitted? X Standard care was not d
2.2 Was (should) a do nothing alternative (be) considered? No standard care alternative was considered.
The evidence of effectiveness between the gym and home-based programs
: 1 es4] was inadequate.
3.1 Has this been done through a randomized, controlled Hospital readmission rates were derived from the Westcop trial, an Australian
clinical trial? If not, how strong was the evidence of database of 94 M and/or angina patients followed for 18-months.
effectiveness? Differences in re-admission rates were extrapolated for CR and non-CR
participants and applied to both comparison groups.
i" : X The costs and consequences identified were adequate.
0 h rnativ d?
4.1 Was the range wide enough for the research question at X
hand?
4.2 Did it cover all relevant viewpoints? X The societal perspective was partially evaluated and is less important.
4.3 Were capital costs, as well as operating costs, included? X All important program delivery costs were evaluated.
X The quantification of consequences was inadequate for the conclusions
prop drawn.
5.1 Were any of the identified items omitted from No prospective collection of cost or re-hospitalization data was conducted.
measurement? If so, does this mean that they carried no weight Re-hospitalization rates were extrapolated from the Westcop trial and
in the subsequent analysis? assumed to be equivalent for both gym-based and home-based programs
and there for carried no weight. There is no evidence to support the
application of this assumption.
5.2 Were there any special circumstances (e.g. joint use of
resources) that made measurement difficult? Were these
circumstances handied appropriatel
The assumptions applied in this modeling exercise were inadequate.
6.1 Were the sources of all values clearly identified? X Sources for costs and consequences were adequately described.
6.2 Were market values employed for changes involving Hospital databases and records were utilized with supplements form market
resources gained or depleted? values (charges) where necessary.
6.3 Where market values were absent (e.g volunteer labour), or N/A
market did not reflect actual values?
6.4 Was the valuation of consequences appropriate for the The use of the Westcop database for re-hospitalization rates was inadequate
question posed? given the small sample size, no differentiation between home and gym based
programs, and the data was collected in a different country.
The authors state the lack of discounting in this exercise as a limitation given
costs and consequences collected over a 3-year period from a variety of
L sources and not were adjusted for differential timing.
7.1 Were the costs and consequences which occur in the future Equipment was discounted at a rate of 27%. No other description of
‘discounted to their present values? discounting is provided.
7.2 Was any justification given for the discount rate used? X The authors reference the Australian taxation office and Drummond 1997 for
discount rate applied to the equipment.
X An incremental cost savings of $405 was reported for the home-based
. program.
8.1 Were the additional {incremental) costs generated by one The study resulted in a cost-minimization analysis.
alternative over another compared to the additional effects,
benefits or utilities gen
 sensitivl sis X 7-variables were utilized in the sensitivity analysis
9.1 Was justification provided for the ranges of values (for key No explanation of ranges was provided.
study p s) employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values (within The home-based program was consistently found to be the least cost
the assumed range)? alternative for most sensitivity ranges.
X
10.1 Were the conclusions of the analysis based on some A cost minimization analysis was conducted in which incremental delivery
overall index or ratio of costs to consequences? costs was reported.
10.2 Were the results compared with those of others who have The authors report that to date no trials have conducted a cost-analysis of
investigated the same question? gym based and home based programs. No comparisons are made with the
findings of other economic evaluations of CR.
10.3 Did the study discuss the generalizability of the results to X The authors suggest the findings are likely to be generalizable.
other settings and patient/client groups?
10.4 Did the study allude to, or take account of, other important X The number of patients reached, increased patient compliance, and
factors in the choice or decision under consideration? satisfaction was identified by the authors as a benefit of the home-program.
10.5 Did the study discuss issues of implementation, such as X The authors discuss the potential for expanding the reach of CR services

using a home-based delivery model in rural and other populations.
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Drummond Review - Robertson (2001)

The research question does not clearly state the comparison
groups.

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

Program delivery costs and in-patient re-hospitaliztaion were
considered.

1.2 Did the study involve a comparison of alternatives?

A home-based program was compared to usual care.

1.3 Was a viewpoint for the analysis stated and was the study
placed in any particular decision making context?

No perspective is tested by the authors but the perspective appears
to be that of the health care system limited to re-hospitalizations.

An adequate description was provided.

2.1 Were any important alternatives omitted?

The alternatives were adequate for the early post Ml period under
evaluation.

2.2 Was (should) a do nothing alternative (be) considered?

A do nothing alternative was considered via the usual care group.

3.1 Has this been done through a randomized, controlled
clinical trial? If not, how strong was the evidence of
effectiveness?

The study was conducted using a RCT design, however the sample
size was inadequate for evaluation of clinical effectiveness.

Limited program delivery and re-hospitalization admissions were
considered.

4.1 Was the range wide enough for the research question at
hand?

Only in-patient re-hospitalizations and staff time were considered.

4.2 Did it cover all relevant viewpoints?

Only a limited partial evaluation of in-patient and program delivery
health care costs were considered.

uestion posed?

4.3 Were capital costs, as well as operating costs, included? N/A Capital costs were not included for the home based program.
Nursing staff time was estimated rather than logged per patient.
: . Mean re-hospitalization rates were compared for patient groups.
5.1 Were any of the identified items omitied from Program delivery costs were estimated not measured directly per
measurement? If so, does this mean that they carried no weight patient. 6-month re-hospitalizations were collected but not reported
in the subsequent analysis? or considered in the analysis. The author's explanation for not
reporting 6-mont data raises questions.
5.2 Were there any special circumstances (e.g. joint use of The control group was assumed to have zero costs to the in-patient
resources) that made measurement difficult? Were these system; it is difficult to determine if inpatient nursing time was
circumstances handled appropriately? increased with control group patients.
A standard hospitalization rate was applied for all patients
regardless of DRG. Nursing staff time appears to be valued
- credibly but do not reflect national or international averages.
6.1 Were the sources of all values clearly identified? No source for the re-hospitalization rate applied is offered.
6.2 Were market values employed for changes involving X The authors are unclear if wages and re-hospitalizations are
resources gained or depleted? standardized.
6.3 Where market values were absent were adjustments made The authors do not report basis for values provided.
to approximate market values?
6.4 Was the valuation of consequences appropriate for the X The use of 2 mean hospital charge is questionable.

NJ/A; All costs were collected over a 6-week period.

7.1 Were the costs and consequences which occur in the future

N/A
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A

rormec

The control group was assumed to have zero costs to the in-patient
system.

8.1 Were the additional (incremental) costs generated by one
alternative over another compared to the additional effects,
benefits or utilities generated?

No analysis was conducted

9.1 Was justification provided for the ranges of values employed N/A
in the sensitivity analysis?
N/A

9.2 Were study results sensitive to changes in the values?
DI 1 atiol
185

No comparison to other studies was conducted.

10.1 Were the conclusions of the analysis based on some
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?

A cost / consequences ratio was reported.

10.2 Were the results compared with those of others who have
investigated the same question?

The authors did not compare their findings with that reported in the
literature.

10.3 Did the study discuss the generalizability of the results to
other settings and patient/client groups?

The authors caution that the small sample size, and inclusion of
only first time Mi patients limits the generalizability of this study.

10.4 Did the study allude to, or take account of, other important
factors in the choice or decision under consideration?

The study discussed the difficulty in-patient nurses have in
providing education and counseling to patients in the early post M!
period and the utility of a structured outpatient intervention.

10.5 Did the study discuss issues of implementation?

See 10.4
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Drummond Review - Georgiou (2000)

The authors statement of purpose lacks a statement of perspective and of
comparators

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

Cost and consequences were reported

1.2 Did the study involve a comparison of altematives?

Standard care and exercise based CR were compared

1.3 Was a viewpoint for the analysis stated and was the study
places in any particular decision making context?

No clear statement of perspective was made, however the authors indicate
the costs included in the analysis with the introductory paragraphs

i X A comprehensive description of the intervention group was provided
2.1 Were any important altematives omitted? Standard care was the comparator of primary importance
2.2 Was (should) a do nothing altemnative (be) considered? X A standard care comparator was utilized
! ra X Randomized control trial evidence supported improved survival within
intervention group
3.1 Has this been done through a randomized, controlled X The study was conducted alongside the largest randomized control trial to
clinical trial? If not, how strong was the evidence of evaluate the effects of CR in a heart failure poputation [63]
effectiveness?
L Wh X The author identified the main costs attributed to a societal perspective, but
- did not include indirect or travel costs accrued by the patient.
4.1 Was the range wide enough for the research question at X The range selected was adequate for the analysis.
hand?
4.2 Did it cover all relevant viewpoints? The study utilized a limited societal perspective. Not included in the analysis
was the cost of travel to participate in the exercise sessions.
4.3 Were capital costs, as well as operating costs, included? X Equipment and rented space were included in the direct cost estimate
In this modeling study estimates for all costs components were utilized. No
direct measurement was conducted along side the RCT.
5.1 Were any of the identified items omitted from None
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of None
resources) that made measurement difficult? Were these
circumstances handled appropriately?
T : X Estimates form several sources were combined to form the estimate of costs
= ; and consequences within this modeling study
6.1 Were the sources of all values clearly identified? X Adequately identified
6.2 Were market values employed for changes involving X Market values used to calculate wages lost
resources gained or depieted?
6.3 Where market values were absent (e.g volunteer labour), or N/A
market did not reflect actual values?
6.4 Was the valuation of consequences appropriate for the X Based on RCT data
question posed?
X A discount rate of 3% was applied to costs and consequences
7.1 Were the costs and consequences which occur in the future X
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? X Standard US discount rate
) X A cost-effectiveness analysis was conducted comparing incremental
Aiterna " ‘ . differences between groups
.1 Were the additional (incremental) costs generated by one X
alternative over another compared to the additional effects,
benefits or utilities generated?
| = X Sensitivity analysis performed
9.1 Was justification provided for the ranges of values (for key X Provided within the results section
study parameters) employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values (within The intervention group remained a cost effective alternative
the assumed range)?
The discussion section focused only on the limitations of the study and
reasons for possible underestimation and did not place the findings into a
broader context.
10.1 Were the conclusions of the analysis based on some X Cost/LYS
overall index or ratio of costs to consequences?
10.2 Were the results compared with those of others who have This Is the first C/E analysis in a heart failure sample. The author did not
investigated the same question? compare findings to that seen in other CVD populations.
10.3 Did the study discuss the generalizability of the results to X The authors note the study generalizability is limited through the inclusion of

other settings and patient/client groups?

only NYHF Class li-lll patients

10.4 Did the study allude to, or take account of, other important
factors in the choice or decision under consideration?

No discussion provided on this topic

10.5 Did the study discuss issues of implementation, such as
the feasibility of adopting the ‘preferred’ programme given
existing financial other constraints, and whether any freed
resources could be redeployed to other worthwhile
programmes?

No discussion provided on this topic
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review - Lowenstyn (2000)

An explicit statement of the analysis perspective is not provided.

1.1 Did the study examine both costs and effects of the

factors in the choice or decision under consideration?

X Costs/YOLS were assessed.
service(s) or programme(s)?
1.2 Did the study involve a comparison of alternatives? Supervised and unsupervised program were compared.
1.3 Was a viewpoint for the analysis stated and was the study No viewpoint was explicitly stated but the perspective appears to be
placed in any particular decision making context? societal
20 o ghans| X An adequate description of competing interventions was provided.
2.1 Were any important alternatives omitted? X Standard care.
2.2 Was (should) a do nothing alternative (be) considered? X A standard care alternative could have been considered.
4t oV  that the offe A simulation model was used to estimate program effectiveness
based on published effectiveness data of exercise on CVD risk
factors
3.1 Has this been done through a randomized, controlled Validated disease simulation model was utilized. The use of a
clinical trial? If not, how strong was the evidence of model presents limitations upon the study findings.
effectiveness?
The costs and consequences identified ere adequate.
. cons ices fc :h altarnatii ntifie
41 \é\!}as the range wide enough for the research question at The range was sufficient to answer the question posed
hand?
4.2 Did it cover all relevant viewpoints? A societal perspective applies a comprehensive evaluation.
4.3 Were capital costs, as well as operating costs, included? No breakdown of costs is provided for supervised program delivery
cost estimates
Estimates were utilized for costs with no direct measurement
5.1 Were any of the identified items omitted from X Health care use was not assessed.
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of Unable to assess.
resources) that made measurement difficult? Were these
circumstances handled appropriatel
The valuation of program delivery costs was estimated and may be
, _ - inadequate.
6.1 Were the sources of all values clearly identified? The sources of estimates provided for supervised and unsupervised
programs. Health care cost sources are well described.
6.2 Were market values employed for changes involving X Health care insurance fees were utilized.
resources gained or depleted?
6.3 Where market values were absent were adjustments made There is no clear identification of estimates for program delivery
to approximate market values? costs
6.4 Was the valuation of consequences appropriate for the A prospective measurement of costs would have strengthened the
question posed? present analysis
' X A 3% discount rate was applied and discount was evaluated within
: - the sensitivity analysis
7.1 Were the costs and consequences which occur in the future See above
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? X Standard rate.
ita g X The analysis was incremental.
8.1 Were the additional (incremental) costs generated by one Cost/YOLS
alternative over another compared to the additional effects,
benefits or utilities generated?
‘ X 3 variables were included in the sensitivity analysis
9.1 Was justification provided for the ranges of values employed No justification was provided for the sensitivity analysis employed.
in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? X The analysis was sensitive to changes in values
; X An adequate discussion of results was provided.
10.1 Were the conclusions of the analysis based on some A cost-effectiveness ratio was reported.
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?
10.2 Were the results compared with those of others who have X A limited comparison to other CDV interventions was conducted but
investigated the same question? CR cost effectiveness studies.
10.3 Did the study discuss the generalizability of the resuits to The study appears to advocate the generalizability of the study, no
other settings and patient/client groups? limitations are recognized.
10.4 Did the study allude to, or take account of, other important X Compliance with intervention was discussed as a factor likely to

influence cost effectiveness.

10.5 Did the study discuss issues of implementation?

Few issues regarding implementation are addressed.
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review - Carlson (2000)

No comprehensive statement of comparators, perspective, and
s ‘ outcome measures
1.1 Did the study examine both costs and effects of the X This study included only a description of costs

service(s) or programme(s)?
1.2 Did the study invoive a comparison of alternatives? X Comparison of a home based and supervised exercise program
1.3 Was a viewpoint for the analysis stated and was the X Within the methods the authors describe

study placed in any particutar decision making context?

A comprehensive description with diagram was provided

2.1 Were any important alternatives omitted? X Standard care.

2.2 Was (should) a do nothing alternative (be) X Standard care would be a valuable comparator
considered?

RCT evidence supports effectiveness

ffactive
3.1 Has this been done through a randomized, controlied X RCT
clinical trial? If not, how strong was the evidence of
effectiveness?
X A limited cost horizon was evaluated and consequences were not
A ; i : included in the analysis
4.1 Was the range wide enough for the research X Staff time, treadmiill, and blood tests were the only costs
question at hand? considered.
4.2 Did it cover all relevant viewpoints? X A quasi-perspective was utilized in the analysis. The health care
system was not considered and should have been included.
4.3 Were capital costs, as well as operating costs, X Capital and operating costs were not identified for inclusion
included?
( - X Means were utilized for valuation of comparison group resources
- accl ppr {2
5.1 Were any of the identified items omitted from X All items identified were presented in the analysis

measurement? If so, does this mean that they carried no
weight in the subsequent analysis?

5.2 Were there any special circumstances (e.g. joint use X None identified
of resources) that made measurement difficult? Were
these circumstances handled appropriately?

X No description of valuation sources utilized was provided
6.1 Were the sources of all values clearly identified? X No identification of sources was provided
6.2 Were market values employed for changes involving X Not enough information to assess
resources gained or depleted?
6.3 Where market values were absent were adjustments X Not enough information to assess
made to approximate market values?
6.4 Was the valuation of consequences appropriate for X Consequences were not considered and limit this analysis
the question posed?
X No period was specified for the collection of data and no evidence
i of discounting was found.
7.1 Were the costs and consequences which occur in N/A
the future ‘discounted to their present values?
7.2 Was any justification given for the discount rate N/A
used?
X A per patient cost was provided for both alternatives but no
incremental comparison was provided.
8.1 Were the additional (incremental) costs generated by X Means were compared for the cost measures included in the
one altemative over another compared to the additional analysis.
effects, benefits or utilities generated?
9. W : ky al X No sensitivity analysis was performed.
8.1 Was justification provided for the ranges of values N/A
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the N/A
values?
ation an X The discussion of the cost analysis findings was limited and
. oS ¢ inadequate.
10.1 Were the conclusions of the analysis based on X No ratio was utilized.
some overall index or ratio of costs to consequences
(e.g. cost effectiveness ratio)? if so, was the index
interpreted intelligently or in a mechanistic fashion? _
10.2 Were the results compared with those of cthers X No comparison with other cost-descriptions or effectiveness studies
who have investigated the same question? was offered.
10.3 Did the study discuss the generalizability of the X The authors emphasize the findings are relevant to low to moderate
results to other settings and patient/client groups? risk cardiac patients and programs which emphasize independent
exercise.
10.4 Did the study allude to, or take account of, other X The home program was found to improve adherence rates and may
important factors in the choice or decision under positively impact on long-term adherence. In addition a home
consideration? based provides a population health approach.
10.5 Did the study discuss issues of implementation? X The authors suggest a focus be placed on a methodological

approach that emphasizes independent exercise.
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review - Nieuwland (2000)

No explicit statement regarding perspective and limited to
identification of program delivery costs

1.1 Did the study examine both costs and effects of the

X Program delivery costs were identified.
service(s) or programme(s)?
1.2 Did the study involve a comparison of altematives? X High frequency and low frequency CR programs were compared
1.3 Was a viewpoint for the analysis stated and was the study X Not explicitly stated.
placed in any particular decision making context?
d Hnpet X An adequate description of costs was provided
2.1 Were any important alternatives omitted? X Standard care
2.2 Was (should) a do nothing alternative (be) considered? X Standard care comparison group
) v X Via RCT
—ha an-establishad
3.1 Has this been done through a randomized, controlled X Effectiveness evaluated via RCT
clinical trial? If not, how strong was the evidence of
effectiveness?
X There were several weakness noted
4.1 Was the range wide enough for the research question at The range did not include all relevant costs
hand?
4.2 Did it cover all relevant viewpoints? The societal, health care, and patient viewpoints were not
considered
4.3 Were capital costs, as well as operating costs, included? No description of cumulative cost estimates is provided
! We are unable to assess the methods utilized for cost estimates
5.1 Were any of the identified items omitted from Unable to assess
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of Unable to assess
resources) that made measurement difficult? Were these
circumstances handled appropriately?
5 X We are unable to judge he credibility of resource valuation based
- - T on the information provided. No consequence is referenced
6.1 Were the sources of all values clearly identified? X Sources are not clearly identified
6.2 Were market values employed for changes involving No description of costing sources is provided
resources gained or depleted?
6.3 Where market values were absent were adjustments made N/A
{o approximate market values?
6.4 Was the valuation of consequences appropriate for the X No valuation of consequences was conducted
uestion posed?
N/A
.1 Were the costs and consequences which occur in the future N/A
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A
8. X No incremental analysis conducted
ota me .
8.1 Were the additional (incremental) costs generated by one X No comparison of incremental costs and consequences
alternative over another compared to the additional effects,
benefits or utilities generated?
- \ X None conducted
9.1 Was justification provided for the ranges of values employed X -
in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? X -
3 ) idy resul X The authors do not reference costs in their discussion
} sues of concer: 5
10.1 Were the conclusions of the analysis based on some X No ratio or index was provided.
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?
10.2 Were the results compared with those of others who have X No discussion of global cost findings was provided
investigated the same question? _
10.3 Did the study discuss the generalizability of the results to X The authors identify the limitations of the study sample utilized
other settings and patient/client groups?
10.4 Did the study allude to, or take account of, other important The feasibility and adherence to high intensity programs was
factors in the choice or decision under consideration? discussed by authors as a limiting factor
10.5 Did the study discuss issues of implementation? X No discussion relevant to the economic evaluation
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review — DixHoorn (1999)

No clear statement was provided describing comparison groups and
perspective. The authors suggest cost effectiveness is being studied

1.1 Did the study examine both costs and effects of the X Program delivery costs were not evaluated. The primary outcome
service(s) or programme(s)? measure was re-hospitalization rate.
1.2 Did the study invoive a comparison of alternatives? X Relaxation therapy + exercise or exercise only
1.3 Was a viewpoint for the analysis stated and was the X No viewpoint was stated, a limited health care perspective has been
tudy placed in any particular decision making context? utilized.
X Interventions were well described
2.1 Were any important alternatives omitted? X Standard care, therapy only
2.2 Was (should) a do nothing alternative (be) considered? X Standard care group
§ X Via RCT
v had been established? . ;
3.1 Has this been done through a randomized, controlled X Via RCT
clinical trial? If not, how strong was the evidence of
effectiveness?
. X The program delivery costs should have been considered
[ enti
4.1 Was the range wide enough for the research question X Program delivery costs were not considered
at hand?
4.2 Did it cover all relevant viewpoints? X The rehabilitation program, patient, and societal perspectives were
omitted
4.3 Were capital costs, as well as operating costs, X No costs were evaluated
included?
: X No program delivery costs measured.
ts?
5.1 Were any of the identified items omitted from X
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?
5.2 Were there any special circumstances that made X
measurement difficult? Were these circumstances handled
appropriately?
an iquences valued credibly? Program delivery costs and re-hospitalizations were not valued
6.1 Were the sources of all values clearly identified? N/A
6.2 Were market values employed for changes involving N/A
resources gained or depleted?
6.3 Where market values were absent were adjustments N/A
made to approximate market values?
6.4 Was the valuation of consequences appropriate for the X A cost-effectiveness analysis would have added to the value of the
uestion posed? studies findings
X No value was placed on costs
I 1l 3 S
7.1 Were the costs and consequences which occur in the -
future ‘discounted to their present values?
7.2 Was any justification given for the discount rate used? -
X Costs were not assessed
-CO [ !
8.1 Were the additional (incremental) costs generated by X See above
one alternative over another compared to the additional
effects, benefits or utilities generated?
9./ Was a5 - X No sensitivity analysis conducted
9.1 Was justification provided for the ranges of values N/A
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? N/A
X A limited discussion was provided
' 10.1 Were the conclusions of the analysis based on some X Simple unit measures provided
overall index or ratio of costs consequences?
10.2 Were the results compared with those of others who X No comparison made of findings to existing literature
have investigated the same question?
10.3 Did the study discuss the generalizability of the X Lite discussion provided
results to other settings and patient/client groups?
10.4 Did the study take account of, other important factors X Confounding influence of depressed patients within sample
in the choice or decision under consideration?
10.5 Did the study discuss issues of implementation, such X The quality of relaxation theory provided was identified as an important

as the feasibility?

confounder
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review — Ades (1997)

Good question stated

X
o .
1.1 Did the study examine both costs and effects of the X Cost/YLS
service(s) or programme(s)?
1.2 Did the study involve a comparison of alternatives? X Supervised CR was compared to standard care
1.3 Was a viewpoint for the analysis stated and was the study X Hospital / Health acre system
placed in any particutar decision making context?
- Was a comprehans X Adequate description provided for standard CRP
arnativ
2.1 Were any important alternatives omitted? None
2.2 Was (should) a do nothing alternative (be) considered? X Standard care was included

- X Previously established, no new effectiveness information provided

, 5t
3.1 Has this been done through a randomized, controiled Previous RCT - present study modeled C?E
clinical trial? If not, how strong was the evidence of
effectiveness?

4. h An adequate analytical perspective was utilized

_conseduences for each alternativeidentifie
4.1 Was the range wide enough for the research question at The rehabilitation program costs generated from survey of
hand? programs
4.2 Did it cover all relevant viewpoints? The patient, larger societal perspective was not considered in the

derivation of costs
4.3 Were capital costs, as well as operating costs, included? X Unable to assess
X Use of cost effectiveness analysis means both cost and
ropra consequences were considered
5.1 Were any of the identified items omitted from X None presented
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of X None present in publication
resources) that made measurement difficult? Were these
circumstances handied appropriately?
! X Sources were not clearly identified — were derived from survey of
- ; existing programs
6.1 Were the sources of all values clearly identified? X See above
6.2 Were market values employed for changes involving X See above
resources gained or depleted?
6.3 Where market values were absent were adjustments made X See above
to approximate market values?
6.4 Was the valuation of consequences appropriate for the X Cost-effectiveness analysis appropriate
question posed?
¢ r‘_g X Cost were discounted at 5% to refiect 1995 values
e ng
7.1 Were the costs and consequences which occur in the future X Consequences were not discounted
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? X No specific statement
nci I gt X Incremental § / YLS ratio provided
8.1 Were the additional (incremental) costs generated by one X See above
alternative over another compared to the additional effects,
benefits or utiliies generated?

' ensit X A sensitivity analysis based on 3-variables was conducted
9.1 Was justification provided for the ranges of values employed The description of ranges employed within the sensitivity analysis
in the sensitivity analysis? was adequate
9.2 Were study results sensitive to changes in the values? X The sensitivity analysis varied results between $0/YLS and

$20,000/YLS

Discussion was adequate

10.1 Were the conclusions of the analysis based on some
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?

$/YLS

10.2 Were the results compared with those of others who have
investigated the same question?

Adequate comparisons made

10.3 Did the study discuss the generalizabiiity of the results to
other settings and patient/client groups?

Sample was mostly male limiting the generalizability to female
cardiac patients

10.4 Did the study allude to, or take account of, other important
factors in the choice or decision under consideration?

Little discussion

10.5 Did the study discuss issues of implementation?

Little discussion
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review — Bondestam (1995)

o

A limited perspective and analysis was posed.

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

The study was limited to the evaluation of re-hospitalizations.

1.2 Did the study involve a comparison of alternatives?

Rehabilitation and control group compared

1.3 Was a viewpoint for the analysis stated and was the study
placed in any particular decision making context?

The authors state the study is limited to the utilization of resources
outside the program

A comprehensive description of the rehabilitation program was
provided

2.1 Were any important alternatives omitted? X
2.2 Was (should) a do nothing alternative (be) considered? A control group was utilized
¢ X Non-randomized study comparing matched patients from two health
x e . - districts
-1 Has this been done through a randomized, controlled X There was. The level of evidence is weak given the non-

C'f'f"'cﬁi' trial? If not, how strong was the evidence of randomized design and differences detected In age and sex

effectiveness? between comparison groups.

X A severely limited analytical perspective and cost horizon was
reported by investigators. The study neglects to include non-
e = e { hospital consequences and program delivery costs

4.1 Was the range wide enough for the research question at Program delivery costs were not reported

hand?

4.2 Did it cover all relevant viewpoints? The viewpoint was limited to the health care provider (health care
system), societal, patient, and rehabilitation program costs were not
assessed.

4.3 Were capital costs, as well as operating costs, included? X No program delivery costs were reported

X Costs were not measured. Re-hospitalizations were reported as
. the number for admission and length of stay which is appropriate.

5.1 Were any of the identified items omitted from Out-patient medical costs were not reported

measurement? If so, does this mean that they carried no weight

in the subsequent analysis?

5.2 Were there any special circumstances (e.g. joint use of None reported

resources) that made measurement difficuit? Were these

circumstances handled appropriatel

: c¢ X Hospitalization were reported in their natural units no attempt was
made to assign financial value

6.1 Were the sources of all values clearly identified? X N/A

6.2 Were market values employed for changes involving X N/A

resources gained or depleted?

6.3 Where market values were absent were adjustments made X N/A

to approximate market values?

6.4 Was the valuation of consequences appropriate for the X The dollar value of costs and consequences allows for more

question posed? thorough assessment

X Costs were not reported and therefore no discounting was applied

7.1 Were the costs and consequences which occur in the future X N/A

‘discounted to their present values?

7.2 Was any justification given for the discount rate used? X N/A

' ' ' ' X Costs were not evaluated therefore the incremental analysis was
. lacking

8.1 Were the additional (incremental) costs generated by one X None conducted

alternative over another compared to the additional effects,

benefits or ulilities generated?

| v X No sensitivity analysis was performed

9.1 Was justification provided for the ranges of values employed N/A

in the sensitivity analysis?

9.2 Were study results sensitive to changes in the values? N/A

‘ E ] The discussion of findings was limited
153

10.1 Were the conclusions of the analysis based on some No index was provided given costs were not assessed

overall index or ratio of costs to consequences (e.g. cost

effectiveness ratio)? If so, was the index interpreted intelligently

or in a mechanistic fashion?

10.2 Were the results compared with those of others who have A limited comparison to published research was provided

investigated the same question?

10.3 Did the study discuss the generalizability of the results to X Findings reported as specific to cardiac patients greater than 65

other settings and patient/client groups?

years of age

10.4 Did the study ailude to, or take account of, other important
factors in the choice or decision under consideration?

Participation in the supervised program was reported to be 21%.
Strategies are suggested to improve participation rates.

10.5 Did the study discuss issues of implementation?

The authors emphasize the importance of early intervention
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review — Allison (1995)

X The question is appropriate fro the study design
e i i
1.1 Did the study examine both costs and effects of the X Only consequences (re-hospitalizations) were assessed
service(s) or programme(s)?
1.2 Did the study involve a comparison of alternatives? X A single intervention was compared with respect to its effects on
patient cohorts
1.3 Was a viewpoint for the analysis stated and was the study X No explicit statement of perspective was provided, however authors
placed in any particular decision making context? indicate re-hospitalizations as their outcome measure
. An adequate description was provided of the rehabilitation program
tei Ve
2.1 Were any important alternatives omitted? X Cohort study design
2.2 Was (should) a do nothing alternative (be) considered? X Cohort study design
e 4 X No evidence of effectiveness was provided
n established
3.1 Has this been done through a randomized, controlled X Cohort study design was utilized limiting the level of evidence
clinical trial? If not, how strong was the evidence of provided
effectiveness?
4 X Resources consumed by the cohorts were not evaluated
4.1 Was the range wide enough for the research question at
hand?
4.2 Did it cover all relevant viewpoints? X A societal viewpoint would be appropriate and was not included
4.3 Were capital costs, as well as operating costs, included? X No program delivery costs were provided
X No DRG was identified
nprop hys!
5.1 Were any of the identified items omitted from X
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of Unable to assess
resources) that made measurement difficult? Were these
circumstances handled appropriately?
: nd consequences v ? X A mean cost was applied to all hospital admissions
6.1 Were the sources of all values clearly identified? X No information regarding source of values applied was provided
6.2 Were market values employed for changes involving Unable to assess
resources gained or depleted?
6.3 Where market values were absent were adjustments made Unable to assess
to approximate market values?
6.4 Was the valuation of consequences appropriate for the Unable to assess
question posed?
: ( X No evidence of adjustments for differential timing. No report for
- . data collection of length of data collection period
7.1 Were the costs and consequences which occur in the future X No evidence provided
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A
inal AN incremental re-hospitalization costs were reported
8.1 Were the additional (incremental) costs generated by one Only costs reported
alternative over another compared to the additional effects,
benefits or utilities generated?
{ . X None reported
9.1 Was justification provided for the ranges of values employed N/A
in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? N/A
asentat 8 X Limited discussion was provided. Authors ail to discuss resource
. consumption of cohorts and program, elements
10.1 Were the conclusions of the analysis based on some X No ratio was provided given only consequences were assessed
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?
10.2 Were the results compared with those of others who have An adequate comparison of other published literature was provided
investigated the same question? —
10.3 Did the study discuss the generalizability of the resuilts to The diverse group of patients utilized in the investigation is noted by
other settings and patient/client groups? authors as a strength of the studies findings
10.4 Did the study allude to, or take account of, other important X Many distressed patients may not take part in CR programs
factors in the choice or decision under consideration?
10.5 Did the study discuss issues of implementation? X No specific discussion
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Economic Evaluation of Cardiac Rehabilitation

Drummond Review - Edwards (1993)

The perspective is not made clear within the research question

11 bld the study examine both Costs and effects of the
service(s) or programme(s)?

Hospital readmissions and health care expenditures were considered

1.2 Did the study involve a comparison of alternatives?

Exercise and non-exercise rehabilitation was compared

1.3 Was a viewpoint for the analysis stated and was the
study placed in any particular decision making context?

No explicit statement

An adequate description of the interventions was provided

2.1 Were any important alternatives omitted?

Standard care

2.2 Was (should) a do nothing alternative (be)
considered?

Standard care comparator would add value

ecl e ishe

The evidence of effectiveness has not been provided by this retrospective
analysis of small sample size.

3.1 Has this been done through a randomized,
controlled clinical trial? If not, how strong was the

Retrospective costs analysis - evidence weak

evidence of effectiveness?

A broad range of costs and consequences were identified by the authors

4.1 Was the range wide enough for the research
question at hand?

A broad cost range is proposed

4.2 Did it cover all relevant viewpoints?

Patient costs were not evaluated

4.3 Were capital costs, as well as operating costs,
included?

AppPro h ni

The format for including program delivery costs is questionable

5.1 Were any of the ‘identiﬁed items omitted from
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?

The measurement of Phase || and lil rehabilitation program costs is not well
described.

6.2 Were there any special circumstances (e.g. joint use
of resources) that made measurement difficult? Were
these circumstances handled appropriately?

Unable to assess

A limited presentation of costing sources is presented

Sources were not clearly identified

6.2 Were market values employed for changes involving
resources gained or depleted?

6.3 Where market values were absent were adjustments
made to approximate market values?

6.4 Was the valuation of consequences appropriate for
the question posed?

No discounting occurred

7.1 Were the costs and consequences which occur in
the future ‘discounted to their present values?

NJ/A given 1-year follow-up period

7.2 Was any justification given for the discount rate
used?

N/A

No incremental

8.1 Were the additional (incremental) costs generated
by one alternative over another compared to the
additional effects, benefits or utilities generated?

None reported

values?

9.1 Was justification provided for the ranges of values N/A
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the N/A

Despite the lack of reporting incremental ratios for cost effectiveness this
analysis has a strong discussion section

10.1 Were the conclusions of the analysis based on
some overall index or ratio of costs to consequences? if
so, was the index interpreted intelligently orin a
mechanistic fashion?

No ratio provided

10.2 Were the results compared with those of others
who have investigated the same question?

Adequate comparisons are more with the findings of other investigators

10.3 Did the study discuss the generalizability of the
results to other settings and patient/client groups?

The study addresses generalizability in its conclusion and suggests the
application to other patient groups remains to be determined.

10.4 Did the study allude to, or take account of, other
important factors in the choice or decision under
consideration?

The authors suggest compliance made be improved by the home based
program.

10.5 Did the study discuss issues of implementation?

The study suggests further analysis is required to support this retrospective
analysis

Papadakis, S.

81




Economic Evaluation of Cardiac Rehabilitation

Drummond Review - Oldridge (1993)

The authors do not provide a clear statement of purpose summarizing the study

fom?. - perspective and the alternatives.
1.1 Did the study examine both costs and effects of the X An examination of both program associated costs and the consequences were
service(s) or programme(s)? d
1.2 Did the study involve a comparison of altematives? Standard care is compared to an 8-week cardiac rehabilitation intervention.
1.3 Was a viewpoint for the analysis stated and was the study No explicit statement regarding the perspective from which this analysis was conducted.
placed in any particular decision making context? The authors state that both program and patient costs were assessed. In addition health
care utilization was monitored.
The authors provide a description of the 8-week cardiac rehabilitation intervention but
fail to include eh frequency of exercise classes and other contacts. No descriptive
statement is provided regarding standard care in the region.
2.1 Were any important alternatives omitted? The two groups selected for comparison are adequate for establishing the cost
effectiveness/ utility of cardiac rehabilitation program.
2.2 Was (should) a do nothing alternative (be) considered? X Standard care was included as the comparison group.

Iden A previous publication had described findings regarding the programs effectiveness on
patient quality of life. The CR group experienced accelerated recovery at 3-month but
no differences was found at 12-months.

3.1 Has this been done through a randomized, controlled X A RCT design was utilized in which utility costs were measured prospectively. Survival
clinical trial? If not, how strong was the evidence of data was taken from published meta-analysis findings.
effectiveness?

X It is unclear if overhead costs were included in the analysis.
4.1 Was the range wide enough for the research question at X The range of costs was wide enough to assess the cost utility of the cardiac
hand? rehabilitation program.
4.2 Did it cover all relevant viewpoints? X
4.3 Were capital costs, as well as operating costs, included? X Capital and operating costs were included in the analysis. Itis not clear if overhead has

been considered.
X Most costs and consequences were measured adequately
ppropriate physical uni
5.1 Were any of the identified items omitted from
measurement? If so, does this mean that they carried no weight
in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of The authors provide no description of special circumstances.
resources) that made measurement difficult? Were these
circumstances handled appropriatet
6.1 Were the sources of all values clearly identified? The source of cost values was not identified by the authors.
6.2 Were market values employed for changes involving
resources gained or depleted?
6.3 Where market values were absent were adjustments made Bets estimates were utilized
to approximate market values?
6.4 Was the valuation of consequences appropriate for the X Cost-utility was assessed using the Time Trade-Off measure; a validated preference
question posed? based utility index and YLS.
Costs were discounted at 5% and varied as part of the sensitivity analysis
7.1 Were the costs and consequences which occur in the future See above
‘discounted to their present values?
7.2 Was any justification given for the discount rate used? Best estimate
: - smental Data was reported by patient group and incrementally.

8.1 Were the additional (incremental) costs generated by one See above
alternative over another compared to the additional effects,
benefits or utilities generated?

X A limited sensitivity analysis was performed
9.1 Was justification provided for the ranges of values employed X Sensitivity analysis were conducted around the lower and upper confidence limits of the
in the sensitivity analysis? mean TTO change scores.
9.2 Were study results sensitive to changes in the values? The findings remain robust through the ranges evaluated in the sensitivity analysis

0. DId OF esults X An adequate discussion section is provided which addresses generalizability, previous
: des . SUe ncern-to usert - research, and implementation.

10.1 Were the conclusions of the analysis based on some X The authors have addressed possible interpretations of the cost indexes and provided
overall index or ratio of costs to consequences (e.g. cost readers with context for data interpretation.
effectiveness ratio)? If so, was the index interpreted intelligently
or in a mechanistic fashion?
10.2 Were the results compared with those of others who have X The discussion includes minimal comparison to previous CR investigations but includes
investigated the same question? a detailed comparison with competing cardiac interventions
10.3 Did the study discuss the generalizability of the results to X The study sates the generalizability of the study is unclear. A detailed discussion of
other settings and patient/client groups? strengths and weaknesses Is provided
10.4 Did the study allude to, or take account of, other important X The study discussed the potential for larger increases in quality of life for medically
factors in the choice or decision under consideration? complex and older patients
10.5 Did the study discuss issues of implementation? X The study addressed the importance of intervention soon after Mi
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Drummond Review - Ades (1993)

Descriptive question provided

1.1 Did the study examine both costs and effects of the X Only costs considered

service(s) or programme(s)?

1.2 Did the study involve a comparison of alternatives? X Standard case to usual care

1.3 Was a viewpoint for the analysis stated and was the X Authors state limited to hospital charges
study placed in any particular decision making context?

X Adequate description provided

a g

2.1 Were any important alternatives omitted? X None omitted

2.2 Was (should) a do nothing alternative (be) considered? X Usual care considered

e 1 3 X Level of evidence reduced due o non randomized cohort study design

3.1 Has this been done through a randomized, controlled X Non randomized cohort study design

clinical trial? If not, how strong was the evidence of

effectiveness?

E X Rehabilitation and patient costs were not adequately represented
nseque alternati entifie

4.1 Was the range wide enough for the research question X That of rehabilitation program and patients not considered
at hand?

4.2 Did it cover all relevant viewpoints? X See above

4.3 Were capital costs, as well as operating costs, X Considered in hospital direct costs estimates
included?
. X Length of stay in hospital was not reported
5.1 Were any of the identified items omitted from X See above

measurement? If so, does this mean that they carried no

weight in the subsequent analysis?

5.2 Were there any special circumstances (e.g. joint use of X None reported

resources) that made measurement difficult? Were these

circumstances handled appropriatel

ec {ib X None reported

6.1 Were the sources of all values clearly identified? X

6.2 Were market values employed for changes involving X

resources gained or depleted?

6.3 Where market values were absent were adjustments X

made to approximate market values?

6.4 Was the valuation of consequences appropriate for the X

question posed?

X No discounting reported

V7.1 Were the costs and consequences which occur in the X See above

future ‘discounted to their present values?

7.2 Was any justification given for the discount rate used? N/A

X Incremental costs presented

8.1 Were the additional (incremental) costs generated by X Not consequences, this was cost analysis
one alternative over another compared to the additional

effects, benefits or utilities generated?

inalysis perfc X No sensitivity analysis reported

9.1 Was justification provided for the ranges of values N/A

employed in the sensitivity analysis?

9.2 Were study results sensitive to changes in the values? N/A

| on a dc | X Discussion limited and inadequate for Drummond criteria
2% 2 Ues g : ;

10.1 Were the conclusions of the analysis based on some X No ratio provided

overall index or ratio of costs to consequences (e.g. cost

effectiveness ratio)? If so, was the index interpreted

intelligently or in a mechanistic fashion?

10.2 Were the results compared with those of others who X Adequate comparisons

have investigated the same question?

10.3 Did the study discuss the generalizability of the X Limited discussion regarding generalizability
results to other settings and patient/client groups?

10.4 Did the study allude to, or take account of, other X Current smokers display increased costs, hospitalizations were higher
important factors in the choice or decision under amongst drop-outs

consideration?

10.5 Did the study discuss issues of implementation, such X None provided

as the feasibility of adopting the ‘preferred’ programme

given existing financial other constraints, and whether any

freed resources could be redeployed to other worthwhile

programmes?
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Drummond Review - Levin (1991)

No perspective identified

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

Only Costs considered

1.2 Did the study involve a comparison of alternatives?

Standard care compared to intervention

1.3 Was a viewpoint for the analysis stated and was the
study placed in any particular decision making context?

No perspective identified

{1}

Well described alternatives

2.1 Were any important alternatives omitted?

None

2.2 Was (should) a do nothing alternative (be) considered?

Standard care group utilized

een ast

Non randomized design reduces the value of evidence of effectiveness

3.1 Has this been done through a randomized, controlled
clinical trial? If not, how strong was the evidence of
effectiveness?

Non-randomized design

quent ch alternati fig

Out-patient visits to other hospitals not included ~ difficult to assess impact

4.1 Was the range wide enough for the research question
at hand?

See above

4.2 Did it cover all relevant viewpoints?

Limited viewpoint - should have considered broader societal perspective

4.3 Were capital costs, as well as operating costs,
included?

Incorporated into hospital charges

Costs appear to be measured accurately

5.1 Were any of the identified items omitted from
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?

None appear omitted

5.2 Were there any special circumstances (e.g. joint use of
resources) that made measurement difficult? Were these
circumstances handled appropriately?

No such issues

8 ib

No sources provided

6.1 Were the sources of all values clearly identified?

No sources were provided making it difficult to assess credibility of methods
utilized

6.2 Were market values employed for changes involving
resources gained or depleted?

6.3 Where market values were absent were adjustments
made to approximate market values?

6.4 Was the valuation of consequences appropriate for the

uestion posed?

Wel

Discount rate of 5% utilized

7.1 Were the costs and consequences which occur in the
future ‘discounted to their present values?

Costs only

7.2 Was any justification given for the discount rate used?

None provided

Costs only

8.1 Were the additional (incremental) costs generated by
one alternative over another compared to the additional
effects, benefits or utilities generated?

Incremental cost reported

ity ana

Sensitivity analysis conducted around the discount arte 0-10%

9.1 Was justification provided for the ranges of values
employed in the sensitivity analysis?

None provided

9.2 Were study results sensitive to changes in the values?

No changes to findings

Good discussion provided

10.1 Were the conclusions of the analysis based on some
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted
intelligently or in a mechanistic fashion?

No ratio provided

10.2 Were the resuits compared with those of others who
have investigated the same question?

Good discussion of previous literature

10.3 Did the study discuss the generalizability of the
results to other settings and patient/client groups?

Various patterns of return to work reported from country to country limiting
the potential generalizability of these findings

10.4 Did the study allude to, or take account of, other
important factors in the choice or decision under
consideration?

Effects of anxiety and depression significant to return to work

10.5 Did the study discuss issues of implementation, such
as the feasibility of adopting the *preferred’ programme
given existing financial other constraints, and whether any
freed resources could be redeployed to other worthwhile
programmes?

Authors suggest a C/E or C/U analysis is required to establish conclusive
findings regarding economic value
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Drummond Review - Pilote (1992)

No mention of costs but rather effectiveness

> G e

1.1 Did the study examine both costs and effects of the X Only hospitalizations and income considered

service(s) or programme(s)?

1.2 Did the study involve a comparison of alternatives? X Intervention compared to usual care

1.3 Was a viewpoint for the analysis stated and was the X Not stated but appears to be a limited societal viewpoint
study placed in any particular decision making context?

in, X Adequate description
ven'
2.1 Were any important alternatives omitted? X No
2.2 Was (should) a do nothing alternative (be) considered? X UC was a comparator
‘ e X No evidence of programs effectiveness was provided
< nes! sent establis!
3.1 Has this been done through a randomized, controlled X RCT design but no results to support effectiveness
clinical trial? If not, how strong was the evidence of
effectiveness?
. Were a X Limited range and perspective
ach ait ntifie
4.1 Was the range wide enough for the research question X The range was limited to hospitalizations and income
at hand?
4.2 Did it cover all relevant viewpoints? X Rehabilitation costs not adequately accounted for. Only income was utilized
to reflect patient perspective — there are other associated costs.
4.3 Were capital costs, as well as operating costs, X We are unable to assess if overhead was included
included?
2q) X Units were accurate and appropriate for question
5.1 Were any of the identified items omitted from X None omitted
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of X None reported
resources) that made measurement difficult? Were these
circumstances handled appropriately?
7 que u edibly’ X No monetary assignment of cost applied
6.1 Were the sources of all values clearly identified? N/A
6.2 Were market values employed for changes involving N/A
resources gained or depleted?
6.3 Where market values were absent were adjustments N/A
made to approximate market values?
6.4 Was the valuation of consequences appropriate for the N/A
uestion posed?
X No discounting
Herential timin
7.1 Were the costs and consequences which occur in the X See above
future ‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A
a: al anal: : ) X Only hospital costs
8.1 Were the additional (incremental) costs generated by X See above
one alternative over another compared to the additional
effects, benefits or utilities generated?
it /S| X None performed
9.1 Was justification provided for the ranges of values X See above
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? N/A
X Adequate discussion of findings and implications
X No ratio provided
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted
intelligently or in a mechanistic fashion?
10.2 Were the results compared with those of others who X Adequate comparisons made
have investigated the same question?
10.3 Did the study discuss the generalizability of the X Emphasis place do CABG via study population
results to other settings and patient/client groups?
10.4 Did the study allude to, or take account of, other X Emphasize importance of physician buy-in
important factors in the choice or decision under .
consideration? ; - -
10.5 Did the study discuss issues of implementation, such X Changes to guidelines causes difficulties, wide latitude in interpretation of
as the feasibility of adopting the ‘preferred’ programme guidelines
given existing financial other constraints, and whether any
freed resources could be redeployed to other worthwhile
programmes?
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Drummond Review - Picard (1989)

Question posed lacks sufficient clarity

1.1 Did the study examine both costs and effects of the
service(s) or programme(s)?

Only costs were evaluated

1.2 Did the study invoive a comparison of alternatives? X Intervention vs. control
1.3 Was a viewpoint for the analysis stated and was the No viewpoint has been explicitly stated
study placed in any particular decision making context?
25 X An adequate description of this simple intervention provided
2.1 Were any important alternatives omitted?
2.2 Was (should) a do nothing alternative (be) considered? X Control group design was used
T Wat the - - X
fectivi - been es| ed’
3.1 Has this been done through a randomized, controlied X
clinical trial? If not, how strong was the evidence of
effectiveness?
X
4.1 Was the range wide enough for the research question X
at hand?
4.2 Did it cover all relevant viewpoints?
4.3 Were capital costs, as well as operating costs, X Provided within estimated of direct hospital costs
included?
5. Waere X
5.1 Were any of the identified items omitted from Patient perspective considered only in part
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?
5.2 Were there any special circumstances (e.g. joint use of X Multiple hospitals utilized
resources) that made measurement difficuit? Were these
circumstances handled appropriately?
Sandc ) edib X Valued credibly
6.1 Were the sources of all values clearly identified? X
6.2 Were market values employed for changes involving X
resources gained or depleted?
6.3 Where market values were absent were adjustments X
made to approximate market values?
6.4 Was the valuation of consequences appropriate for the N/A
uestion posed?
pre the cost No discounting
7.1 Were the costs and consequences which occdr inthe
future ‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A
F n
i erforme
8.1 Were the additional (incremental) costs generated by
one alternative over another compared to the additional
effects, benefits or utilities generated?
X Sensitivity analysis conducted around one variable charges for
hospitalization
9.1 Was justification provided for the ranges of values X Charges between there hospitals involved in the study
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? Robustness remained
: X
sults includes sues of conc €l
10.1 Were the conclusions of the analysis based on some None provided
overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted
intelligently or in a mechanistic fashion?
10.2 Were the results compared with those of others who Minimal comparative research published
have investigated the same question?
10.3 Did the study discuss the generalizability of the Authors state generalizability is difficult to assess but may be applicable to
results to other settings and patient/client groups? other non cardiac settings as well
10.4 Did the study allude to, or take account of, other X Number of Mi patients who could benefit form intervention would translate

important factors in the choice or decision under
consideration?

into large societal benefits

10.5 Did the study discuss issues of implementation, such
as the feasibility of adopting the ‘preferred’ programme
given existing financial other constraints, and whether any
freed resources could be redeployed to other worthwhile
programmes?
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Drummond Review - DeBusk (1985)

Question does not explicitly state economic evaluation was

conducted

1.1 Did the study examine both costs and effects of the

X Program delivery costs and effectiveness are evaluated as separate
service(s) or programme(s)? analyses
1.2 Did the study involve a comparison of alternatives? Home training compared to group training
1.3 Was a viewpoint for the analysis stated and was the X Not explicitly stated within the publication but is that of the rehabilitation
study placed in any particular decision making context? program
Va ompre| - A very detailed overview of the intervention is presented
2.1 Were any important alternatives omitted? X
2.2 Was (should) a do nothing altemative (be) considered? Standard care comparison for effectiveness
RCT established program effectiveness
effectiveness had been ostablishe
3.1 Has this been done through a randomized, controlled Strong evidence of equivalent effects between group on cardiovascular
clinical trial? If not, how strong was the evidence of outcomes
effectiveness?
X The perspective selected and range of costs is severely limited and doe not
reflect the additional societal costs of the interventions under evaluation
4.1 Was the range wide enough for the research question X The evaluation of costs was limited to direct rehabilitation expenses and did
at hand? not report patient or health care costs which would be influenced
4.2 Did it cover all relevant viewpoints? X Only that of the rehabilitation program is evaluated
4.3 Were capital costs, as well as operating costs, X Equipment was included but not overhead and rent.
included?

X The lack of inclusion of rent an overhead for the home and exercise group
is limiting and would underestimate the cost of delivering such a program in
other settings

5.1 Were any of the identified items omitted from X None
measurement? If so, does this mean that they carried no
weight in the subsequent analysis?
5.2 Were there any special circumstances {e.g. joint use of The costing data assumes that the home program uses office facilities
resources) that made measurement difficult? Were these already dedicated to a similar purpose such as supervised training in YMCA
circumstances handled appropriately? programs
Despite the clear description of logic to support unit measures for costs no
description of values for identified costs was provided

6.1 Were the sources of all values clearly identified? No sources were identified for costs
6.2 Were market values employed for changes involving X Unable to assess
resources gained or depleted?
6.3 Where market values were absent were adjustments Unable to assess
made to approximate market values?
6.4 Was the valuation of consequences appropriate for the X Consequences were not assessed
question posed?

X No discounting reported
7.1 Were the costs and consequences which occur in the X See above
future ‘discounted to their present values?
7.2 Was any justification given for the discount rate used? N/A

X No incremental comparison conducted

X Reported for groups — no incremental value reported
one alternative over another compared to the additional
effects, benefits or utilities generated?

| 9. Was S X None performed
9.1 Was justification provided for the ranges of values N/A
employed in the sensitivity analysis?
9.2 Were study results sensitive to changes in the values? N/A
% X The discussion around economic evaluation was minimal. The emphasis
SU 0 | . was placed on the efficacy of the interventions under comparison,

10.1 Were the conclusions of the analysis based on some X No index reported

overall index or ratio of costs to consequences (e.g. cost
effectiveness ratio)? If so, was the index interpreted
intelligently or in a mechanistic fashion?

10.2 Were the results compared with those of others who
have investigated the same question?

No economic studies would be available for comparison

10.3 Did the study discuss the generalizability of the
results to other settings and patient/client groups?

The study references only the interventions applicability to Ml patients

10.4 Did the study allude to, or take account of, other
important factors in the choice or decision under
consideration?

Adherence rates between groups discussed. Home program identified as
potentially more convenient for participants.

10.5 Did the study discuss issues of implementation, such
as the feasibility of adopting the ‘preferred’ programme
given existing financial other constraints, and whether any
freed resources could be redeployed to other worthwhile
programmes?

The authors note that further research is required to evaluate which form of
cardiac rehabilitation program is most cist-effective.
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Economic Evaluation of Cardiac Rehabilitation

Appendix 6: OVERVIEW OF KEY STUDY VARIABLES

Resource Identification Unit of Measurement Method of Cost Valuation
Measurement

Operating Costs
Exercise Equipment Number and type Inventory Financial Records
Medical Equipment Number and type inventory Financial Records
Overhead / Accommodation Percentage of total costs Compliance 14% & 30%
Program Delivery Costs
Professional staff time Hours by vocation CREF record Annual Wages
Fixed CR Test Number and type of test Compliance Cost per test
Materials and Supplies Number of workshops Compliance Financial Records
Health Care Utilization
Cardiac Tests Number and Type Study questionnaire | OHIP
Cardiac Procedures Number and type Study questionnaire | JPPC
Hospitalizations Number of Hospitalizations / days Study questionnaire | JPPC
Cardiac Specialist Visits Number Study questionnaire | OHIP
General Practitioner Visits Number Study questionnaire | OHIP
Medical Specialist Visits Number Study questionnaire | OHIP
Analysis Variables
Variable Details Quantification
Cardiac Risk Strata Low / Moderate / High CACR and AACVPR risk strata tools
Cardiac Diagnosis CABG /PTCA / Mi/ Angina Study database

| Age Categorical Date of Birth
Gender Male / Female Reported

Program Completion

>80% attendance

Exercise Logs

Possible QoL Benefits to
Derive

QALY<1.0

TTO

HIPRC, Heart Institute Prevention and Rehabilitation Financial Records

JPPC, Joint Policy and Planning Committee, Reports
OHIP, Ontario Health Insurance Program Schedule of Benefits
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Appendix 7: DATA COLLECTION QUESTIONS

Data Collection Questions

QALYs

TTO (10/20/30)

Visual Analog scale (0-100)

Health Care System (CAD related costs)

Additional Hospital Resources (specialist consultations)
Ottawa Civic Hospital Cost Model

Primary Care services (estimated using OHIP schedule of benefits)

Medical Test / Procedures (1-month period prior to study follow-up)

Morbidity / Mortality

Study Questionnaire

Health Care Perspective

Have you had an appointment with you family physician in the last month? (Y/N)
IF yes how many times in the last month have you met with your family physician?

Have you had an appointment with your cardiac specialist in the last month? (Y/N)
IF yes how many times in the last month have you met with your cardiac specialist?

Have you been in contact with any other doctors in the last month
If yes specify physicians name and how many times.

Have you been hospitalized since your last study follow-up? (Y/N)
if yes, please indicate the number of days in total you were in hospital.

Have you undergone any medical procedures or surgeries since your last study follow-up? (Y/N).
Please specify.

Societal Perspective / Patient Perspective

Are you currently employed? (Y/N)

If you have returned to work since your last study follow-up please indicate the approximate date you
returned to work. (mm/dd/yyyy)

Approximately how many days have you been absent from work in the past month?

If you have stopped working since your last study follow-up please indicate the approximate date you
stopped working. (mm/dd/yyyy)

Patient Perspective

Are you currently participating in a community based cardiac rehabilitation program or other exercise
program? (Y/N)

Are you currently a member of a gym or fitness club? (Y/N)

If yes, do you (pay per visit, have a 1, 3, 6, 12 month membership)?
If yes, please indicate the approximate cost of your membership.
Less than $100

$100-$250

$251-$500

More than $500

Have you purchased any exercise equipment since your last study follow-up? (Y/N)

If Yes, please indicate the approximate value of the equipment purchased.
Less than $99

$100 to $499

$500 to $999

$1000 or more
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Appendix 8: Cost and Sources Utilized in the Valuation of Health Services

Program Delivery Costs

Professional Salaries

Vocation Hourly Minute Source
[Mean $ 39.03 $ 0.651 HIPRC
[Physio $ 3712 $ 0619 HIPRC
Dietician $ 37.12 $ 0.619 ' HIPRC
Social Work $ 40.40 $ 0.673 HIPRC
Vocational $ 35.99 $ 0.600 HIPRC
Psychology $ 43.66 $ 0.728 HIPRC
[Nursing $ 39.90 $ 0.665 HIPRC
Exercise Sessions Mean Per Contact Source
Exercise Class $115.53/1.5hour $ 5.78 Salaries
[Equipment $ 2.13 HIPRC Purchase Records
Overhead 14% / 30% UOHI Finance Dept.
IMedicaI Visits Mean Min Source
IAssessment $ 11235 HIPRC / OMA
|Follow-up $ 57.1 $ 25.15 HIPRC / OMA

Health Services

Hospitalization

IDRG Mean Min Source
I&gina $  1,008.71 $  145.00 JPPC
Heart Failure $ 2,724.99 $ 113.00 JPPC
[Emergency $  164.45 $ 7385 OMA
Imi $  3,642.00 $ 27100 JPPC
CABG $ 12,600.00 OMA
IPTCA $ 2,034.00 JPPC
IPTCA with STENT $ 4,784.00 JPPC
Cost/STENT $ 1,500.00 JPPC
STENT Mean $ 2,750.00 ‘ JPPC
Cardioversion $ 64.70 OMA
Endartorectomy $ 3,019.00 JPPC
Valve Surgery $ 3,691.00 OMA
IAAA $ 10,443.00 OMA
|Pacemaker $ 3,136.00 $ 1,945.00 JPPC
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Diagnostic Tests

Category Mean Min Source
Blood Test $ 14.49 Dept of Path & Lab Med
Urine Test $ 4.20 OMA
X-ray $ 150.00 OMA
Echo / Ultrasound $ 95.90 OMA
lece $  150.00 OMA
Ex.Myoview $  270.00 OMA
Pers. Myoview $  580.00 OMA
GXT $ 163.00 $  231.00 OMA
Left or right Left & right
Angiogram $ 725.00 $ 847.00 JPPC
IMRI $ 102.65 OMA
CT Scan $ 102.00 OMA
|Holter $  123.90 OMA
Perfusion $ 21.95 OMA
[piffusion $  102.00 OMA
Physician Visits
Profession Mean Min Source
Cardiology $ 112.02 OMA
General Practitioner $ 54.75 $ 29.95 OMA
ISpecialist $  112.02 OMA

HIPRC, Heart Institute Prevention and Rehabilitation Financial Records
JPPC, Joint Policy and Planning Committee, Reports

OHIP, Ontario Health Insurance Program Schedule of Benefits

OMA, Ontario Medical Association
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Appendix 9: Time-Trade-off (TTO) Script

Visual Analog Question:
Where would you rank your current health on this scale, if 0 represents death and 100
represents perfect health?

Perfect Health
100
90
80
70
60
50
40
30
20
10
0

Death

Time Trade-off Question:
Let’s assume your life expectancy is 20 years. I am going to give you some choices and ask which
you prefer.

Choice 1 is to live your remaining 20 years in your current health state

Choice 2 is to live a shorter time but in perfect health. Let’s say in Choice 2 you get to live 10
years in perfect health.

Choice 1
“.I 20 years in your
Current Health

EEEEREEEER RS Choice 2

10 years in Perfect
Which would you take? Choice 1, or Choice 2? Health

Depending on choice, the participant then repeats the process with higher (choice 2) or lower (choice
1) years of perfect health.
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Appendix 11: Characteristics of Active and Inactive Study Participants

Patient Characteristic Active In-Active P Value
N=306 N=90

Mean Age (SD) 58.3(9.71) 56.3 (11.7) ns

Gender

% Male 89.3 76.7 .003

% Female 10.7 23.3

Cardiac Diagnosis*

% CABG 11.9 19.8 ns

% PTCA 454 37.2

% MI 6.5 10.5

% Angina 36.2 32.6

Mean Years Education (SD) 15.0 (4.1) 13.7 (4.1) .014

Cardiac Acute Risk Strata **

% High 20.5 16.9 .015

% Moderate 50.5 37.3

% Low 29.0 45.8

* Admitting primary cardiac diagnosis

Papadakis, S.
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** AACVPR risk stratification for acute risk of exercise complications
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Appendix 12: Bootstrap Probability Table

Proportion of replications producing a positive net benefit for the 3-month intervention arm at each of
the threshold values

Threshold Value Proportion of replications with
for a QALY positive net benefit
$ 0 0.630
$ 5,000 0.646
$ 10,000 0.657
$ 15,000 0.660
$ 20,000 0.666
$ 25,000 0.665
$ 30,000 0.666
$ 35,000 0.667
$ 40,000 0.664
$ 45,000 0.663
$ 50,000 0.661
$ 55,000 0.660
$ 60,000 0.658
$ 65,000 0.654
$ 70,000 0.652
$ 75,000 0.65
$ 80,000 0.648
$ 85,000 0.646
$ 90,000 0.645
$ 95,000 0.643
$ 100,000 0.642

Papadakis, S. 96



Economic Evaluation of Cardiac Rehabilitation

Appendix 13: Monte Carlo Simulation

Recalculated mean costs following sensitivity analysis using Monte Carlo simulation

Variable 3-month 12-month b-a
iProfessional Staff Time
Exercise sessions $144.21 $144.41 $0.20
Contact Person Visits $98.61 $97.47 $1.14)
Counseling Sessions $99.75 $137.69 $37.94
Stress Management $22.80 $37.67 $14.87
Medical Consults $220.07 $237.40 $17.33
|Equipment $49.37 $0.07
Operating costs 383 | 8104 $8.11
Total Program Delivery $708.57 $785.95 $77.38
CABG $565.38 $420.00 ($145.38)
PTCA $433.92 $496.73 $62.81
Ml $70.05 $72.85 $2.80
Other Cardiac* _ $13303 ~ $19823 $65.20
Unspecified** $525.41 $739.56 $214.15
Emergency Visits %2199 0 ] 82176 ($0.23)
Cardiac Diagnostic 1 o . $321.78 ($715.50)
[Physician Services $0.00
General Practitioner ($45.37)
Cardiac Specialist ($56.64)
Other Specialists ($20.50)
Total Health Care $4,311.65 $3,672.98 ($638.66)
Total Costs $5,020.22 $4,458.93 ($561.29)
QALY Gain - po6 | . 005 - ($0.01)
Icost/QALY $82,958.66 $9,657.02 ($73,301.64)

Note: Highlighted variables have been adjusted to reflect uncertainty
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