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ABSTRACT

For many patients with multi-vessel coronary artery disease (CAD), coronary artery 

bypass grafts (CABG), percutaneous coronary interventions (PCI), and/or medical management 

are all clinically feasible treatment options. Given the increasing prevalence of treatment 

strategies as well as the lack of significant evidence regarding treatment supremacy, this present 

research evaluated the quality of life (QOL) outcomes one year following catheterization in an 

inception cohort of Alberta patients with multi-vessel CAD.

This study was divided into three distinct stages. First, a method of enhancing missing 

clinical data with administrative data was developed and validated. Second, a comprehensive 

literature review of all studies that cited and/or used the Seattle Angina Questionnaire (SAQ) 

identified that while the SAQ has been and continues to be in widespread use, investigators 

need to increase their attention to the distributional characteristics of their SAQ QOL data before 

applying parametric tests. Furthermore, when there is pronounced non-normality in the SAQ 

scale distributions, the proportional odds ordinal regression model appears to be responsive to 

the characteristics, specifically the ordinality, of the SAQ data. Third, using enhanced data and 

ordinal regression, a study was done to measure and compare the QOL outcomes of patients 

with CAD, treated with different strategies.

The analytical cohort for this study included 3392 patients from the Alberta Provincial 

project for Outcome Assessment in Coronary Heart Disease (APPROACH) who responded to 

the follow-up survey one year following their index catheterization. Results indicated that those 

patients who were revascularized either with PCI including PTCA or stents, or CABG tended to 

have better QOL at follow-up when compared to patients treated with medical management As 

well, men reported better QOL at follow-up compared to women. Younger respondents reported 

the highest exertional capacity at one-year follow-up, yet also reported the least satisfaction with 

treatment and the most perceived burden of disease.
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CHAPTER1

INTRODUCTION
1.0 Overview

The thesis introduction presents an overview of the issues surrounding the 

quality of life (QOL) outcomes of treatment for coronary artery disease (CAD). The 

specific aims of the research are subsequently discussed. This is followed by a literature 

review and the series of papers relating to risk-adjusted quality of life (QOL) following 

treatment of coronary artery disease. These include a) a comparison of methods to deal 

with missing data needed for risk-adjustment in observational health care outcome 

analysis, b) critique of the methods used for comparing Seattle Angina Questionnaire 

(SAQ) scores in published papers and, a comparison of the results of different statistical 

methods for comparing SAQ scores, and c) comparison of risk adjusted SAQ data for 

Coronary Artery Bypass Graft (CABG), Percutaneous Coronary Intervention (PCI) 

including both percutaneous coronary balloon angioplasty (PTCA) and stents (Stent), 

and medically treated patients with CAD. Each of the three papers is complete within 

itself, yet contributes to the overall evaluation of QOL outcomes for patients undergoing 

treatment for CAD. The final section draws links between the papers and makes 

recommendations for future research. The results from all three papers are discussed in 

relation to existing literature.

1.2 Preamble

The objective of this thesis was to use the Alberta Provincial Project for 

Outcome Assessment in Coronary Heart Disease (APPROACH) database to risk adjust 

and compare the QOL outcomes of patients treated for CAD. The realization of the 

analysis to a seemingly straightforward clinical research question yielded a number of

1
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obstacles that needed to be overcome prior to attempting to discern whether there truly 

were QOL differences among CAD treatment groups.

The first hurdle of this methodological journey became apparent when it was 

discovered that the APPROACH data, a relatively new database, contained a 

substantial amount of missing data. As the objective of the research was to risk adjust 

the SAQ QOL outcome scores by controlling for clinical variables, the missing data issue 

needed to be resolved in order to proceed. Missing data replacement methods were 

explored and a “data enhancement” methodology whereby APPROACH data was 

'enhanced' with Administrative data, was developed and validated.

The next obstacle was discovered when descriptive statistics of the QOL 

outcome SAQ scale scores indicated that the data was not normally distributed. As a 

result a comprehensive literature review was done to determine how the SAQ had been 

analyzed in published outcome studies to date. The literature review failed to identify the 

most appropriate statistical analysis for SAQ outcome data. Consequently, a second 

methodological study was undertaken to compare 4 methods for analyzing SAQ 

outcome data. Based on the results of that study, ordinal regression modeling was used 

to compare QOL outcomes for patients treated for CAD.

It was now possible to turn to the original question of this research: Using

1) ‘enhanced APPROACH clinical data” and 2) ordinal regression analysis, 3) 

compare SAQ QOL outcome scores of patients treated for CAD controlling for baseline 

clinical variables.

1.2 Statement of the Problem

1.2.1 Treatment for CAD

CAD is the leading cause of death and disability in Canada and the United States 

and therefore continues to be the focus of intensive research efforts aimed at improving 

the treatment of patients with this chronic disease. Over the last 20 years, there has been

2
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a shift in the management of CAD from predominantly medical therapy to an increasing 

use of revascularization procedures (1,2). As a result, diagnostic cardiac catheterization 

(CATH), PCI, and CABG have become very common procedures. A CATH is an invasive 

diagnostic test used to identify ischemic changes in the coronary arteries whereas PCIs, 

CABGs and medical management are treatments for CAD. A PCI can be 1) PTCA, a 

procedure in which a specially constructed catheter with a small balloon on the tip is 

inserted in an artery in the groin or arm, threaded into a coronary artery and used to open 

up a blockage or 2) the deployment of a Stent -  a coil-like device which opens and holds 

the blockage back against the wall of the artery. In a CABG procedure, blood flow to the 

heart is re-routed around the site of the coronary artery blockage by bypassing the 

blockage via anastomosed saphenous veins or arteries arising from branches off the 

aorta. These vessels are then connected to the coronary arteries downstream from the 

blockage. Medical management consists of using pharmacological agents to control the 

progression of CAD and reduce the symptoms associated with the disease.

For many patients with multi-vessel CAD, CABG, PCI, and/or medical 

management are all clinically feasible treatment options. A Medline search identified 

seven randomized control trials (RCTs) (3-8) and one meta-analysis (9), comparing the 

outcomes of CABG versus PTCA treatments for multi-vessel CAD. Primary and secondary 

outcomes in the trials included mortality at one year, revascularization rates, anginal 

frequency post procedure, and/or combined endpoints including all three. Even though 

there were important differences in the design and endpoints of all of the RCTs, their 

results measured at follow-up, consistently showed non-significant differences in survival, 

and non-significant differences in the incidences of nonfatai myocardial infarctions of 

patients treated with CABG or PTCA. In spite of the positive outcomes for 

revascularization treatments of multi-vessel CAD, as yet no dear criteria exist for the 

choice of which treatment option is the most appropriate based on the patient's presenting

3
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symptoms and the results of the CATH. The controversy over the best treatment for CAD 

was evidenced by a recent consensus study, which reported that coronary 

revascularization 'experts' failed to agree in strategy appropriateness in 40 - 60% of 

clinical scenarios presented to them (10). This difference in agreement as to the most 

appropriate therapeutic option for patients with CAD is reflected in the CATH and 

treatment numbers for the province of Alberta.

With a population of approximately three million people, Alberta has two centers 

that perform catheterizations and subsequently treat patients with CAD. From January 1* 

1997 until December 31" 2000, the total number of diagnostic cardiac catheterization 

procedures performed in Edmonton (n=18139), was relatively similar to the Calgary total 

(n=20883). Subsequent treatment strategies differed. Whereas the Edmonton 

cardiovascular surgical center performed slightly more CABG procedures relative to the 

number of catheterization, than the total at the Calgary center, (27% to 22%), Edmonton 

centers performed almost one quarter less angioplasty procedures relative to 

catheterizations, than did the Calgary centers (37% to 40%). The percent of catheterized 

patients treated medically in Edmonton and Calgary were 36% and 38% respectively. 

These differences, as well as the need for evidence about the relative effectiveness of 

different treatment options were the impetus for the development of the Alberta Provincial 

Project for Outcome Assessment in Coronary Heart Disease (APPROACH).

1.2.2 Clinical data used to risk adjust QOL data

The APPROACH Project, a province-wide inception cohort of all adult Alberta 

residents undergoing cardiac catheterization, was initiated to study provincial outcomes of 

care and facilitate quality assurance/quality improvement for patients with coronary artery 

disease in Alberta. The APPROACH database contains detailed clinical information on 

adult patients with known or suspected CAD. Patients in APPROACH are followed 

longitudinally after cardiac catheterization, thus allowing for assessment of subsequent

4
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procedure use (i.e., PTCA, stent or CABG), as well as outcomes such as mortality and 

quality of life. The use of the APPROACH database, which includes the total population of 

patients catheterized in Alberta, offers a unique opportunity to compare quality of life 

outcomes of patients treated with the therapeutic treatment options. One of the limitations 

of the APPROACH database prior to 1999, (inclusive of the sample used in this analysis) 

was that there were no measures of patients socio-economic status or ethnicity. 

APPROACH now includes those important variables. As well although information on 

smoking history and current status is collected, this variable was not included in the 

analysis due to concerns about the validity of these data.

In the process of attempting to study the QOL outcomes two separate yet related 

issues were identified that needed to be addressed prior to moving ahead. These included

1) how to deal with missing clinical data used to adjust the QOL scores and 2) the most 

appropriate statistical tests to use in the analysis of the Seattle Angina Questionnaire.

Prospective clinical databases like APPROACH are potentially valuable tools for 

studying outcomes of health care. Much of the published outcome research in health 

care relies on administrative databases with limited clinical information about patients. 

Multivariable risk adjustment based on administrative data is therefore constrained from 

the outset by the lack of details on important prognostic factors. Clinical databases like 

APPROACH are better able to explain inter-provider differences in outcomes than are 

administrative databases. As Hannan et al.(11) have demonstrated, the advantage of 

clinical databases comes from the ability to select and capture prospectively those 

clinical variables that are important prognosticate and have no comparable diagnostic 

code in administrative data. However, when more detailed databases are developed, 

costs rise as does the likelihood that some data for some patients will not be collected. 

Cases with missing values for any one of the variables entered into a model

5
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unfortunately cannot be used in multivariable analysis, unless the missing data is 

replaced.

1.2.3 Replacing missing data in APPROACH

Common methods for handling missing covariate values include stratification on 

missing-data status, conditional-mean imputation, and complete subject analysis in 

logistic regression. More sophisticated methods include multiple-imputation methods, 

maximum likelihood or pseudo maximum-likelihood methods, and weighted estimating 

equation methods (12). However, the validity of all methods for handling missing data 

depends on meeting certain assumptions (12), the most stringent being the assumption 

that the data as a whole are “missing completely at random” (i.e., whether or not a given 

variable is missing is entirely independent of the values of other variables, and also 

independent of whether other variables are missing). A less stringent assumption is that 

the data are “missing at random” (i.e.. whether or not a given variable is missing is 

entirely independent of the values of any other unobserved variables, although it can 

depend on the values of observed variables). In their review of methods for handling 

missing covariates in epidemiology, Greenland and Finkle argue that if the ‘missing-at- 

random* assumption fails, none of the above-mentioned missing data methods can be 

applied (12).

The APPROACH data collection process began in January of 1995. Among 

6276 patients tracked in 1995, only 4629 had complete data for a logistic regression 

analysis predicting one-year mortality. These data were missing in a non-random 

manner with a higher frequency of missing data in one of the four hospitals studied, and 

more missing data earlier in 1995 relative to later in the year. As well, certain values 

within each facility were missing more often than others, often in non-random “clusters” 

of variables (e.g., the variables prior myocardial infarction and prior thrombolytic therapy 

were often simultaneously missing). Consequently, the data were certainly not ‘missing
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completely at random*, and were possibly also not 'missing at random*, both key 

assumptions for imputation analyses. Alternative methods for replacing the missing 

values were required.

Facing a clearly non-random pattern of missing data in the APPROACH 

database, a study was undertaken to develop a method for replacing missing data by 

drawing on administrative data for the same patients. As a result the “data 

enhancement”, method for replacing missing data was developed (14) therefore 

maximizing the use of all cases in our cohort containing APPROACH clinical data 

necessary for the risk adjustment of the outcome QOL data. The development and 

testing of the enhancement method of data replacement is explained in Chapter 3.

1.2.4 Analysis of SAQ QOL data

Outcome QOL data in the APPROACH database was collected by means of a 

self reported questionnaire mailed to patients on the anniversary of their initial cardiac 

catheterization. This includes the Seattle Angina Questionnaire (SAQ) (Appendix A), a 

disease specific QOL scale. Disease specific measures of QOL are used for patients with 

diseases and symptoms that alter their QOL and are designed to address selected 

changes that are unique to an identified population or illness (15). The SAQ is a 19 item 

self-administered, questionnaire that measures five dimensions of CAD: exertional 

capacity, anginal stability, anginal frequency, disease perception and treatment 

satisfaction generating five independent scales. The SAQ, is sensitive to clinical changes 

in patient's coronary artery disease, and focuses on symptoms and impairments in health 

that are unique to coronary disease (16).

While analysing SAQ data gathered from our cohort of Alberta patients who had 

undergone cardiac catheterization (17), we noticed that each of the five dimensional 

scores of the SAQ were non-normally distributed and had marked ceiling effects. Given
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the non-normal distributions for the SAQ dimensions for our cohort we were concerned 

that the assumptions of parametric tests would be violated if we used t-tests to compare 

mean group scores or general linear modelling to risk adjust the SAQ scores. 

Consequently, the use of appropriate analysis methods for the SAQ became an important 

issue.

A comprehensive review of the literature on the SAQ, presented in Chapter 4 

identified 9 studies that used the SAQ to measure QOL outcomes in patients with CAD 

(18-26). Although favourable results were found in assessing the outcome following 

individual treatment strategies, for example patients undergoing a CABG (19, 22), Stent 

(20, 23), or medical management (18,21), there were no studies that addressed the QOL 

outcomes comparing treatment options for patients with multi-vessel CAD. Additionally 

perhaps more importantly, the comprehensive literature review of the SAQ demonstrated 

that parametric tests were used to compare SAQ scores. This was problematic 

considering the potentially non-normal distributions of the SAQ scale scores. Only one of 

the nine studies identified in the comprehensive literature review, addressed the issue of 

analyzing non-normally distributed SAQ scores (24) and used non-parametric statistics to 

compare scores between baseline and three months for patients with medically refractory 

angina, treated with transmyocardial revascularization and continued medical therapy.

1.2.5 Comparison of methods for analyzing SAQ data

For these two reasons: 1) results of the comprehensive literature review as well as

2) the distributions of our own SAQ data, an exploration of the most appropriate statistical 

analysis for SAQ data was undertaken. Four strategies for analysis were explored. The first 

strategy was to use linear regression based on the application of the centraWimit theorem. 

This states that where one has a large dataset (large number of cases), despite the non­

normality of the raw responses and the residuals, statistical inferences can be made based 

on the approximate normality of the regression estimates. The second and third strategies
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involved dichotomizing the SAQ outcome data by two separate methods and using binary 

logistic regression analysis and the fourth strategy was to use ordinal logistic regression. 

The comparison of the 4 models used to analyze SAQ exertional capacity dimensional 

scores is presented in Chapter 5.

1.2.6 QOL outcomes of patients treated for CAD

Using enhanced data and ordinal regression, a risk-adjusted analysis of follow- 

up QOL outcomes of patients in Alberta treated for CAD was undertaken, the results of 

which are presented in Chapter 6. The purpose of this study was to compare the cardiac 

related QOL outcomes one year after initial catheterization of patients undergoing PCI, 

CABG or medical treatment after adjustment for known demographic, co-morbid, and 

clinical predictors of outcome. Cardiac related quality of life was measured using the 

Seattle Angina Questionnaire (SAQ).

The research questions of this study were:

A) Are scores for the five dimensions of the Seattle Angina Questionnaire 

(exertional capacity, anginal frequency, anginal stability, disease perception, 

treatment satisfaction) different for adult Alberta residents treated with 

CABG, PCI or medical management?

B) What clinical factors are significantly associated with exertional capacity, 

anginal frequency, anginal stability, disease perception, treatment 

satisfaction after statistical adjustment one year following catheterization 

and treatment of CAD

For many patients with CAD, revascularization options of CABG, PCI, and/or 

medical management are clinically feasible options. The combined evidence comparing 

CABG and PTCA shows no difference in the survival outcomes of these two treatment 

strategies. Consequently, future selection of a revascularization strategy may be 

determined by the quality of life of patients following different treatment options. The aim
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of this study was to determine if there is an association between the choice of treatment 

and the quality of life outcomes as measured by exertional capacity, anginal stability, 

anginal frequency, treatment satisfaction and disease perception dimensions of the SAQ 

measured one year following the diagnostic catheterization for CAD. These findings 

should provide cardiologists further motivation to consider including patient reported 

QOL one-year follow-up outcome data when undertaking the complex therapeutic 

decision-making process for patients with multi-vessel CAD.
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CHAPTER2

LITERATURE REVIEW

2.0 Coronary Artery Disease Risk Factors

The Framingham Heart Study was the definitive study that identified the issues 

for epidemiological investigations of coronary artery disease. Between 1948 and 1949 a 

prospective cohort of 5,209 people, living in Framingham Massachusetts, aged 30 to 59 

and free from cardiovascular disease were enrolled. The accumulated data indicated 

that more than one factor was associated with the risk of myocardial infarction and of 

dying from heart disease. At the time when reports began to be released on the 

Framingham results, it was known that various factors were statistically and temporally 

related to heart disease but it was not known whether the factors actually 'caused' heart 

disease. I1) In fact the Framingham report of 1961 actually coined the phrase “risk 

factors* in describing the associations identified I11 As a result of the Framingham 

study, an immense number of studies have confirmed what we accept today as the risk 

factors for heart disease. These include unmodifiable risk factors such as age, sex, and 

race. As well behaviors such as smoking, alcohol consumption, diet, psychosocial 

factors, and exercise and physiological conditions such as hypertension, 

hypercholesterolemia, obesity, and diabetes, were identified as modifiable risk factors.

2.1 Treatment for Coronary Artery Disease

Over the last 20 years, there has been a shift in the management of coronary 

artery disease (CAD) from predominantly medical therapy to increasing use of
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revascularization procedures H I,[2] as a result cardiac catheterization, percutaneous 

transluminal coronary angioplasty (PCI), and coronary artery bypass grafting (CABG) 

have become very common procedures. In 1995, for example, approximately 16,000 

PCI and 19,000 CABG procedures were performed in Canada. CABG and PCI, are 

widely used procedures that provide at least a temporary mechanical solution to the 

fundamental problem of inadequate nutritive flow to the heart muscle. A CABG is a 

surgical procedure whereby 1-5 vessels are grafted to coronary arteries and blockages 

are “bypassed”. A PCI is an interventional procedure where a catheter is inserted into 

the coronary artery and a balloon inflated resulting in flattening of the coronary lesion 

and clearing of the coronary artery. Although these procedures are often very effective,

the relative merits of the two approaches remain controversial [2],

The quality of life (QOL) outcome benefits of PCI as compared with CABG or 

medical therapy for patients with multi-vessel coronary artery disease has not been 

firmly established HI . A Medline search of the medical literature identified nine 

randomized control (RCTs) and one meta-analysis comparing the outcomes of CABG 

versus PCI for single and multi-vessel coronary artery disease [2-11]. Two trials, the

Lausanne Trial t7!, and the MASS trial (8l included only patients with single vessel 

disease. As this study assessed the QOL outcomes of patients with multi-vessel 

disease, these studies were not reviewed. Length of time to measure outcomes varies 

for each of the trials. One further study looked at the immediate revascularization results

[2], three studies addressed one-year outcomes, I4 -11 >5], one study reported on the

outcomes at a mean follow-up of 2.7 year [6], one study, t9* had a follow-up of 3 years,

and one trial, t1° l measured outcomes at 5 years. These studies are summarized in

table 2-1. Sample sizes ranged from 52 patients per group in the Toulouse trial (2] to the
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largest sample in the BARI trial I10! of 915 per group. Ail seven trials randomized 

patients appropriately and demonstrated that the groups were similar at the start of the 

trials. Intention to treat strategy was used in all seven trials. Blinding of investigators 

involved in the treatment strategies was not possible as all trials involved surgical 

interventions. The BARI trial HO], RITA trial t6l and EAST trial (9l minimized bias by 

blinding the investigators and follow-up personnel who assessed the clinical outcomes 

of the treatments.

The Toulouse trial sets the stage for comparing the RCTs of treatment modalities 

for multi-vessel disease. As the first of several different follow-up time frames studied, the 

Puel et al study [3] reported in abstract form, compared the revascularization results, 

calculated as a rate (successfully grafted or dilated/attempted vessel x 100) immediately 

following PCI or CABG treatment procedures. Patients were randomly assigned to PCI 

(n=57) or CABG (n=52) and inclusion criteria included patients with multi-vessel disease. 

The investigators stated that both groups were similar in respect to age, sex, risk factors, 

and symptoms, and left ventricular function. Four sub-groups emerged for comparison as 

a result of the number of diseased vessels involved. These included 2 vessel disease 

having PCI, 2 vessel disease having CABG, 3 vessel disease having PCI and 3 vessel 

disease having CABG. There were no significant differences in the angiographic type of 

lesions among the groups. There was no significant difference in the rate of successfully 

dilated/grafted vessels between the 2 VD subgroups. There was a marginally (73.8%-PCI 

vs. 96.6%-CABG, p £ 0.05) significant difference associated with the treatment sub groups 

with 3 vessel disease, but the authors state that larger numbers are required in order to 

draw any firm conclusions.
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Three RCTs looked at the one-year outcomes, comparing CABG versus PCI

treatments. The German GABI trial t4l, the ERACI Argentinean trial (111, and the European

CABRI trial (51 all have important differences in design and end points. The GABI study 

collected data at 8 centers in Germany, and randomized a total of 338 patients, 176 to PCI, 

and 161 to CABG. Selection criteria were similar to both the ERACI and the CABRI trial but 

the primary end point of the GABI trial was freedom from angina (CCS class <2) one year 

after the intervention. Secondary endpoints included the incidence of major cardiovascular 

events (death or myocardial infarction); procedure related complications and the rate of 

further interventions. A unique inclusion in the GABI trial was a 6-month angiography at a 

central lab. Although only 219 patients agreed to participate in this part of the study, and it 

would be obvious at angiography which treatment the patients had received, this procedure 

provided a clinically objective measurement of comparison between occluded grafts (20%) 

and occluded vessels (16%) that had been revascularized with PCI. Results of the GABI 

trial showed that PCI and CABG are equally effective treatments for relieving angina. The 

most prominent difference between the GABI trial and the CABRI and ERACI trials aside 

from the primary endpoint is the percentage of patients in each trial whose clinical indication 

for treatment was unstable angina. These differences (GABI-5%, CABRI-55%, ERACI- 

83%) would suggest that the populations are different and there may have been unique 

selection differences among the trials. The differences in the populations would likely 

account for the differences in the findings between the studies, specifically the difference in 

the increased presence or absence of angina at one year associated with PCI.

The ERACI trial’s first publication was a one-year report of a study designed to 

compare freedom from combined cardiac events (death, angina, and Ml) at 1, 3 and 5-year 

follow-ups. The randomized sample included patients from one hospital in Argentina. There
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were no significant differences in the treatment groups at the beginning of the trial. All 

analysis used intention to treat criteria. Similar to the CABRI trial, the ERACI results 

indicated non-significant differences between the PCI and CABG treatment groups for 

death and Ml. ERACI results did demonstrate that levels of angina, repeat 

revascularization, and combined events were significantly higher for patients treated with 

PCI. The ERACI trial although small (PCI-62 patients and CABG-64 patients) supports the 

results demonstrated in the CABRI trial. Of note, the ERACI sample had a higher than 

usual presence of patients with unstable angina which may have biased the overall results. 

Rodriquez et al l12l note that it has been well established that patients with unstable angina 

are known to suffer from a greater number of complications from the revascularization 

procedure and that these results might be better in studies with fewer patients with unstable 

angina.

The CABRI trial randomized 1054 patients from 26 different centers across 

Europe. One of the main strengths of this particular RCT aside from its substantial size 

was that each center had knowledge of its own results alone, and therefore could not 

influence its own results by knowing those of the other centers. The primary outcome that 

was compared between the PTCA and CABG groups was mortality and anginal symptoms 

at one year. Secondary outcomes included Ml’s, requirements for revascularization, and 

requirements for medications. The randomization successfully distributed the sample into 

equal groups on all risk factors identified. The results indicated that there was a non­

significant higher relative risk of death (1.42,95% Cl 0.731-2.76), for the PCI group and a 

significantly higher relative risk of angina (CCS CLASS >1) associated with the PCI 

treatment strategy (RR=1.54 p=0.012). The CABRI trial also identified that the patients in 

the PCI group had a risk of re-intervention 5 times greater than the patients in the CABG
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group (RR=5.23 95%CI=3.90-7.03, p<0.001). As a result of the PCI patients experiencing 

significantly more angina, it is not surprising that the PCI treatment group took significantly 

more anti-anginal drugs. Finally the CABRI trials noted that females were more likely to 

have clinically significant angina at one year, and were at significantly higher risk for one- 

year mortality. The association identified with the female sex is unique to this trial.

The RITA trial designed as a five-year outcome study published an interim report

[6] for patients with a mean follow-up time of 2.5 years. Sixteen participating hospitals 

across the United Kingdom and Ireland participated in the study. Every center employed a 

research assistant to coordinate the study and collect the data. All patients were examined 

and interviewed at 1, 6, and 12 months following the initial intervention and then follow-up 

at 2, 3 ,4  and 5 years. The primary endpoint was the combined 5-year incidence of death 

and Ml. A reviewer blinded to the treatment strategy independently assessed all deaths and 

Ml. 1011 patients were successfully randomized as evidenced by equality of prevalence of 

risk factors and analyzed by intention to treat criteria. No patients were lost to follow-up. To 

date there were no differences between the CABG and PCI groups in the combined 

primary end-point There is no evidence to suggest any treatment difference, depending on 

the number of diseased vessels. There was a significant difference in the number of PCI vs. 

CABG patients undergoing a second revascularization procedure (PCI-38%, cabg-11.5%, 

and p <0.001). The authors noted a striking improvement in reported angina in both 

treatment groups but state that at every follow-up point there was a significant excess of 

patients with angina in the PCI group. As well, patients receiving PCI had a much greater 

use of anti-anginal drugs during follow-up compared to CABG patients.

The EAST trial t9l was a three-year prospective trial that compared the clinical 

benefits of PCI and CABG for multi-vessel disease. 392 patients were randomized into two

20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



groups. There were no significant differences between the two groups. Ail patients were 

recruited from a single center in Atlanta, GA. An independent biostatistical center at Emory 

University verified the data and provided analysis as required. Throughout the trial, all 

clinical investigators were blinded for outcomes of the two treatment groups. The primary 

endpoint included a composite of death, including mortality from all causes, a Q wave Ml 

and a large ischemic burden detected by thallium scanning at three years. Data were 

analyzed according to the intention-to-treat principle. The results of the EAST trial led the 

investigators to conclude that CABG and PCI did not differ significantly (p=. 73) with 

respect to the occurrence of the composite primary end point Consequently, the selection 

of one procedure over the other should be guided by patients* preferences regarding the 

QOL and the possible need for subsequent procedures.

One trial used five-year follow-ups to determine if there was a difference in

endpoints for the patients treated with CABG vs. PCI. The BARI trial HO] randomized 1829 

patients to CABG and PCI groups recruited from 16 centers across the United States and 2 

centers in Canada. The Primary endpoint was mortality from all causes. Subgroups of 

patients, defined by five factors: the severity of angina, the number of diseased vessels, 

diabetics treated with the use of insulin or oral hypoglycemic, left ventricular function, and 

complexity of lesions, were identified a priori for analysis. There was no statistically 

significant difference in the cumulative survival curves for the two treatment groups, 

(CABG-111 deaths, PCI-131 deaths, p-0.19). The rates of survival free Mis also did not 

differ significantly between assigned treatment groups. Eight percent of CABG patients 

underwent additional revascularization procedures within the first five years as compared to 

54% of patients in the PCI group (p>0.001). The only significant difference occurred in the 

five-year survival in the subgroup of patients with treated diabetes. 5-year survival was
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65.5% among patients with treated diabetes who were assigned to PCI as compared to 

80.6% among diabetics assigned to CABG. The researchers note that as compared to the 

CABRI, RITA, EAST, GABI, MASS and ERACI trial, the one-year mortality of the BARI trial 

appeared to be higher. The BARI trial enrolled older patients, a higher proportion of patients 

with a history of myocardial infarction, hypertension, congestive heart failure, diabetes and 

poor left ventricular function. The conclusions reached in the BARI trial suggested that for 

patients, who prefer to avoid major surgery, PTCA may offer a reasonable alternative with 

an expectation of similar overall survival rates and survival rated free of Q-wave infarction.

Finally, Pocock et al [2] completed a meta-analysis of eight of the above RCT 

comparing CABG and PCI treatment strategies. The meta-analysis focuses on outcomes 

of treatment including mortality, Mis, additional interventions, and angina post procedure. In 

order to seek consistent reporting of information a standard proforma was sent to each of 

the principal investigators. This information included the number randomized, the median 

length of follow-up. number receiving the randomized procedure, and the distribution of 

angina grade (CCS CLASS) at one and three years. Pocock‘s meta-analysis concludes 

that there is no evidence of a treatment difference in mortality, and no overall difference in 

cardiac death/MI rates between CABG and PCI groups. They did however identify a 

significant difference in re-intervention rates ranging from 3.2% for CABG vs. 34.5% for 

PCI. Of note is the highly significant heterogeneity between trials, (p=0.006). All trials had a 

higher prevalence rate of angina in the PCI group at one year that diminished substantially 

at three years (Table 2-2).

Two aspects of all the RCTs stand out as important limitations to the studies. 

Firstly, all of the studies randomized a small (4% to a maximum of 54%) percentage of 

eligible patients and consequently, the randomized patients represent only a small portion
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of total number of patients who were screened for the studies. Secondly, each study's 

design albeit slightly different, utilized agreement between surgeons and interventionalists 

(physicians trained to perform angioplasty) as to whether or not each patient was suitable 

to both treatments prior to randomization. A patient may have met the inclusion criteria but 

was at risk of being randomized contrary to the treatment method deemed by the clinician 

to be in the patients best interest For example, some clinicians may prefer to treat younger 

patients with PCI and to delay surgical interventions for as long as possible. Disagreement 

between the surgeon and interventionalist resulted in patients not meeting the eligibility 

criteria for randomization. Consequently this further constraint on the patients available for 

randomization severely limited the generalizabilityof the results.

Even though there were important differences in the design and endpoints of all of 

the RCTs, their results measured at follow-up, consistently showed non-significant 

differences in survival, and non- significant differences in the incidences of nonfotal 

myocardial infarctions of patients treated with CABG or PCI, at follow-up. As well, when 

measured at follow-up, patients undergoing CABG, as compared to those undergoing PCI 

were less likely to have angina and less likely to undergo additional coronary 

revascularization procedures. Given the differences in inclusion criteria, and follow-up, the 

consistency of these results of the trials is striking.

Three of the 7 trials, the CABRI trial, the BARI trial and the RITA trial comparing

CABG versus PTCA included sub-studies on quality of life outcomes The

CABRI and RITA sub-studies concluded that there was no difference at 1 and 3 years 

respectively in the health related quality of life outcomes following surgery or angioplasty 

treatments for CAD. In contrast, the BARI trial found an association between treatment 

with CABG surgery and ‘better quality of life’ as measured by functional status scores,
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at three years as compared to patients treated with angioplasty. One cohort study 

used a repeated measures design to assess the QOL changes at baseline, 6 months 

and 1 year in terms of functional capacity in 280 patients (100 CABG, 100 PTCA, & 80 

medication only) undergoing treatment for CAD. Results of the study indicated that the 

QOL of the patients who had undergone CABG and PTCA was significantly better at 6 

months and one year in the dimensions of energy, pain and mobility at one year. In the 

Medically managed group, the only improvement took place in the dimension of social 

isolation. The dimensions of energy and mobility for this treatment group in fact 

deteriorated. Unfortunately the patients in the study groups (CABG, PCI and medically 

managed) were notably different at the beginning of the study and risk adjustments were 

not done to attempt to control for the differences. As well patients in the PTCA group 

who then went on to have a CABG were dropped from the analysis potentially altering 

the results of this group.

2.2 Measuring the Quality of Life in Patients with Coronary Artery Disease

Although it was Socrates who exclaimed ’We should set the highest value, not 

on living, but on living well’ , medical interest in Quality of Life (QOL) issues, is a 

relatively recent development, that has been significantly roused as technological 

advances result in care that prolongs survival yet fails to address the ‘quality’ of the 

survival. Debate regarding the quality of life following medical treatment and the 

appropriate medical treatment in relation to consideration of quality of life outcomes 

rages on. MacDowell and Newell in their book on measurements of health, note that 

although the debate is not new ‘What is new is the development of formal ways to

measure quality of life and their routine application in outcome evaluation.’!171. QOL 

questionnaires are particularly beneficial at enhancing the scope of outcome measures
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beyond the traditional ones of disability and/or death. Of particular interest though, is the 

fact that frequently, QOL measures also provide a means whereby a patients’ own 

judgment can be measured and in ideal circumstances influence treatment This has 

intuitive appeal for outcomes research, as patients are considered better at judging 

when they are better or worse off.

QOL scales can be classified as generic, covering health in general, or disease 

specific. Global or generic QOL measures address a variety of dimensions of health 

including physical functioning, social and emotional functioning, perceived health status, 

life satisfaction and interpersonal relationships. Some QOL instruments designed for 

general use include: the Duke Health Profile, the Nottingham Health Profile, the 

McMaster Health Index Questionnaire and the popular Medical Outcomes Study sf 

surveys, the SF-36, SF-20 and now the SF-8.Generic scales generally describe a 

subjects physical, social and mental well-being. Disease specific scales as the name 

implies were developed to be used for patients with specific diseases and symptoms 

that alter their QOL They are designed to address selected changes that are unique to 

an identified population or illness. Examples include the Arthritis Impact Scale, the 

Functional Living Index-Cancer, and the Seattle Angina Questionnaire. QOL 

measurement is valuable in comparing treatments that are equivalent in terms of other

indices t17l  Ultimately, in health outcomes research, a QOL measure should ascertain if 

a patient has received medical treatment that they determine has been beneficial, at the 

very least non-maleficent ‘ In a sense, patients statements about how they feel about 

the quality of their own lives could be considered the GOLD standard itself. After all can 

a patient have a good quality of life without knowing it?* [62].
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2.3 Measures

2.3.1 The Seattle Angina Questionnaire

In 1994 Spertus et al published "a disease-specific functional status measure, to

quantify the physical and emotional effects of coronary artery disease"!1 ®l. The Seattle 

Angina Questionnaire is a 19 item self-administered questionnaire. Five dimensions of 

coronary artery diseases are measured, generating five independent scales including 

exertional capacity, anginal stability, anginal frequency, and disease perception and 

treatment satisfaction. Each of the questions is measured on an ordinal scale with 1 

indicating the lowest/poorest response. The questions specific to each dimension are 

summed and then converted to a 0 to 100 range. As each ordinal scale measures a 

unique dimension, the five scales have been tested for validity, responsiveness, and 

reproducibility independently using different patient groups including:

1) Patients with CAD undergoing an exercise treadmill test at a Veterans Affairs medical

center and a university-affiliated outpatient clinic,

2) Outpatients with self-reported CAD from a survey of all enrollees in an internal

medicine clinic.

3) A cohort of patients with initially stable coronary artery disease identified from the

Seattle Veterans Affairs Medical Center's computerized database who met the 

following criteria I) a discharge diagnosis in the previous 5 years of coronary artery 

disease. II) A current prescription for nitroglycerine, III) no change in anti-anginal 

medicines within the previous 9 months, IV) no hospital admissions with the 2 

months and V) no diagnostic tests for evaluation of cardiac disease during the 2 

months proceeding the study.
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4) Patients undergoing percutaneous coronary angioplasty enrolled from a cardiac 

catheterization laboratory of a Veteran Affairs Medical center and a university 

medical center.

The results of these studies are summarized in Table 2-3 and indicate that for 

all dimensions the SAQ appears to be a satisfactory scale for measuring the quality of 

life in cardiac patients. Pearson correlations were used to compare clinically accepted 

measures (gold standards) with the dimensional scores of the 5 SAQ subscales. The 

exertional capacity scores were correlated with exercise treadmill times resulting in a 

Pearson r = 0.42 (p=0.001). Anginal frequency scores were correlated with the number 

of nitro-glycerine refills reported over a one year period (r=0.31,p=0.006). The anginal 

stability score were correlated with patient's global perceptions of change (r=0.70, 

p<0.0001). The treatment satisfaction scores were correlated with the American Board 

of Internal Medicine patient satisfaction questionnaire scores and demonstrated a 

correlation of r= 0.67 (p<0.0001) and the disease perception scale was correlated with 

the SF-36 general health scale resulting in an r=0.60 (p<0.0001). The most notable 

limitation regarding the SAQ was that all of the validation studies for the SAQ 

dimensions were performed on a sample of elderly men. One further limitation of the 

SAQ is the absence of scales measuring the psychological and social dimensions both 

of which have important ramification regarding a patients QOL

Spertus further tested the SAQ in a comparison study of the SAQ and the SF

36, a generic measure of health status t19l. Both questionnaires were administered to 2 

groups of patients. The first group was 45 patients who underwent successful 

angioplasty whereby it was anticipated that the patients would experience substantial 

improvement in their symptoms. Baseline and three-month follow-up SAQ and SF-36
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forms were completed and evaluated with paired t-tests. As well, Guyatfs 

responsiveness statistic, a ratio of the mean change in score among patients who 

improve clinically, divided by the standard deviation of the change in score observed 

among stable patients, were also calculated. The higher the responsiveness statistic, 

the more sensitive the measure is in detecting change. For the scales that changed 

significantly over three months, the responsiveness statistics of the SAQ scales were 

considerable higher than those of the SF-36 (Table 2-4).

The second group of patients included 130 patients with stable CAO. This group 

was chosen to demonstrate the responsiveness of the questionnaires to smaller clinical 

changes. Three months following the completion of the SAQ and SF-36, this group was 

mailed a 5-point global question inquiring about changes in the patient’s CAD. Linear 

regression analyses in which all 8 SF 36 scales were entered into a model with the patients’ 

responses to the global follow-up question as the dependent variable were completed. 

According to the responses, patients were grouped into three groups including patients who 

felt they had gotten worse, patients who felt they were unchanged and patients who felt 

they had gotten better in the 3-month interval. The multiple-partial F test was highly 

significant (p<0.001), suggesting that the SAQ added significantly to the SF-36 in explaining 

patients' self-report change. Contrary to the SAQ, the SF-36 added no significant additional 

information to the SAQ in explaining the patients’ self-reported change in their CAD. The 

preliminary results of these studies indicate that the SAQ is a valid scale for different 

populations of patients with CAD (Personal Communication: JohnSpertus, Oct 1996).

2.3.1 Reported Use of the Seattle Angina Questionnaire

Electronic databases (Medline, Psychlit, Embase, Cinahl, Health star, Pubmed, 

Ageline, Cochrane, Sociological abstracts, MD consult) were searched using "Seattle 

angina questionnaire” as the key words as well as various combinations of Seattle, angina
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and questionnaire. Web of Science (Scientific Citation Index) was searched to identify any 

manuscripts that cited either one of the two developmental articles authored by JA 

Spertus.

The electronic database search identified a total of six studies . Two of the six 

were the SAQ development studies t18-19). Three studies employed the SAQ as a 

measure of QOL in patients with CAD PO 21, 22] an(j  0ne study P3] compared the SAQ 

to two other QOL measures. Searching the Scientific Citation Index identified a further 31

articles that cited one or both of the two Spertus SAQ developmental articles t18-19] 

(Table 2-5). Of those 31 studies an additional four articles were identified as having used 

the SAQ as a measurement tool in the studies. Thirteen articles referred to the SAQ as a 

disease-specific tool for assessing QOL in patients with CAD. Ten articles use the results 

of the developmental SAQ article as validation for their own particular study. Examples 

included indicating that the scores of the SF-36/MOS scores used in the validation of the 

SAQ, were comparable to the SF-36 scores achieved in the particular study in question 

and for justification that mortality is no longer justifiable as the sole endpoint in CAD 

treatment assessment Two articles were published in non-English journals, German and 

Spanish, and were not assessed. Two article were planning to use the SAQ in planned 

RCTs (Table 2-5). Further results of this comprehensive literature review are presented in 

Chapter 4.

2.4 APPROACH

The Alberta Provincial Program for Outcome Assessment in Coronary Heart 

Disease (APPROACH), a population-based inception cohort of all Alberta residents 

undergoing cardiac catheterization for CAD provides a unique opportunity to study many 

aspects of CAD management All APPROACH patients at present are treated at three
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sites: the University of Alberta Hospitals (Edmonton), the Royal Alexandra Hospital 

(Edmonton), and the Foothills Hospital (Calgary). Up until March 31* 1996, patients were 

also treated at the Holy Cross Hospital (Calgary). Patients in APPROACH are followed 

longitudinally after cardiac catheterization, thus allowing for assessment of subsequent 

treatment (i.e., PCI or CABG or medical treatment). The significant strength of the 

APPROACH database is that it is very large (about 7000 new cases a year) and contains 

detailed information for each patient including sociodemographic characteristics, presence 

or absence of co-morbidities, disease specific variables, coronary angiography results, 

post-catheterization referral decisions, records of actual revascularization events 

(including dates), and survival and quality of life. The ongoing involvement of cardiologists 

and cardiac surgeons at all three sites in the APPROACH project has ensured the clinical 

relevance of the data collected.

2.5 Dealing with Missing Data in an Observational Database

Much of the published outcomes research in health care relies on administrative 

databases with limited clinical information about patients. Multivariable risk adjustment 

based on administrative data is therefore constrained from the outset by the lack of 

details on important prognostic factors. Clinical databases are better able to explain 

inter-provider differences in outcomes than are administrative databases. As Hannan et 

al. [58] have demonstrated, the advantage of clinical databases comes from the ability to 

select and capture prospectively those clinical variables that are important prognosticate 

and have no comparable diagnostic code in administrative data. However, when more 

detailed databases are developed, costs rise as do the chances that some data for 

some patients will not be collected. Cases with missing values for any one of the 

variables entered into a model unfortunately cannot be used in multivariable analysis, 

unless imputation is used.
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Common methods for handling missing covariate values include; stratification 

on missing-data status which is equivalent to creating an additional ‘missing category” 

for the covariates ; conditional-mean imputation whereby the concept is to fill in (impute) 

missing values for each subject with the mean value of the cases with the variable 

present; and complete subject analysis in which only subjects with all values recorded 

for all covariates are retained in the logistic regression analysis. These methods can be 

biased under reasonable circumstances and are often unsatisfactory [59]. More 

sophisticated methods include; multiple-imputation methods where multiple copies of the 

original dataset are generated, each with missing values replaced by values randomly 

generated according to a model for the distribution of incomplete regressors and its 

dependence on complete regressors and the outcome variable; maximum likelihood or 

pseudo maximum-iikelihood methods in which a joint model for the outcome under 

study,; the covariate distribution and possibly the missing data process is fit , and ; 

weighted estimating equation methods in which a model for the missing-data process is 

used to provide special weights and covariates for the outcome regression analysis [59]. 

These three groups of advanced methods require considerable theory and statistical 

sophistication and contain many variants. Notwithstanding this, the validity of all 

methods for handling missing data depends on meeting certain assumptions [59], the 

most stringent being the assumption that the data as a whole are ‘missing completely at 

random* (i.e., whether or not a given variable is missing is entirely independent of the 

values of other variables, and also independent of whether other variables are missing). 

A less stringent assumption is that the data are ‘missing at random” (i.e., whether or not 

a given variable is missing is entirely independent of the values of any other unobserved 

variables, although it can depend on the values of observed variables). In their review 

of methods for handling missing covariates in epidemiology, Greenland and Finkle argue
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that if the "missing-at-random* assumption fails, none of the above-mentioned missing 

data methods can be applied [59].

If the data are non-randomiy missing, then the impact of exclusion will be non- 

random, with resultant biases in any analyses. Another approach is to impute the lowest 

level of severity for a given missing variable. In this instance, the goal is to provide an 

incentive for participating centers or health care providers to be more assiduous about 

data capture in the future. A third possibility is using alternative data sources to 'fill in the 

blanks'. For example, Smith et al. [60] recently demonstrated that significantly more 

accurate estimates of probabilities of death are possible with administrative data when 

limited clinical information from clinical databases is merged with the administrative 

data. The converse (using administrative data to fill in gaps in clinical registry data) is 

also feasible. Chapter 3 presents the method and validation of replacement of missing 

data that was used in this study.

2.6 Summary

Randomized controlled trials comparing the survival benefits between treatment 

modalities for CAD do not provide definitive evidence of which intervention (CABG vs. 

PTCA) is superior. Even though there were important differences in the design and 

endpoints of the RCTs, their results measured at follow-up, consistently showed non­

significant differences in survival, and non- significant differences in the incidences of 

nonfatal myocardial infarctions of patients treated with CABG or PTCA, at follow-up. As 

well, patients undergoing CABG, as compared to those undergoing PTCA were less likely 

to have angina and less likely to undergo additional coronary revascularization procedures. 

Given the differences in inclusion criteria, and follow-up, the consistency of these results of 

the trials is striking. Due to the lack of significant evidence regarding treatment
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supremacy, for mortality and myocardial infarction, one group of investigators was led to 

conclude “ although absolute treatment survival differences were modest, treatment 

decisions should be based not only on survival differences, but also on symptom relief, 

quality of life outcomes and patient preferences.’ P5Jof particular note is that no 

published studies have compared all three treatment modalities (CABG, PTCA and 

Medical Management) for efficacy or effectiveness with respect to quality of life.

Prior to being able to compare the QOL outcomes of patient treated for CAD, 

two issues required attention. The first of these was to replace the missing clinical data 

that was required to risk adjust the SAQ QOL dimensional scores. Chapter 3 presents 

the development and testing of the ‘enhancement method’ used to replace the missing 

data in the APPROACH database. The second issue involved determining the most 

appropriate statistical analysis of the SAQ QOL scores. Chapter 4 presents a 

comprehensive literature review of the studies that have used and analyzed SAQ data 

and Chapter 5 compares 4 methods of data analysis for SAQ data and presents the 

most appropriate method of statistical analysis.

The primary aim of this study is to measure the QOL outcomes, specifically the 

exertional capacity, anginal stability, disease perception, anginal frequency and 

treatment satisfaction of patients undergoing treatment for CAD while controlling for 

disease severity. The evaluation of health-related QOL for patients treated for CAD is 

crucial particularly in light of the fact that there are diverse treatment options. Disease- 

specific QOL outcomes are important to determine whether the treatment modalities 

improve in specific dimensions known to limit patient activities of daily living and 

ultimately their quality of life. In view of the gains attained with the treatments for CAD, 

further information regarding patient characteristics predictive of exertional capacity,
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anginal stability, disease perception, anginal frequency and treatment satisfaction will 

provide patients and clinicians with another important facet of the outcome of treatment 

for CAD.
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Table 2-1. Summary table of randomtzed controlled tria s I of coronary artery disease.
Study Inclusion Criteria Sample Size % randomized 

from eligible 
pool

VPtimaiy endpoint 

2.Secondary endpoint

mention

To Treat 
matysis

Results

Toulouse Trial 

1 centre

multi-vessel CAB

52

PCI

57

1. Revascularization rate 
(successfully dilated-grafted 
/attempted vessels)* 100

✓ 1) 2 vessel disease no significant 
difference

2) 3 vessel disease PCI- 73.6% CABG- 
96.6%  p<0.05

GABI trial

8 centres in 
Germany

No Left main,< 75 yrs.

2 major arteries CCS>2 

Stenosis > 70%

CAB

161

PCI

176

4 %  of total 1.Freedom from angina at one- 
year

2. Combined Death or Ml

✓ 1) No significant difference in Primary 
endpoint

2) Significant difference in combined rate 
CAB>PCI 11% .5% p=.047

ERACI Trial 
1 centre In 
Argentina

Severely limited stable 
angina

Rest unstable angina

>=70% stenosis in more 
than one epicardial artery,

CAB

64

PCI

63

5.8% of total 

High
incidence of 
patients with 
unstable 
angina-83%

1) Freedom from combined 
coronary events at one-year 
death, Ml, & angina

2) In hospital complications 
(death Ml and ER 
revascularization, 
completeness of 
revascularization, in hospital 
and late costs.

✓ 1.1) D eath -N S  difference.

1.2) A M I-N S  difference

1.3)Freedom from angina CAB-85% PCI- 
65%  p<0.02

1.4 Freedom from combined events CAB 
85%  PCI 65%  p< 0.005

2.1)

CABRI
Trial

26 European 
centers

LEF >= 35%

< 76 years 

pain at rest

> 50% stenosis in 2 or 
more vessels

CAB

513

PCI

541

54% of total 1) Mortality and symptom 
status (based on angina 
class) at one-year

2) M l, requirements for 
antianginal medications, 
revascularization

✓ 1.1) death -  NS difference

1 2)angina PCICAB RR=1.54 (1.09- 
2.16), p=0.012

2.1) M l - NS difference

2.2) meds- PCICAB RR= 1.30 
(1 .1 8 -1 .4 3 ) p<0.001

2.3) reinteivention- PCICAB  
RR=5.23 (3.90-7.03) p<0.001
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uo>

RITA

16 cafdMhoradc 
centres in the UK 
and Ireland

Arteriographically proven 
CAD

Stable or unstable angina

One or > vessels with 
70% stenosis in one view 
or 50% in two views

CAB

501

PCI

510

3% of total 1) Combined death or Ml -2 .5  
year report

2) Subsequent interventions 
and angina

3) Self reported health status & 
return to work (QOL)

~ 7 1.1)Combined death and Ml CAB: PCI 
R R =88 (.5 9 - 1.29)p=.47

2.1)Subsequent interventions PCI-38%  
CAB-11%p<0.001

2.2) Angina -P C I-31 .3% CAB-21.5% 
@  2 yrs, P=0.007

3.1) NS differences between two treatment 
strategies

EAST trial

Single centre trial 
US

A l patients with Unstable 
and Stable Angina

Any age

2 or 3 vessel disease 

EF > 25 %

CAB

194

PCI

196

7.7% or total 4) Composite of death or Q 
wave Ml at 3 years

5) Reintervention and angina

✓ 1) Composite NS difference

2.1) Re-intervention CAB-1 % PCI-22%
p<0.001

2.2)Angina (CCS class >= II) -  CAB-12% 
PCI 20% p=0.039

BARI trial

18 centres in the 
US and Canada

Multi-vessel coronary 
disease

Clinically severe angina

CAB

914

PCI

915

Apriori
Subgroup

Severity of 
angina

Number of
diseased
vessels

LV function

Lesion
complexity

Treated
Diabetes

1) A l cause mortality within 5 
years.

2) AN cause mortality by 
subgroups

3) Repeat revascularization, 
Angina at 5 years,

4) QOL -return to work rates, 
rate own health, limitations 
on daily Me

✓ 1.1)AI cause mortality- NS difference 
between CAB and PCI p -0.19

2.1) Diabetes -CAB 80.6%  PCI 65.5%  
p=0.003

3.1) Repeat Revascularization CAB 
3% PC119% p<0.001

3.2) Angina at 5 years CAB PCI 
RR=.73fl p=.003

4) NS differences at 5 years



Table 2-2 She and precision of treatment effects of seven multi-vessel RCTs 
and one meta-analysis______________________________ ________
TRIAL NUMBER OF 

PATIENTS

Number of 

patients having 

cardiac death or 

Ml in first year

RR

Significance

CABG.PCI

Significance

used

cabg PCI cabg PCI a power

CABRI 513 541 29 43 .817 NS p<05 .80

RITA 501 510 31 34 .972 NS p<05 .80

EAST 194 198 33 24 1.20 NS p<05

«C
O

00

GABI 177 182 18 10 1.34 NS p<05 .80

TOULOUSE 76 76 6 6 1.00 NS p<05 .11"

ERACI 64 63 7 8 .917 NS p<.05 .70

BARI 914 915 52 27 1.37 P<0.01 p<.05

Meta-analysis*' 1661 1710 127 135 .97 NS P<05 .63 " *

'Included 2 trials (single vessel-MASS, Lausanne): did not include BARI trial. 

"Power calculated based on results of trial 

" *  Power calculated to detect 2% difference in rates.
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Table 2-3 Validation Studies- Seattle Anglna Questionnaire
Dimension Sample References Analysis Statistic Significance

Physical Limitation Patients with CAD 

undergoing ETT

ETT ‘duration COMPARED TO:

SAQ physical limitation

Duke Activity Status Index

Specific Activity Scale

Canadian Cardiovascular Society

Classification

SF-36

Pearson r coefficient

.42

.40

.36

.21

.024

(0.001)

(0.001)

(0.02)

(0.11)

(0.93)

Anginal Frequency Patients with initially 

stable CAD

Number of nitroglycerine refills in 1 

year

Pearson r coefficient .31 (0.0006)

Anginal Stability -  

Lower scores=more 

frequent angina

1. Patients 

undergoing PCI

2. Patients with 

initially stable 

CAD

1. Diagnosis of unstable angina 

(UA)

2. Patients global perception of 

change

1. t test of mean 

scores

2. Pearson r 

coefficient

UA-21.4

SA-39.8

.70

(0.03)

<(0.0001)

Treatment

Satisfaction

Resident patients with 

self-reported CAD

American Board of Internal Medicine 

Patient Satisfaction Questionnaire

Pearson r correlation .67 <(0.0001)

Disease Perception Patients with initially 

stable CAD and PCI

SF-36 general health scale Pearson r coefficient .60 <(0.0001)

Taken from Spertus et al 1994
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Table 2-4 Mean Change In Functional Status Scon of Patients 
Undergoing Successful PCI ______________________
Scale Mean Difference 

Baseline & 3 months
P value Responsiveness

Statistic

SAQ

Physical Limitation 17.9 <0.0001 1.2
Anginal Stability 46.3 <0.0001 2.2

Anginal Frequency 33.3 <0.0001 2.0

Treatment Satisfaction -1.5 .66 0.1

Disease Perception 36 <0.0001 2.3

RAND SF-36

Physical Functioning 10.6 0.02 0.8

General Health -1.2 0.64 0.1

Mental Health 5.4 0.07 0.4

Bodily Pain 23.1 <0.0001 1.1

Role-emotion 18.5 0.04 0.5

Role-physical 20.3 0.003 0.5

Social Functioning 11.6 0.008 0.6

Vitality 10.7 0.005 0.9



R
eproduced 

with 
perm

ission 
of the 

copyright ow
ner. 

Further 
reproduction 

prohibited 
w

ithout 
perm

ission.

Table 2-5 Results of literature search
Use of SAQ in Manuscripts Electronic

Databases

N (reference)

Web of 
Science

N (reference)

Total

SAQ Development Studies by Spertus et al 2 [18,27] 2

Used SAQ as a measure for QOL 3120,22,23] 6 [28-33] 9

Plans on using SAQ in future study 1 [21] 1 [34] 2

Articles refer to SAQ as disease specific tool for measuring QOL. 

(do not actually use SAQ)

17135-51] 17

Use the results of SAQ developmental article as validation for another 
QOL measure

6 [52-57] 6

Identify and review the treatment satisfaction scale of the SAQ 1 [34] 1

Articles published in non-English journals (not assessed) 2 2

Total 6 33 39



2.7 REFERENCES

1. Stolley PD, Lasky, Tamar. Investigating Disease Patterns. The Science of 
Epidemiology. New York: Scientific American Library, 1995.

2. Pocock SJ, Henderson RA, Rickards AF, Hampton JR. King III SP, Hamm CW. 
Puel J, Hueb W, Goy J-J, Rodriguez A. Meta-Analysis of Randomized Trial 
Comparing Coronary Angioplasty with Bypass Surgery. The Lancet 
1995;346:1184-89.

3. Puel J, Karouny E, Marco F, Assoun B, Galinier M, Elbaz M, Alibelli M-J, 
Bounhoure J-P. Angioplasty versus surgery in multi-vessel disease: Immediate 
results and in-hospital outcome in a randomized prospective study. Circulation 

1992;86(Supplement l):i-372.

4. Hamm CW, Reimers J, Ischinger T, Rupprecht HJ, Berger J, Bleifeld W, (GABI) 
For the German Angioplasty Bypass Surgery Investigators. A randomized study 

of coronary angioplasty compared with bypass surgery in patients with 

symptomatic multi-vessel coronary disease. New England Journal of Medicine 

1994;331 (16):1037-43.

5. CABRI Trial Participants. First-year results of CABRI (Coronary angioplasty vs 

bypass revascularization investigation). Lancet 1995;346:1179-84.

6. RITA Investigators. Coronary angioplasty versus coronary artery bypass 
surgery:The randomized intervention treatment of Angina (RITA) trial. Lancet 
1993,341 (8845):573-80.

7. Goy JJ, Eeckhout E, Bumand B, Vogt P, Stauffer JC. Coronary angioplasty 

versus left internal mammary artery grafting for. Lancet 1994;343(8911):1449-

53.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8. Hueb WA, Bellotti G, de Oliveira SA, Arie S, de Albuquerque CP, Jatene. The 

Medicine, Angioplasty or Surgery Study. Journal of the American College of 
Cardiology 1995;26(7):1600-5.

9. King SB, 3rd, Lembo NJ, Weintraub WS, Kosinski AS, Barnhart HX, Kutner. 
Emory Angioplasty Versus Surgery Trial. American Journal of Cardiology 

1995;75(9):23.

10. BARI Investigators. Comparison of Coronary Bypass surgery with angioplasty in 

patients with multi-vessel disease. The New England Journal of Medicine 

1996;335(4):217-225.

11. Rodriguez A, Boullon F, Perez-Balino N, Paviotti C, Liprandi Ml, Palacios IF. 
Argentine randomized trial of percutaneous transluminal Coronary angioplasty 

versus coronary artery bypass surgery in multi-vessel disease (ERACI): In- 
hospital results and 1-year follow-up. Journal of the American College of 
Cardiology 1993;22(4):1060-7.

12. Rodriguez A, Mele E, Peyregne E, Bullon F, Perez-Balino N, Liprandi Ml. Three- 
year follow-up of the Argentine Randomized Trial of Percutaneous Transluminal 
Coronary Angioplasty versus Coronary Artery Bypass Surgery in Multi-vessel 
Disease (ERACI). Journal of the American College of Cardiology 

1996;27(5):1178-84.

13. Wahrborg P. Quality of life after coronary angioplasty or bypass surgery. 1-year 
follow-up in the coronary angioplasty versus bypass revascularization 

investigation (CABRI) trial. European Heart Journal 1999 May;20(9):635-6.

14. Hlatky M, Rogers W, Johnstone I, D. B, Brooks M, Pitt B, Reeder G, Ryan T, 
Smith H, Whitlow P, Wiens R, DB. M. Medical care costs and quality of life after 
randomization to coronary angioplasty or coronary bypass surgery. Bypass 

Angioplasty Revascularization Investigation (BARI) Investigators. New England 

Journal of Medicine 1997 Jan 9;336(2):92-9.

42

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15. Pocock S. Henderson R, Seed P. Treasure T, Hampton J, participants ftRt. 
Quality of Life, employment status, and anginal symptoms after coronary 

angioplasty or bypass surgery. 3 year follow-up in the randomized intervention 

treatment of angina (RITA) trial. Circulation 1996,'94(2): 135-42.

16. Lukkarinen H. Quality of life in coronary artery disease. Nursing Research 

1998;47(6):337-43.

17. McDowell I, Newell C. Measuring health. A guide to rating scales and 

questionnaires. Second Edition ed. New York: Oxford University Press, 1996.

18. Spertus JA, Winder JA Dewhurst TA, Deyo RA, Prodzinski J, McDonell M. 
Development and evaluation of the Seattle Angina Questionnaire: A new 

Functional Status Measure for Coronary Artery Disease. Journal of the 

American College of Cardiology 1995;25(2):333-41.

19. Spertus JA, Winder JA, Dewhurst TA Deyo RA, Fihn SD. Monitoring the quality 

of life in patients with coronary artery disease. American Journal of Cardiology 
1994;74(12):1240-4.

20. Burkhoff dS, S. Schulman.SP. Myers, J. Resar, J. Becker, LC. Weiss, J. Jones, 
JW. Transmyocardial laser revascularization compared with continued medical 
therapy for treatment of refractory angina pectoris: a prospective randomised 

trial. ATLANTIC Investigators. Angina Treatments-Laser and Normal Therapies 

in Comparison. Lancet 1999;354(9182):885-90

21. MacDonald P, Stadnyk K, Cossett J, Klassen G, Johnstone D, Rockwood K. 
Outcomes of coronary artery bypass surgery elderly people. Canadian Journal 
of Cardiology 1998;14(10):1215-1222.

22. Weintraub WC, SD.Kosinski,A Becker, ER. Mahoney,E. Burnette,J. Spertus, JA  

Feeny.D. Cohen, DJ. KrumhoIz.H. Ellis SG. Demopoulos.L. Robertson, D. 
Boccuzzi, SJ. Barr, E. Cannon, CP. Economics, health-related quality of life,

43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



and cost-effectiveness mothods for the TACTICS (treat angina with 

aggrastatrho [tirofiban] and determine cost of therapy with invasive or 
conservative strategy)-TIMI 18 trial. American Journal of Cardiology 

1999;83(3):317-322.

23. Dougherty CD, T. Nichol, WP. Spertus,J. Comparison of three quality of life 

instruments in stable angina pectoris: Seattle Angina Questionnaire, Short Form 

Health Survey (SF-36), and Quality of Life Index-Cardiac Version III. Journal of 
Clinical Epidemiology 1998;51(7):569-575.

24. Tu JV, Pashos CL, Naylor CD, Chen E, Normand SL, Newhouse JP, McNeil. 
Use of cardiac procedures and outcomes in elderly patients with myocardial. 
New England Journal of Medicine 1997;336(21):1500-5.

25. Mark DB, Lam LC, Lee KL, Jones RH, Pryor DB, Stack RS, Williams RB. Effects 

of coronary angioplasty,coronary bypass surgery, and medical therapy on 

employment in patient with coronary artery disease. A prospective comparison 

study. Annals of Internal Medicine 1994;120(2):111-7.

26. Norris C, Ghali WA, Saunders D, Brant R, Galbraith D. Comprehensive 

literature Review of Statistical Methods Used to Analyze Seattle Angina 

Questionnaire Scores. . Poster session presented at the annual meeting of the 

International Society for Quality of Life,. Vancouver, British Columbia: Kluwer 
Academic Publishers, 2000;309.

27. Altman DG. Practical Statistics for Medical Research. London: Chapman & Hall, 
1991.

28. Frazier OM, RJ. Horvath, KA. Transmyocardial revascularization with carbon 

dioxide laser in patients with end-stage coronary artery disease. New England 

Journal of Medicine 1999;341(14):1021-1028.

44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29. Simes PG, S. Myreng, Y. Molstad, P. Albertsson. P. Mangschau, A. endresen, 
K. Kjekshus, J. Sustained benefit of stenting Chronic Coronary Occlusion: Long­
term clinical follow-up of the Stenting in Chronic Coronary Occlusion (SICCO). 
Journal of the American College of Cardiology 1998;32(2):305-310.

30. Fruitman D, MacDougall C, Ross 0. Cardiac surgery in octogenarians: Can 

elderly patients benefit? Quality of life after cardiac surgery. Annals of Thoracic 

Surgery 1999;68(6):2129-2135.

31. Jeremias A, Kutscher S, Haude M, Heinen D, Hoitman G, Senf W, Erbel R. 
Nonischemic chest pain induced by coronary interventions - A prospective study 

comparing coronary angioplasty and stent implantation. Circulation 

1998;98(24):2656-2658.

32. Kimble LK, CL. Knowledge and use of sublingual nitroglycerine and cardiac- 
related quality of life in patients in chronic stable angina. Journal of Pain and 

Symptom Management 2000;19(2): 109-117.

33. Blum A, Porat R, Rosenschein U, Keren G, Roth A, Laniado S, Miller H. Clinical 
and inflammatory effects of dietary L-Arginine in patients withintratable angina 

pectoris. American Journal of Cardiology 1999;83(10):1488,89.

34. Weaver M, Patrick D, Markson L, Martin D, Frederic I, Berger M. Issues in the 

measurement of satisfaction with treatment American Journal of Managed Care 

1997;3(4):579-594.

35. Krumholz H, Brass L, every N, Spertus J, Bazarre T, Cohen D, Hlatky M, 
Peterson E, Radford M, Weintraub W, Cannon C, Ellerback E, McNeil B, 
Peterson E, Radford M, Ryan T, Smith S, Baker D, Ashton C, Dunbar S, 
Friesinger G, Havranek E, Hlatky M, Konstam M, Ordin D, Pina I, Pitt B, DeLong 

E, Eagle K, Normand S, Mark D, McAllister B, Thomas J, Weintraub W, Brass L, 
Duncan P, Goldstein L, Gorelick P, Hinchey J, Matchar D, Nilasena D, D. W, 
Williams L, Wolf P. Measuring and improving quality of care-A report from the

45

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



American Heart Association/American College of Cardiology First Scientific 

Forum on Assessment of Healthcare Quality in cardiovascular disease and 

stroke. Circulation 2000;101(12):1483-1493.

36. Henderson WD, J. Fihn, SD. Weinberger, M. Oddone, E. Deykin, D. 
Cooperative studies in health services research in the department of veterans 

affairs. Controlled Clinical Trials 1998; 19(2):134-148.

37. Bliven EG, CP. Spertus, JA. Review of available instruments and methods for 
assessing quality of life in anti-anginal trials. Drugs & Aging 1998;13(4):311-320.

38. Alonso JP, G. Cascant, P. Brotons, C. Prieto,L. SolerSoler, J. Measuring 

functional status of chronic coronary patients - Reliability, validity and 

responsiveness to clinical change of the reduced version of the Duke activity 

status index (DASI). European Heart Journal 1997;18(3):414-419.

39. Weintraub W. Evaluating the cost of therapy for restenosis: Consideration for 
bradytherapy. International Journal of Radiation Oncology Biology Physics. 
1996;36(4):949-958.

40. Lukkarinen H, Hentinen M. Assessment of quality of life with the Nottingham 

Health Profile among patients with coronary heart disease. Journal of Advanced 

Nursing 1997;26(1):73-84.

41. de Leon CK, HM. Vaccarino, V. Williams, CS. Glass, TA. Berkman, LF. Kas, SV. 
A population-based perspective of changes in health related quality of life after 
myocardial infarction in older men and women. Journal of Clinical Epidemiology 

1998;51 (7):609-616.

42. Popock SH, RA, Clayton, T.Lyman, GH. Chamberlain, DA. Quality of life after 
coronary angioplasty or continued medical treatment for angina: Three-year 
follow-up in the RITA-2 trial. Journal of the American College of Cardiology 

2000;35(4):907-914.

46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43. Steffens DOC, CM. Jiang, WJ, Pieper, CF. Kuchibhatla, MN. Arias, RM. Look, 
A. Davenport, C. Gonzalez MB. Krishnan, KRR. The effect of major depression 

on functional status in patients with coronary artery disease. Journal of the 

American Geriatrics Society 1999;47(3):319-322.

44. Chin MG, L. gender differences in 1-year survival and quality of life among 

patients admitted with congestive heart failure. Medical Care 1998;36(7):1033- 
1046.

45. Alonso JB, C. Norregaard, JC. Dunn, E. Anderson, Tf. Espallargues, M. Bemth- 
Peterson, P. Anderson, GF. Cross-cultural differences in the reporting of global 
functional capacity an example in cataract surgery. Medical Care 

1998;36(6):868-878.

46. Krumholtz HM, CA. Clark, L. Levesque, M. Bairn, DS. goldman, L  Changes in 

health after elective percutaneous coronary revascularization -A comparison if 
generic and specific measures. Medical Care 1996;34(8):754-759.

47. Ades PC, CE. Effects of exercise and cardiac rehabilitation on cardiovascular 
outcomes. Medical Clinics of North america 2000;84(1):251+.

48. Gandjour AL, KW. review of quality-of life evaluations in patients with angina 

pectoris. Pharmacoeconomics 1999;16(2):141-152.

49. Lemer D, Amick, BC. Malpeis, S. Rogers, WH. Gomes, DRJ, Salem, DN. The 

angina-related limitations at work questionnaire. Quality of Life Research 

1998;7(1):23-32.

50. de Vos R. Quality of life after cardiopulmonary resuscitation. Resuscitation 

1997;35(3):231-236.

51. Anderson GF, E. Perski, A. Patient-perceived quality of life after coronary 

bypass surgery - Experienced problems and reactions to supportive care one

47

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



year after the operation. Scandanavian Journal of Caring Sciences 

1999;13(1):11-17.

52. Beniamini Y, Rubenstein J, Zaichkowsky L, Crim M. Effects of high-intensity 

strength training on quality-of-life parameters in cardiac rehabilitation patients. 
American Journal of Cardiology 1997;80(7):841-846.

53. Tu S, McDonell M, Spertus J, BG. S, Fihn S. A new self-administered 

questionnaire to monitor health-related quality of life in patients with COPO. 
Chest 1997;112(3):614-622.

54. Bamason SZ, L. Anderson, A. Mohr-Burt, S. Nieveen J. Functional status 

outcomes of patients with a coronary artery bypass graft over time. 2000 

2000;29(1 ):33-46.

55. Coyne KA, JK. Assessment of functional status in patients with cardiac disease. 
Heart & Lung 1998;27(4):263-273.

56. Ellis SM, D. Keys, TF. Brown. K.EIIert R. Howell. G. Lincoff, AM. Topol, EJ.
Comparing physician-specific two-year patient outcomes after coronary
angiography. Journal of the American College of Cardiology 1999;33(5):1278- 
1285.

57. Lalonde LC, AE. Joseph, L. Mackenzie, T. Grover, SA. Comparing the
psychometric properties of preference-based and nonpreference-based health- 
related quality of life in coronary heart disease. Quality of Life Research 

1999;8(5):399-409.

58. Hannan, E.L, Racz, MJ, Jollis.JG, Peterson, E. Using Medicare claims data to 

assess provider quality for CABG surgery: does it work well enough?. Health 

Services Research, 1997: 31(6):659-78.

48

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59. Greenland, S, Finkle, WD. A critical look at methods for handling missing 

covariates in epidemiologic regression analyses. Am J of Epidemiol, 1995; 
142(12): 1255-64.

60. Smith, DW, Pine.M, Bailey,RC,Jones,B, Brewster, A  Krakauer, H. Using clinical 
variables to estimate the risk of clinical mortality. Medical Care, 1991:
29(11):1108-29.

61. Jadad AR, Moore RA, Carroll 0, Jenkinson C. Reynolds DJ, Gavaghan DJ, 
McQuay HJ. Assessing the quality of reports of randomized clinical trials: is 

blinding necessary? Control Clin Trials 1996 Feb; 17(1): 1-12

62. Hadom DC, Sorensen J, Holte J. Large-scale health outcomes evaluation: How
should quality of life be measured? Part II Questionnaire validation in a cohort of 
patients with advanced cancer. J Clin Epidemiol. 1995 May;48(5): 619-29.

49

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER3

DEALING WITH MISSING DATA IN OBSERVATIONAL HEALTH CARE
OUTCOME ANALYSES.

3.0 Introduction

Observational outcome studies appear frequently in the clinical and health sen/ices 

research literature. The objectives of these studies typically are hypothesis generation about 

optimum management of illness, or analyses of the quality of medical care. As lezzoni notes, 

meaningful assessments of patients' outcomes in observational studies require two basic 

procedures [1]: a reliable and accurate measure of the outcome itself; and a method of 

adjusting for factors affecting that outcome, other than the variable(s) of primary interest For 

example, where mortality is the outcome under scrutiny, multivariable models are constructed 

to determine which variables predict individual patients’ probabilities of dying, and the 

expected mortality rates for two or more groups of patients.

Much of the published outcomes research in health care relies on administrative 

databases with limited clinical information about patients. Multivariable risk adjustment based 

on administrative data is therefore constrained from the outset by the lack of details on 

important prognostic factors. Clinical databases are better able to explain inter-provider 

differences in outcomes than are administrative databases. As Hannan et ai. [2] have 

demonstrated, the advantage of clinical databases comes from the ability to select and 

capture prospectively those clinical variables that are important prognosticate and have no 

comparable diagnostic code in administrative data. However, when more detailed databases 

are developed, costs rise as do the chances that some data for some patients will not be
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collected. Cases with missing values for any one of the variables entered into a model 

unfortunately cannot be used in multivariable analysis, unless imputation is used.

Common methods for handling missing covariate values include stratification on 

missing-data status, conditional-mean imputation, and complete subject analysis in logistic 

regression. These methods can be biased under reasonable circumstances and are often 

unsatisfactory [3]. More sophisticated methods include multiple-imputation methods, 

maximum likelihood or pseudo maximum-likelihood methods, and weighted estimating 

equation methods [3]. However, the validity of all methods for handling missing data 

depends on meeting certain assumptions [3], the most stringent being the assumption that 

the data as a whole are “missing completely at random’ (i.e., whether or not a given variable 

is missing is entirely independent of the values of other variables, and also independent of 

whether other variables are missing). A less stringent assumption is that the data are 

“missing at random” (i.e.. whether or not a given variable is missing is entirely independent of 

the values of any other unobserved variables, although it can depend on the values of 

observed variables). In their review of methods for handling missing covariates in 

epidemiology, Greenland and Finkle argue that if the ‘missing-at-random* assumption fails, 

none of the above-mentioned missing data methods can be applied [3],

We recently faced the problems of non-random patterns of missing data in a new 

clinical registry and therefore decided to test three strategies for dealing with missing data. 

The first method tested was to exclude cases with missing data therefore modeling only 

those cases with complete covariate data. The second method tested was to impute the 

lowest level of severity for a given missing variable. The third method used an alternative 

data source and 'filled in the blanks'. Smith et al. [4] recently demonstrated that significantly 

more accurate estimates of probabilities of death are possible with administrative data when 

limited clinical information from clinical databases is merged with the administrative data.
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The converse (using administrative data to fill in gaps in clinical registry data) is also feasible. 

We report here on the findings and also reflect on the lessons that other health services 

research might draw from our experience.

3.1 Methods

3.1.1 APPROACH Project

The Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease 

(APPROACH Project) is a province-wide inception cohort of all adult Alberta residents 

undergoing cardiac catheterization for ischemic heart disease. The APPROACH project was 

initiated to study provincial outcomes of care and facilitate quality assurance/quality 

improvement for patients with coronary artery disease in Alberta. The APPROACH database 

contains detailed clinical information on adult patients with known or suspected coronary 

artery disease (CAD). Patients in APPROACH are followed longitudinally after cardiac 

catheterization, thus allowing for assessment of subsequent procedure use (i.e., 

percutaneous transluminal coronary angioplasty (PTCA) or coronary artery bypass graft 

surgery (CABG)), as well as outcomes such as mortality and quality of life. New patient data 

continues to be added to the APPROACH database.

3.1.2 Clinical Variables

Clinical data were obtained for 6276 adults (age > 1 8  years), undergoing cardiac 

catheterization at one of the four hospitals performing this procedure. Data elements include 

patients' age, sex, and presence of the following risk factors: cerebrovascular disease 

(CEVD), congestive heart failure (CHF), chronic pulmonary disease (COPD), renal disease, 

type I diabetes, type II diabetes, dialysis, hyperlipidemia, hypertension, liver/gastrointestinal 

disease, malignancy, prior coronary artery bypass graft surgery, prior angioplasty, coronary 

anatomy as defined by the Duke Index [5], clinical indication for catheterization, left
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ventricular ejection fraction, prior lytic therapy, prior myocardial infarction and peripheral 

vascular disease.

3.1.3 Missing data

The APPROACH data collection process began in January of 1995. Among 6276 

patients tracked in 1995, only 4629 had complete data for a logistic regression analysis 

predicting one-year mortality. These data were missing in a non-random manner (Table 3-1), 

with a higher frequency of missing data in one of the four hospitals studied (hospital D in 

Table 3-1) and more missing data earlier in 1995 relative to later in the year. As well, certain 

values within each facility were missing more often than others, often in non-random 

“clusters” of variables (e.g., the variables prior myocardial infarction and prior thrombolytic 

therapy were often simultaneously missing). Consequently, our data were certainly not 

“missing completely at random”, and were possibly also not “missing at random”, both key 

assumptions for imputation analyses. Alternative methods for replacing the missing values 

were required.

3.1.4 Administrative Data Source

We obtained administrative data coded according to the International Classification of 

Disease, Ninth Revision, Clinical Modification (ICD-9-CM) [6] for all four participating 

hospitals. Hospitals are required to submit discharge abstracts to the provincial Ministry of 

Health and the Canadian Institute for Health Information for each acute care separation 

(discharge, transfer, or death) and for major outpatient procedures. Data elements acquired 

from this source included the patients’ unique provincial personal health care number, the 

hospital chart number, sex, birth date, admission category, admission date, procedure date, 

discharge date, up to 16 ICD-9-CM diagnostic codes and up to 10 ICD-9-CM procedure 

codes.
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Unlike many administrative databases that do not allow for distinction between pre­

existing conditions and complications arising post-admission, Canadian hospital discharge 

data contain a ‘diagnosis-type indicator' that permits this distinction. However, this diagnosis- 

type indicator was not used in our analyses, because an important use of the prospectiveiy 

collected APPROACH data is to predict long-term outcomes such as one-year mortality 

based on clinical factors present around the time of catheterization. Our decision to extract 

information from all diagnoses regardless of type in the administrative data was thus 

intentional, as it mimics the capture in APPROACH data of both pre-existing conditions and 

conditions diagnosed post-admission.

3 .1.5 Data Merging

The first step was to develop ICD-9-CM definitions for the clinical variables identified 

in the APPROACH database. To do this, we used the ICD-9-CM co-morbidity coding scheme 

derived by Deyo et ai. [7], a validated translation of the original Charison index [8]. Variables 

in the APPROACH data that could not be matched to the Deyo coding algorithms (e.g. 

hyperlipidemia or prior bypass surgery) were matched with ICD-9-CM codes by two 

individuals (CMN, WAG) who independently reviewed the ICD-9-CM coding manual [6] to 

select representative codes for each of the clinical variables. A final ICD-9-CM coding 

algorithm was developed by consensus between these two individuals (Table 3-2).

The merging of records by hospital ID and provincial personal health numbers 

matched a total of 6065 APPROACH patients’ clinical data with ICD-9-CM administrative 

discharge data. A total of 211 records from the APPROACH data (3.4%) did not have 

matches in the administrative data. A comparison of matched and unmatched cases revealed 

no statistically significant differences in clinical characteristics, aside from a higher 

prevalence of prior lytic therapy in the unmatched cases.
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3.1.6 Logistic Regression Models

We then constructed 3 logistic regression models for predicting death within 1 year of 

the index procedure. These models each used one of the following databases: 1) the dataset 

of 4629 cases from APPROACH with complete clinical data (APPROACH 4600). 2) a dataset 

(n=6065) of APPROACH variables in which missing predictor variables were assumed to be 

at the reference level of risk and coded as ‘O' (APPROACH 6000), and 3) a combined dataset 

(n=6065) that included clinical variables collected at catheterization enhanced by the 

administrative database (enhanced data). In this final “enhanced* database, variables were 

coded as T  if either the administrative or clinical data sources indicated a variable to be 

present; if absent in both data sources, the final variables in the ‘enhanced* data base were 

coded as 'O'.

For this study, ail potential predictor variables were modeled, because our objective 

was to determine which database provides the most clinical information to predict mortality at 

one year. The final models included two variables, ejection fraction and coronary anatomy, 

for which we were unable to obtain any information from administrative data, and therefore 

were unable to fill missing data fields. For these two variables (and only these two variables), 

we modeled dummy variables for missing values. We caution readers that while this 

approach to modeling clinical variables has been used in published work using prospective 

cardiovascular data registries [9,10], such analyses can yield, for the variables handled in this 

manner, distorted parameter estimates that are difficult to interpret [11]. This distortion is 

particularly concerning if a study has as its focus the evaluation of parameter estimates and 

odds ratios for specific variables modeled in this manner, whereas there is perhaps less 

concern when the parameter estimates simply become part of a model that is used primarily 

for prediction.
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3.1.7 Parameters Used for Model Comparison

The models' discrimination and goodness-of-fit were assessed using the c statistics 

and the Hosmer-Lemeshow (H-L test), respectively. The c statistic corresponds to the area 

under the receiver operating characteristic (ROC) curve and is a measure of model 

discrimination [1], If all predicted probabilities of mortality for cases that die are higher than 

the predictions for mortality of those who live, the c statistic takes on a maximum value of 1.0. 

A model with no ability to discriminate has a c statistic of 0.5. H-L tests were used to assess 

the models' goodness of fit The H-L test computes a summary measure of the discordance 

between the expected and the observed number of deaths for cases in deciles of increasing 

predicted risk [1]. Models with significant H-L chi square values (i.e. p<0.05) are rejected for 

poor fit We chose to use this test because of its widespread use in the literature, but draw 

readers’ attention to published studies raising concern regarding the Hosmer-Lemeshow 

tests stability and power [12]. We also used the decile framework of the H-L analysis to 

calculate, for each model, the mean absolute value of observed minus expected mortality 

across deciles (an analysis that is not sensitive to sample size). As well, gradients of risks 

were calculated from the H-L decile-of-risk tables. Gradients of risk were calculated by 

dividing the expected number of deaths in the 10th (high-risk) decile by the expected number 

of deaths in the 1** (low risk) decile. This gradient indicates how well the model spreads out 

the expected risk of death. Finally, minus 2-log likelihood (-2LL), or residuals, in each model 

were compared against the null model. Large values indicate large decreases in deviance 

attributable to the model [13].

We performed a simple bootstrapping procedure with 80 replications, so that 

approximate 95% confidence intervals for c statistics, H-L gradients of risk, and changes in -  

2LL could be identified by dropping the two lowest and two highest observations [1]. The third 

lowest and highest c statistic, H-L gradient of risk, and -2LL values define lower and upper
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bounds for approximate 95% confidence intervals. (It should be noted that the c statistic, 

gradient of risk, and -2LL values generated by the simple bootstrapping procedure used here 

tend to be overestimates of models’ true performance on cross validation testing, because we 

did not account for ‘‘optimism'' in our bootstrapping method [14].) All statistical analyses were 

performed using SPSS, version 8.0.

3.2 Results

A total of 6065 patients (71.5% male) with a mean age 62.1 years (Standard 

Deviations 1.3 years) were used for these analyses. Table 3-3 indicates the prevalence of 

the predictor variables in each of the three datasets examined in our analysis. With the 

exception of prior PTCA, CABG, and lytic therapy, the enhanced database demonstrates a 

consistently higher prevalence for each of the predictor variables. This suggests that 

assuming a negative or ’0’ code when data are missing or unknown underestimates the true 

prevalence of risk factors. On the other hand, dropping the cases with missing data may 

over-estimate the prevalence of certain risk factors.

Table 3-4 lists the areas under the ROC curves (c-siatistics) for each of the three 

predictive models. The use of the APPROACH 6000 data, with its imputations of absent (i.e., 

«zero») values for missing data, resulted in the least accurate mortality prediction (c-statistic 

= 0.755). The model using enhanced data (c =0.770) had the best discrimination, and also 

the largest gradient of risk across deciles (46.25 vs. 45.03 for the «APPROACH 4600' data, 

and 42.16 for‘APPROACH 6000’ data).

The model using enhanced data also demonstrated the best model calibration in the 

H-L decile of risk analysis where we found the lowest mean absolute mortality difference 

across deciles in the model using enhanced data. The corresponding H-L p-value indicates 

that the actual and the predicted death rates within each of the ten deciles were not 

significantly different (P=0.59). Finally, the model using enhanced data resulted in the largest
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decrease in deviance from the null model (change in -2LL = 406.17 vs. 305.12 for 

‘APPROACH 6000’, and only 242.16 for‘APPROACH 4600’).

Table 3-5 presents the logistic regression model derived using enhanced data. Odds 

ratios and the associated 95% confidence intervals are presented for each predictor variable. 

The odds ratios for mortality at one year for each of the modeled variables are generally 

«clinically» credible. Two possible exceptions are the protective odds ratio for hyperlipidemia 

and malignancy (see Discussion).

Table 3-6 presents the H-L decile of risk table for the model derived using enhanced 

data. This table is included to display the goodness-of-fit of our best model. The non­

significant H-L statistic (p=0.59), indicates that there is no significant difference between the 

observed and expected (estimated probability) deaths over the 10 deciles. A comparison of 

the observed and expected frequencies over each of the 20 cells in the 10 deciles shows that 

the model fits within each decile of risk. The table also demonstrates the large gradient of risk 

across deciles.

3.3 Discussion

Prospective clinical databases like APPROACH are potentially valuable tools for 

studying outcomes of health care. However, missing data present major challenges to 

researchers wishing to develop risk adjustment algorithms to take advantage of clinical 

databases. As noted earlier, the standard methodologies for handling missing data 

presuppose that the data are at least "missing at random’— an assumption that is frequently 

violated in clinical and health care research. In the APPROACH database, we faced a clearly 

non-random pattern of missing data, and were left with the choice of 1) not using the data, 2) 

assuming that missing data meant the patients did not have the risk factor in question, or 3) 

developing a method for replacing missing data by drawing on administrative data for the 

same patients.
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As shown in table 3-4, a predictive model based on enhanced data performed better 

than the alternatives based on excluding cases with any missing values or imputing baseline 

(zero) values for missing variables. We acknowledge, however, that the model parameters 

presented in Table 3-4 are only marginally better for the enhanced data than for the other two 

data sources. It could be argued that such small improvements in discrimination, goodness- 

of-fit. and gradient of risk are hardly worth the effort and expense of data merging. We 

would nonetheless propose that the data merging is worthwhile for the following reasons: 1) 

All measures of model performance improved, indicating that several aspects of model 

prediction were individually improved by the data merging methodology. 2) While the 

APPROACH 4600 data yielded a model with reasonably favorable properties (generally the 

second best across the three data sources), we had to exclude more than 1400 cases from 

that analysis -  an exclusion that has the potential to introduce bias, considering the non- 

random nature of missing data. 3) In our case, the data merging process was not excessively 

effortful or expensive, and alternate methods of imputation would have been problematic for 

reasons discussed earlier.

The model generated with the enhanced data has clinical face validity (i.e. most of 

the odds ratios in table 3-5 are clinically credible). Two possible exceptions are the protective 

odds ratios for hyperlipidemia and malignancy. For hyperlipidemia, it is possible that the 

APPROACH database captures only identified hyperlipidemia, which is likely to be treated. 

The reference group without coded hyperlipidemia in APPROACH may, on the other hand, 

include patients who actually have untreated hyperlipidemia. Another consideration is that 

some secondary diagnoses (usually chronic asymptomatic conditions) tend to be under 

coded in the administrative data records of patients who experience adverse outcomes [15]; 

this may have contributed to the protective odds ratio for hyperlipidemia. As for malignancy, 

we first draw attention to the wide confidence intervals of its odds ratio (0.4 -  1.6).
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Furthermore, it is possible that only healthier patients with less advanced malignancies are 

undergoing cardiac catheterization, a patient subset for whom we expect low 1 year mortality.

We did lose 211 APPROACH patients because of failed linkage to administrative 

data, but this loss was far smaller and had far less impact on generalizability of the findings 

than the exclusion of more than 1500 patients, as would have been the case had we only 

analyzed patients with complete data sets. Reassuringly, the unmatched cases had generally 

similar characteristics to matched cases.

3.4 Conclusions

lezzoni [16] has stated that although the clinical content of administrative data may be 

criticized, administrative data are readily available, computer readable, encompass large 

populations, and are useful for supporting research on outcomes of care, in this instance, we 

have demonstrated benefit from the combined use of clinical and administrative data in an 

ongoing prospective data collection initiative. Our positive experience with administrative data 

cannot automatically be generalized to other databases, and we caution that this solution 

should be tested empirically against strategies that are more conventional. Researchers 

should, for example, be aware that administrative data may be problematic in analyses 

predicting short-term outcomes such as in-hospital mortality, because it is often not possible 

to distinguish pre-existing conditions from complications arising after admission. This was 

not a problem in our analyses, because we wanted to capture all clinical risk factors present 

around the time of cardiac catheterization as predictors of a long-term outcome -  one year 

mortality. (Canadian administrative data actually contain a diagnosis-type indicator that 

allows us to distinguish between co morbidities and complications; we did not use this 

because of our objective of capturing all clinical risk factors present around the time of 

catheterization.) As well, researchers should also be aware that incorrect coding of diagnoses 

in the administrative database may result in the enhanced database yielding false positive
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results. Familiarity with the coding methodology of the institution whose administrative

database is used may reduce the risk of this occurring.

Of interest a model run on the administrativedata alone resulted in a c statistic of 0.721, 

significantly lower than the c statistics for the clinical data models. This was not surprising as 

important predictors in the model using the enhanced data were left ventricular ejection fraction, 

and the coronary anatomy index; such variables are generally not collected in administrative 

databases. We emphasize, therefore, that the ultimate objective of prospective clinical registries 

such as APPROACH remains the collection of complete data on all cases. However, given the 

cost of clinical databases, and the usual problems of incomplete data capture in the start-up 

phases of any clinical registry, our experience may be valuable to other researchers.
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Table 3-1 Frequencies of missing data (overall and by hospital) for each of the clinical variables 
collectedin APPROACH.

Independent Variable Percent Missing Percent Missing by Hospital
Overall A B C D

Cerebrovascular Disease 5.8% 2.8% 1.7% 8.8% 9.8%
Congestive Heart Failure 5.2% 0.5% 1.1% 8.9% 10.1%
Pulmonary Disease 10.7% 6.1% 5.1% 17.2% 14.9%
Renal disease 15.2% 8.8% 4.5% 11.6% 34.5%
Diabetes Type I 5.8% 2.8% 1.7% 8.8% 9.8%
Diabetes Type II 5.8% 2.8% 1.7% 8.8% 9.8%
Dialysis 15.2% 8.8% 4.5% 11.6% 34.5%
Hyperiipidemia 5.8% 2.8% 1.7% 8.8% 9.8%
Hypertension 5.8% 2.8% 1.7% 8.8% 9.2%
Prior CABG 10.7% 6.1% 5.1% 17.2% 14.9%
Prior PTCA 10.7% 6.1% 5.1% 17.2% 14.9%
Prior Infarction 5.8% 2.8% 1.7% 8.8% 9.8%
Liver/Gastrointestinal Disease 14.5% 10.6% 9.3% 20.4% 18.1%
Malignancy 10.7% 6.1% 5.1% 17.2% 14.9%
Peripheral Vascular Disease 5.8% 2.8% 1.7% 8.8% 9.8%
Prior Lytic Therapy 10.7% 6.1% 5.1% 17.2% 14.9%
Left Ventricular Ejection Fraction 18.5% 19.1% 7.6% 20.1% 28.0%
Coronary Anatomy 9.2% 4.0% 2.8% 2.7% 25.5%
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Table 3-2 Coding scheme used to define variables in the administrative database
VARIABLES ICD-9-CM CODE

CEREBROVASCULAR DISEASE* 430-438
CONGESTIVE HEART FAILURE* 428
PULMONARY* 490-496, 500-505, 5064
RENAL DISEASE 584, 582, 583.0 - 583.7, 585, 586, 588
DIABETES TYPE 1 250.0-250.9 with 5th digits 1 & 3
DIABETES TYPE II 250.0-250.9 with 5m digits 0 & 2

DIALYSIS V42.0.V45.1 .V56.0.V56.1 .V56.8 OR procedure 39.27,39.42, 39.9
HYPERLIPIDEMIA 272.0-272.4
HYPERTENSION 401-405
PRIOR CABG V45.81
PRIOR PTCA V45.82
PRIOR INFARCTION* 412
PRIOR THROMBOLYTIC THERAPY E934.4
LIVER/GASTROINTESTINAL DISEASE* 456.0 - 456.21, 572.2 - 572.8,571.2.571.4 -  571.49,571.5.571.

531-534
MALIGNANCY/METASTATIC DISEASE* 140-172, 174 - 208
PERIPHERAL VASCULAR DISEASE* 441,443.9, 785.4, V43.4
CLINICAL INDICATIONS FOR
CATHETERIZATION 410

MYOCARDIAL INFARCTION 411.1,411.81, 411.89, 413.0
UNSTABLE ANGINA 413.1,413.9
STABLE ANGINA NONE OF THE ABOVE CODES FOR INDICATION PRES
OTHER

* Used codes as defined by Deyo et al. [7],
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Table 3-3. Frequencies of clinical characteristics in each of the three databases

Indeoendent variable APPROACH 4600 APPROACH 6000 ENHANCED
DATA
Cerebrovascular Disease 3.8% 3.6% 4.7%
Congestive Heart Failure 8.0% 8.6% 13.9%

Pulmonary Disease 4.3% 4.5% 8.1%
Renal disease 1.6% 1.4% 2.1%
Diabetes Type 1 1.4% 1.6% 2.5%
Diabetes Type II 4.9% 13.9% 15.1%
Dialysis 0.9% 0.7% 0.8%
Hyperlipidemia 35.7% 32.9% 37.4%
Hypertension 46.8% 43.9% 50.3%
Prior CABG 8.3% 7.5% 7.9%
Prior PTCA 14.8% 12.4% 13.1%
Prior Infarction 41.1% 37.6% 53.4%
Liver/Gastrointestinal Disease 1.8% 1.6% 2.9%
Malignancy 2.0% 2.2% 2.7%
Peripheral Vascular Disease 5.5% 5.5% 5.9%

Prior Thrombolytic Therapy 11.7% 10.5% 10.5%
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Table 3-4. Parameters of model performance

Dataset c-statistic Hosmer-Lemeshow decile of risk Change in

analysis* deviance (U) from null model

Mean absolute Gradient of risk 

difference (%)b

APPROACH 4600 (n=4629) 0.766 1.01% 45.0 242.2

(0.724-0.823) (34.46-138.65) (215.86-364.16)

APPROACH 6000 (n=6065) 0.755 2.06% 42.2 350.1

(0.732 -  0.803) (31.98 -  83.84) (324.94 -  474.22)

ENHANCED DATA (n=6065) 0.770* 0.33%* 46.3* 406.2*

(0.758-0.807) (32.34 -  92.00) (344.10 -  535.06)

•Indicates best model according to specific parameters.

* p values from the Hosmer-Lemeshow test were 0.39, 0.24, and 0.59 for the APPROACH 4600, APPROACH 6000, and 

enhanced data models, respectively. The models are all therefore not rejected, but we draw readers’ attention to 

published criticisms of the Hosmer-Lemeshow test [12].
b This column presents the mean absolute value of observed minus expected mortality (%) across deciles. Lower 

values indicate better fit.



Table 3-5. Multivariable model derived from enhanced data.

Odds 95% Confidence
VARIABLES_____________________________________________Ratio Interval
AG E for each 10 yr. 1.4 (1 2 - 1 6 )

CEREBROVASCULAR DISEASE 2.1 (1.4 - 3.3)

C O N G ES TIV E HEART FAILURE 2.7 (1 9 - 3.6)

PULM ONARY DISEASE 1.4 (0.9 - 2.0)

RENAL DISEASE 5.6 (3.4 - 9 1 )

D IABETES MELLITUS 1.2 (0.8 - 1.6)

DIALYSIS 1.3 (0.5 - 3.3)

HYPER U PIO EM IA 0.8 (0.6 - 1 0 )

HYPERTENSIO N 1.1 (0.8 - 1 4 )

LIVER/GASTROINTESTINAL DISEASE 1.0 (0.5 - 2.0)

MALIGNANCY 0.8 (0.4 - 1 6 )

PR IO R  CABG 1.2 (0.8 - 1 8 )

PRIO R MYOCARDIAL INFARCT 1.1 (0.8 - 1 6 )

EJECTION FRACTION

<30% :>50% 2.6 (1 6 - 4.4)

30-50% :>50% 1.6 (1 0 - 2.4)

V-gram not done:>50% 3.6 (1 9 - 6.9)

missing:>50% 2.1 (1 5 - 3.1)

CO RO NARY ANATOMY

1&2 vessel disease: normal 1.3 (0.6 - 2.9)

2  vessel disease PLAD%: normal 2.3 (0.8 - 6.5)

3 vessel disease: normal 3.2 <1.5 - 7.0)

3 vessel disease PLAD%: normal 3.4 (1 5 - 7.6)

LEFT MAIN: normal 4.9 (2.2 - 11.2)

Missing:normal 2.1 (0.8 - 5.6)

PRIO R PTCA 0.9 (0.6 - 1 4 )

PERIPHERAL VASCULAR DISEASE 1.5 (0.7 - 1 8 )

PRIO R THROMBOLYTIC THERAPY 1.4 (0.9 - 2.2)

SE X female: male 1.3 (1.0 - 1.8)

CLINICAL INDICATION

Myocardial infarct Stable angina 1.2 (0.8 - 1 8 )

Unstable angina: Stable angina 1.0 (0.7 - 1.4)

O ther Stable angina 1.4 (0.9 - 2.2)

Abbreviations: PLAD= Proximal Left Anterior Descending Artery; V-gram=ventriculogram, PTCA-percutaneous

transluminal coronary angioplasty; CABG=coronary artery bypass grafting.
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Table 3-6. Goodness-of-fit* across deciles of model-predicted risk

DECILE OBSERVED EXPECTED TOTAL

1 5 2.69 607
2 5 4.35 607
3 3 5.92 607
4 5 7.86 607
5 7 10.30 607
6 13 13.69 607
7 19 18.49 607
8 30 25.99 607
9 44 41.56 607
10 124 124.18 602

*  Hosmer-Lemeshow Chi-Square statistic = 6.53 (p-0.59); Gradient of risk - 
124.2/2.7 =46.3
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CHAPTER4

COMPREHENSIVE LITERATURE REVIEW OF STATISTICAL METHODS 

USED TO ANALYZE SEATTLE ANGINA QUESTIONNAIRE SCORES.

4.0 INTRODUCTION

Treatments provided to patients with coronary artery disease (CAD) are often 

performed with the objective of prolonging life by eliminating or slowing down the stenosis in 

the coronary arteries thereby increasing the blood flow to the heart For many patients with 

CAD, treatment options of coronary artery bypass grafting (CABG), percutaneous coronary 

intervention (PCI), and/or medical management are all clinically feasible options. The 

evidence comparing CABG and PCI shows little difference in survival between patients 

treated with these two treatment strategies[1]. Due to the lack of significant evidence 

regarding the supremacy of one treatment over another, it has been suggested that 

‘ ....treatment decisions should be based not only on survival differences, but also on 

symptom relief, quality of life outcomes and patient preferences” [2].

Spertus et al have developed a disease-specific functional status instrument 

measure, the Seattle Angina Questionnaire (SAQ) [3]. The SAQ was developed to measure 

the quality of life (QOL) outcomes of patients with CAD. The developers established the 

reliability and validity of the SAQ as a disease-specific QOL instrument The SAQ is a 19 

item self-administered questionnaire. Five dimensions of the functional status of patients 

with CAD are measured generating five independent scales: physical limitations, anginal 

stability, anginal frequency, disease perception and treatment satisfaction. Each of the 

questions is measured on an ordinal scale with 1 indicating the lowest/poorest response.
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The questions specific to each dimension are summed and then converted to a zero to 100 

range. As each scale measures a unique dimension, the five scales have been tested for 

validity, responsiveness, and reproducibility independently using different patient groups [3].

Based on the results of the validity, responsiveness, and reliability testing, the SAQ 

has been judged to be a valid, responsive, and reliable instrument Specifically, it has 

been demonstrated that the SAQ is sensitive to clinical changes in a patient’s coronary 

artery disease, and that it focuses on symptoms and impairments in health that are 

unique to coronary disease[3]. The Medical Outcomes Trust adopted the SAQ as a QOL 

measure for patients with CAD. The SAQ has been translated into 16 languages for use in 

Europe, Scandinavia, the Middle East, and North America [4], and is in widespread use 

worldwide (Spertus, Personal communication June 1999).

While analyzing SAQ data gathered from a population based cohort of Alberta 

patients who had undergone cardiac catheterization [5], we noticed that each of the five 

dimensional scores of the SAQ were non-normally distributed and had marked ceiling 

effects [6]. Interestingly, no mention is made in either of the SAQ scale developmental 

studies[3,8] of the typical distributions of the dimensional scale scores. Parametric tests 

were used in all of the analyses done to validate the SAQ. Mean values were reported 

without standard deviations therefore making it difficult to assess the distributional properties 

of the scales. Given the non-normal distributions for the SAQ dimensions for our cohort, the 

assumptions of parametric tests would have been violated if we used t-tests to compare 

mean group scores or general linear modeling to risk adjust the SAQ scores. Consequently, 

the use of appropriate analysis methods for the SAQ became an important issue. The 

purpose of this paper is to identify all published studies analyzing SAQ scores, and to 

compare and contrast the statistical methods used in studies that utilized the SAQ to 

compare QOL scores in patients with CAD.
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4.1 METHODS

4.1.1 Literature Search

The literature search of the articles that cited or used the SAQ scale as a QOL 

outcome measure, performed in May 2000, included all years from the development of the 

SAQ (1994) to present Electronic databases (Medline, Psychlit Embase, Cinahl, Health 

star, Pubmed, Ageline, Cochrane, Sociological abstracts, MD consult) were searched using 

"Seattle angina questionnaire" as a key word, text word or MESH heading as well as 

combinations of Seattle, angina, and questionnaire. Web of Science (Scientific Citation 

Index) was searched to identify any manuscripts that cited either one of the two 

developmental articles authored by JA Spertus and colleagues [3,8], Relevant manuscripts 

were identified as any studies that used the SAQ as a measurement tool for QOL outcome 

data.

4.1.2 Data Extraction

For each of the manuscripts, we recorded the type of study, purpose, how and 

when in the study the SAQ was completed. All relevant manuscripts were further reviewed 

to identify the method(s) of statistical analysis used in the analysis of SAQ data and the 

appropriateness of the method(s) selected based on the statistical tests’ analytical 

assumptions.

4.2 RESULTS

A total of 39 articles cited and/or used the SAQ scale (Table 4-1). The electronic 

database search identified six studies. Two of the six were the SAQ development studies 

[3, 8]. Two studies employed the SAQ as a measure of QOL in patients with CAD [9,11], 

one study provided an overview of the health-related QOL methods for a future study [10] 

and one study [12] compared the SAQ to two other QOL measures. Searching the 

Scientific Citation Index identified a further 33 articles that cited one or both of the two
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Spertus SAQ developmental articles [3, 8]. Of those 33 studies, six articles were identified 

as having used the SAQ to measure QOL outcomes [13-18]. Seventeen articles referred to 

the SAQ as a disease-specific tool for assessing QOL in patients with CAD[19-35]. Six 

articles used the results of the developmental SAQ article as validation for their own 

particular study [36-41]. One article identified and reviewed the treatment satisfaction 

dimension of the SAQ [42], Two articles were published in non-English journals, German 

and Spanish, and were not assessed. One article planned to use the SAQ in an upcoming 

RCT [43].

Of the nine studies that used the SAQ as a QOL outcome measure (Table 2), three 

studies [13, 16. 18] did not explicitly describe how the results of the SAQ questionnaires 

were analyzed. General statements such as the following were often used: “...for each of 

the 15 components of the SAQ, (3 groups compared on 5 SAQ scales)... TMR was 

associated with a significantly better result than medical management” [13]. Five studies 

[10,12,14,15,17] used parametric tests that require normally distributed data. However, 

assumptions required for the use of parametric tests were not specifically discussed or 

addressed. Although none of the studies explicitly discussed the distributions of the SAQ 

scores, mean scores (when presented), e.g. 88+/- 18 (S.D.) [14] indicate that the upper 

limit of intervals defined by the reported standard deviations exceeded the maximal score 

possible for the scales (100). As well, standard deviations presented [10] were over half of 

the mean SAQ score. Altman states that for measurements that cannot be negative ... we 

can infer that the data have a skewed distribution if the standard deviation is more than 

half the mean. [7] This suggests that the SAQ scale scores may not have been normally 

distributed.

While it is true in small samples that data should be normally distributed for use of 

t-tests, linear regression, and ANOVA, this is not an absolute requirement of the analysis
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in large samples because of the Central Limit Theorem. However, sample sizes for the 

studies that used parametric statistics in their analysis of the SAQ scores ranged from 10 

to 78 patients (Table 2). One of the studies with 78 patients in the sample [10] used t- 

tests to determine the differences between baseline and 3 month SAQ scores. The 

second study with 78 patients [15] presented mean SAQ scores taken at one year follow- 

up. The SAQ scores presented in both studies suggest that the scores were skewed [7] 

and in both cases no apparent attempt was made to transform the data. Of further note is 

that the two studies with the largest samples [10,15] were prospective cohort studies. As 

with any cohort study, comparisons of outcomes can prove misleading without first 

adjusting for patients characteristics. Although the sample sizes may have been 

sufficient for the tests used, the statistical analyses should have included the presentation 

of adjusted as opposed to crude SAQ scores.

Only one of the nine studies that used the SAQ addressed the issue of analyzing 

non-normally distributed SAQ scores [9]. Reporting on the results of a randomized 

controlled trial that compared transmyocardial revascularization with continued medical 

therapy in patients with medically refractory angina, Burkoff et al noted that the SAQ, 

completed by the patients at baseline and three months, was analyzed using median 

scores with inter-quartile range scores. Changes in the SAQ scores from baseline were 

compared using the non-parametric Wilcoxon’s test

4.3 DISCUSSION

Our review demonstrates that the SAQ is recognized as a QOL measure for 

patients with CAD and further, that parametric tests are used to compare SAQ scores. This 

is problematic considering the potentially non-normal distributionsof the SAQ scale scores. 

Bivariate analyses of non-normally distributed data are reasonably straightforward using 

non-parametric tests such as the Mann-Whitney test Methods to control for covariates in a
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multivariate analysis prove to be somewhat more challenging. Several different strategies 

can be considered including 1. Logistic regression using patients who scored 100 (the 

maximum) versus patients who scored less than 100 as a dichotomous outcome measure.

2. Logistic regression using patients who scored at or above the median and patients who 

scored below the median as a dichotomous outcome variable. 3. Ordinal regression 

whereby dimensional scores are categorized into ordered categories and mean dimensional 

scores are used as independent variables in the regression analysis [44],

Although this paper focuses on the SAQ, the issue of the most appropriate 

statistical analysis for disease specific QOL scales may not be unique to this particular 

scale. Ordinal scales (particularly common in QOL instruments) even when transformed, 

risk generating skewed results [45]. The 'average' scores for patients with chronic 

diseases may be concentrated at the top of the scale (ceiling effect) or the bottom of the 

scale (floor effect) severely limiting the range of scores possible. This then makes it 

difficult using parametric methods to describe differences in QOL post-treatment or 

changes in QOL over time.

A review of the literature shows that the assumptions of the statistical tests used 

for the analysis of SAQ scores may have been violated leading to questionable results. As 

the SAQ is becoming a widely recognized instrument for measuring the QOL of patients with 

CAD, results of this research suggest that investigators may need to increase their attention 

to the distributional characteristics of their QOL data before applying parametric tests.
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Table 4-1 Results of literature search
Use of SAQ in Manuscripts Electronic

Databases

N (reference)

Web of 
Science
N (reference)

Total

SAQ Development Studies by Spertus et al 243,8] 2

Used SAQ as a measure for QOL 3[9,11,12] 6 [13-18] 9

Plans on using SAQ in future study 1 £10] 1[42] 2
Articles refer to SAQ as disease specific tool for 
measuring QOL.(do not actually use SAQ)

17 [19-35] 17

Use the results of SAQ developmental article as 

validation for another QOL measure

6 [36-41] 6

Identify and review the treatment satisfaction 

scale of the SAQ
1 [42] 1

Articles published in non-English journals (not assessed) 2 2
Total 6 33 39
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Table 4-2 Studies that used the SAQ as a QOL measunmenttool

Author Type of study Purpose SAQ completion Analysis of SAQ
Blum et at 
[18]

Prospective case-control 
pilot study
Sample size 10 patients

Assess the effects of oral L-arginine on the 
clinical inflammatory state of patients with 

CAD and intractable angina pectoris

Patients filled out SAQ before 
treatment, Imonth post and 3 
months post treatment.

ANALYSIS NOT DESCRIBED Results: 
Assessment of changes in SAQ demonstrated 
improvement in all 5 aspects of angina

Fruitman et 
al
115]

Cohort of 127 CABG 
patients > 80 years. 

Between March 1995 to 
Feb 1997. SAQ follow-up 
= 78 CABG only patients.

Stated that they wished to look at whether 
health care resources spent on elderly 
patients were cost effective in maintaining a 
meaningful QOL

Telephone interview (mean 
follow-up time 15.7 months, 
standard deviation = 6.9 
months)

PARAMETRIC TEST USED 
Mean scores of QOL dimensions presented. 
No reference to distributions or normal scores 
for octogenarians • "very good scores in all 
areas ... generally good enjoyment of life"

MacDonald 
P. e ta l(10 ]

Prospective cohort 
Jan 1995-Feb 1996.100  
patients > 75 years. 
Follow-up on 78 patients.

1 .Examine the impact of CABG surgery on 
the QOL of elderly patients with CAD.
2. compared different QOL measurements
3. examined predictors of poor QOL 
outcomes assessed clinical ratings to 
identify patients at high risk

Mailed questionnaires at three 
months

PARAMETRIC TEST USED  
Mean change scores between baseline and 3 
months using (effect size mean 
change)/(standard deviation of mean change), 
f-tests for determinations of differences 
between baseline and 3 month scores. 
Logistic regression to identify risk adjusted 
odds of no change in scores.

Jeremias et 
al 
[18]

Prospective cohort of 
145
stent/PCI/catheterization 
patients. From Mar 97- 
Aug 97. Compared SAQ 
scores in 3 groups. 51- 
stent group, 33 PCI 
group, and 61 Diagnostic 
Catheterization group.

Evaluate the frequency of nonischemic post 
procedural chest pain in patients after stent 
implantation compared with patients 
undergoing PCI or diagnostic 
catheterization.

SAQ used for assessment of 
post-procedural chest pain 
within 24 hours of procedure.

ANALYSIS NOT DESCRIBED 
Implied non-parametric but not conclusive. 
Only states that 3 of the scales were 
"comparable in all groups"

Kimble, and 
KuniK (17]

Descriptive correlational 
design. 95 patients with 
chronic Angina. SAQ 
scores compared on 45 
women and 50 men

Purpose was to explore relationship among 
knowledge and use of sublingual 
nitroglycerine and QOL

SAQ used to measure QOL in 
interview conducted by phone 
(98%) or face to face.

PARAMETRIC TEST USED Compared mean 
scores between genders. Pearson r used to 
examine relationship between sublingual 
nitroglycerine use and QOL

Slmes et al 
[14]

Used patients from 
randomized control trial 
of Stenting in Chronic 
Coronary Occlusion 
study (SICCO). 117 
patients. SAQ scores 
compared on two 
groups: 59 control group 
and 57 stent group.

Assessed the long-term clinical outcomes 
of stenting chronic occlusions

Used SAQ sent as 
questionnaire or solicited by 
telephone 2 years post 
randomization

PARAMETRIC TEST USED  
SAQ scores presented as means. Statistical 
methods states used Mest with means. 
Anginal stability scale missing.



Frazier el al 
1131

Randomized controlled 
mutticenter trial of 192 
patients. Follow-up on 3 
groups of patients: 67 
patients in TMR group,
37 patients in medical 
group with crossover and 
30 patients in the 
medical group with no 
crossover.

Purpose was to examine the efficacy and 
safety of Transmyocardial 
Revascularization in patients with refractory 
angina and left ventricular free wall 
ischemia that was not amenable to direct 
coronary revascularization and to compare 
to medical management

Burkhoff et Prospective randomized To compare transmyocardial 
al controlled trial of 162 revascularization with continued medical
[9]* patients assigned to therapy for patients with medically

transmyocardial refractory angina
revascularization & 
medications or

______________ medications alone_____________________________________________
‘Used non-parametric statistics to analyze data.

SAQ questionnaire completed at ANALYSIS NOT DESCRIBED  
enrollment, 3,6, and 12 months General discussions of all statistical analysis.

Results indicated that for each of the 15 
components of the SAQ (3 groups of patients 
with 5 SAQ scores each), Transmyocardial 
revascularization was associated with a 
significantly better result that medical 
management.'

SAQ questionnaires completed NON-PARAMETRIC TESTS USED
at baseline, and 3 months. Analyzed changes in SAQ scores between

groups using Wilcoxon's rank-sum test. 
Presented as medians and inter-quartile 
ranges.
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CHAPTER5

COMPARISON OF FOUR DIFFERENT STATISTICAL ANALYSIS 

STRATEGIES FOR ANALYZING SEATTLE ANGINA QUESTIONNAIRE
QUALITY OF LIFE DATA

5.0 INTRODUCTION

The Seattle Angina Questionnaire (SAQ) is being used with increasing frequency in 

clinical research to address the quality of life (QOL) outcomes of patients with coronary artery 

disease (CAD). Results of a comprehensive literature review identifying all published studies 

analyzing the SAQ demonstrated that inappropriate analysis methods are commonly used to 

analyze SAQ scores Our results of a preliminary analysis of a large population based 

cohort of patients undergoing cardiac catheterization for CAD indicated that as high as 35% of

patients selected 100 (the best possible score) for one of the dimensions PI. The resulting 

ceiling effect produced a strongly skewed dataset creating graphically non-normal distributions 

in all five SAQ dimensions. Transformation of the data using log transformation, squared and 

square root transformations failed to yield normally distributed data. The distribution of the data 

led to an exploration of the most appropriate statistical analysis for multivariate modeling of the 

predictors of QOL outcomes. Four strategies for analysis were explored. The first strategy was 

to use linear regression relying on the centraMimit theorem that states that where one has a 

large dataset (large number of cases), despite the non-normality of the raw responses and the 

residuals, statistical inferences can be made based on the approximate normality of the 

regression estimates. The second and third strategies involved dichotomizing the outcome 

data by two separate methods and using binary logistic regression analysis. The fourth 

strategy was to use ordinal logistic regression.

5.1 The SAQ

The SAQ is a 19 item self-administered questionnaire. Five dimensions of CAD are 

measured, generating five independent scales measuring exertional capacity, anginal
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stability, anginal frequency, disease perception and treatment satisfaction. Each of the 

questions is measured on an ordinal scale with one indicating the lowest/poorest response. 

The questions specific to each dimension are summed and then converted to a zero to 100 

range. As each scale measures a unique dimension, the five scales have been tested for

validity, responsiveness, and reproducibility using different patient groups

Based on the results of the validity, responsiveness and reliability testing, the SAQ 

was determined to be a valid, responsive and reliable instrument The research by Spertus 

et al t3] suggested that the SAQ was sensitive to clinical changes in patient's coronary 

artery disease, and that it focused on symptoms and impairments in health that are unique 

to coronary disease. t3l The Medical Outcomes Trust adopted the SAQ as a QOL measure 

for patients with CAD. The SAQ has been translated into at least 16 languages for use in

Europe, Scandinavia, the Middle East and North America M , and is in widespread use 

worldwide (Spertus, Personal communication).

The purpose of this paper was to compare four different statistical analysis strategies 

for analyzing skewed SAQ QOL data including 1. Linear regression using the SAQ scoring 

method set out by Spertus et al. [3] 2. Logistic regression using patients who scored 100 (the 

best score) versus patients who scored less than 100 as the outcome variable. 3. Logistic 

regression using patients who scored at or above the median versus patients who scored 

below the median as the outcome variable. 4.0rdinal regression whereby dimensional scores 

were categorized into ordered categories with those in the lowest category having the lowest 

QOL scores while those in the highest category had the highest QOL scores.

5.2 METHODS

5.2.1 APPROACH Project

The Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease 

(APPROACH) is a province-wide inception cohort of all adult Alberta residents undergoing 

cardiac catheterization for ischemic heart disease. The APPROACH project was initiated to 

study provincial outcomes of care and facilitate quality assurance/quality improvement for
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patients with CAO in Alberta. The APPROACH database contains detailed clinical 

information on adult patients with known or suspected CAD. Outcome QOL data were 

collected by means of a self reported questionnaire mailed to patients on the anniversary of 

their initial cardiac catheterization. The self reported questionnaire includes the SAQ. 

Participants were provided with two options for completing the follow-up questionnaire. 

Participants could complete the questionnaire and mail it back in a stamped envelope or 

they could telephone a toll free line and respond to a verbally administered questionnaire 

that is recorded and transcribed daily. A second questionnaire was sent to non­

respondents with the same options for completion. In the case of the questionnaires failing 

to reach subjects due to the wrong addresses, letters were sent to the referring 

cardiologist/family doctor to attempt to get a more current/correct mailing address and if 

available questionnaires were resent

5.2.2 Sample

Eligible subjects included all consenting adult Alberta residents over the age of 18 

years, with CAD (Duke Coronary Index coded between 1 and 13) t5l, without a previous 

catheterization, or surgical intervention, undergoing cardiac catheterization in Alberta, from 

January 1* 1995 to December 31st, 1997. The cohort for this study comprised 3523 adults 

who responded to the one-year follow-up QOL questionnaire.

5.2.3 Clinical Variables

Clinical data were obtained from the APPROACH database on adults who had 

undergone cardiac catheterization. Data elements collected at catheterization include 

patients’ age, sex, and presence of the following risk factors: cerebrovascular disease 

(CEVD), congestive heart failure (CHF), chronic pulmonary disease (COPD), renal disease, 

peripheral vascular disease (PVD) type I diabetes, type II diabetes, dialysis, hyperiipidemia, 

hypertension, liver/gastrointestinal disease, malignancy, coronary anatomy as defined by 

the Duke Index, [5] clinical indication for catheterization, left ventricular ejection fraction.
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prior lytic therapy, prior myocardial infarction, prior coronary artery bypass graft surgery, 

and prior angioplasty.

5.2.4 Quality of Life Data

The QOL paradigm of patients with CAO as identified by Spertus in the SAQ (31 is 

made up of a combination of dimensions including the exertional capacity, anginal 

stability/frequency, treatment satisfaction and disease perception. One of the most directly 

quantifiable measurements, the exertional capacity scale, determines the exertional 

capacity of patients with CAO. Consequently, the Exertional Capacity (EC) scale scores of 

the SAQ were used for the purposes of these analyses. The EC score is composed of nine 

questions specific to the exertional capacity dimension. The nine questions were summed 

and then transformed to a zero to 100 range as indicated by the authors' method for

scoring the SAQ [3], This score, along with three new variables, were created for each of 

the four models compared. For the linear regression model 'ECSCORE' was used as the 

outcome variable. For the first logistic regression model a binary variable 'EC100' was 

created with respondents who scored 100 (no limitations to exertional capacity) coded as 

'O' and respondents who scored less than 100 coded as '1'. A second variable was created 

for the outcome variable of the second logistic model 'ECMEOIAN' whereby respondents 

who scored higher than the median score were coded as 'O' and respondents scoring less 

than or equal to the median score were coded as '1‘. Finally, an outcome variable 'ECCAT 

was created for the ordinal regression model. Each of the 9 items that comprise the 

exertional capacity score is a five-point item with a maximum score of S. The original 

scores from the 9 exertional capacity dimension questions were added together and 

divided by 9 to create a mean exertional capacity score. The set of mean scores was then 

separated into quintiles to produce 5 equal groups. This categorization reflected the scale 

itself with the lowest group (category 1) having the overall lowest scores continuing up to 

category 5, the group with the highest overall score.
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5.2.5 Models

Four regression models were constructed. For this comparison, all potential 

predictor variables collected at catheterization were entered into the models. One linear 

regression model was run using the ECSCORE as the outcome variable. Two logistic 

regression models were run using 1) EC 100 and 2) ECMEDIAN as the outcome variables. 

One ordinal regression model was fitted using the variable ECCAT as the outcome 

variable. The logit link function was used in the ordinal regression modeling. Approximate 

odds ratios and confidence limits based on the linear regression results arise from viewing 

the proportional odds model in terms of a latent logistic error model. A crude conversion 

factor, it { 3 sresid }, where sresid is the residual standard deviation, results from 

matching variances between logistic and normal distribution curves. To get a rough 

estimate of the odds ratio, the negative of the coefficients from the linear regression were 

divided by 10 and exponentiated ( (*coamdam> /10). All statistical analyses were performed 

using SPSS version 10.0.7.

5.3 ASSESSMENT CRITERIA FOR MOOEL FIT.

5.3.1 Linear Regression Model

If the linear regression model is indeed appropriate for the data under analysis, the 

observed residuals should exhibit properties in keeping with the assumptions for regression 

analysis These include that the unobserved error terms of the residuals are 

independent have a mean of zero, a common variance and follow a normal distribution. An 

analysis of the residuals from the fitted model was performed specifically examining the 

variance, skewness and kurtosis of the residuals. As well a normal plot of the residuals was 

produced to verify that the residuals had an approximately normal distribution as well as to 

check the overall fit of the model. The fit of the model was also assessed by considering 

the proportion of the total sum of squares that was explained by the regression using the 

adjusted R2 statistic. The adjusted R2 is the more appropriate statistic to use as it 

compensates for the expected chance prediction when the null hypothesis is true, t7! In
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order to maintain consistency among the 4 models, all possible explanatory variables were 

left in the model. Although R2 is a valuable summary measure of model performance, 

lezzoni t8l notes that it provides little intuitive feel for the model's ability to discriminate 

among cases with high or low values of the outcome variable. Accordingly, we also 

examined the actual and predicted mean exertional capacity scores within quintiles.

5.3.2 Logistic Regression Models

The -2 log likelihood change in deviance was used to examine the fit of the binary 

logistic models. The models’ discrimination and goodness-of-fit were assessed using the c 

statistics and the Hosmer-Lemeshow (H-L test), respectively. The c statistic corresponds to 

the area under the receiver operating characteristic (ROC) curve and is a measure of 

model discrimination t8l. If all predicted probabilities for cases coded as 1 are higher than 

the predictions for those who were coded as 0, the c statistic takes on a maximum value of 

1.0. A model with no ability to discriminate has a c statistic of 0.5. H-L tests were used to 

assess the models' goodness of fit The H-L test computes a summary measure of the 

discordance between the expected and the observed number of outcomes for cases in

deciles of increasing predicted risk t8l  Models with significant H-L chi square values (i.e. 

p<0.05) are rejected for poor fit We chose to use this test because of its widespread use 

in the literature, but draw readers' attention to published studies raising concern regarding 

the Hosmer-Lemeshow test's stability and power P I. We also used the decile framework of 

the H-L analysis to calculate, for each model, the mean absolute value of observed cases 

minus expected cases across deciles (an analysis that is not sensitive to sample size). 

Finally, minus 2-log likelihood (-2LL), or residuals, in each model were compared against 

the null model. Large values indicate large decreases in deviance attributable to the model 

[101.
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5.3.3 Ordinal Regression Model

The proportional odds model sometimes referred to as the "ordinal logistic model" 

HU is an extension of binary logistic regression. The -2 log likelihood change in deviance 

was used to examine model fit A significant (p < 0.05) change in the -2 log likelihood 

statistic between the baseline model and the final model demonstrates that the predictors 

were jointly significant based on the likelihood ratio test The model fit was also assessed 

using a cross-tabulation of the predicted outcome categories with the observed categories. 

As the model attempts to predict cumulative probabilities rather than category membership, 

two steps are involved in predicting categories. First, for each case, the probability is 

estimated by using the predictor values for a case in the model equations and taking the 

inverse of the link function. Second, the predicted probabilities are used to select the most 

likely outcome category, that being the category with the highest probability given the 

pattern of the predictor values for each case. Finally, the test of parallel lines was examined 

to determine whether the proportional odds assumption was satisfied. The proportional 

odds assumption for modeling ordinal data suggests that the cut-point specific odds ratios 

are homogeneous and uses a chi-square statistic to compare the estimated model with one 

set of coefficients for all categories to a model with a separate set of coefficients for each 

category.

5.4 RESULTS

A total of 3523 patients (73.3% male) with a mean age of 62.1 years (SD= 10.7 

years) were used for this analysis. Table 5-1 describes the study population. Fifty percent of 

the patients were hypertensive, 45.3% were hyperiipidemic, while 37.4% had experienced a 

myocardial infarction within 3 months before their admission for catheterization. Forty-two 

percent of the patients had undergone catheterization for stable angina. Results of the 

cardiac catheterization demonstrated that 41.7% of the patients had 2 to 3 vessel disease 

and 63.9% had an ejection fraction of >50%.
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5.4.1 Linear Regression Model Performance

The normal plot of residuals from the linear regression fit revealed a pattern that was 

much closer to normal than the SAQ scores. However, there remained a pronounced degree 

of skewness (-0.57) in that the left tail was much longer than the right The Normal plot of the 

residuals against the fitted values is very close to a straight line; again suggesting that the 

model provides a good fit to the data. The adjusted R2 was 0.54 indicating that 54% of the 

variance in exertional capacity score was explained by the independent variables in the 

model. Table 5-2 presents the predicted scores divided into quintiles, cross-tabulated with the 

actual scores also divided into quintiles. The model does a reasonably good job of predicting 

the exertional capacity scores by predicting the largest percentage of correct outcome 

categories in all 5 categories. Category 1 (lowest/worst exertional capacity scores) is the best 

predicted category (60.5% correctly predicted) followed by Category 5 (highest/best 

exertional capacity scores) with 56.5% correctly predicted.

5.4.2 Comparison of the two logistic regression models

Binary logistic regression modeling of the data revealed that the use of the 

median score (EC median) to split the exertional capacity scores into a binary outcome, 

resulted in a higher c statistic (c=0.874) then did the use of EC100 as the outcome variable. 

Conversely the median split model demonstrated slightly less model calibration with the H-L 

decile of risk analysis having a higher mean absolute difference across deciles (2.0%). The 

corresponding p value (p= 0.20) indicated that the actual and predicted numbers of patients 

above the median within each of the 10 deciles were not significantly different The split using 

less than complete exertional capacity versus complete exertional capacity (EC100), resulted 

in a slightly lower c statistic of 0.856, yet the H-L decile of risk analysis yielded a lower mean 

absolute difference of 1.3%. The corresponding p value (p= 0.21) indicated that the actual 

and predicted EC100 scores within each of the 10 deciles were not significantly different
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5.4.3 Ordinal regression model performance

The ordinal regression model had a highly significant change in deviance score (-2 

Log likelihood score) of 7814.88 (p <0.0001). The significant chi-square indicates that the 

model gives a statistically significant improvement over the baseline intercept-only model. 

Table 5-3 presents a cross-tabulation of the predicted exertional capacity categories with the 

actual exertional capacity categories. This table shows that the model predicts the largest 

percentage of correct outcome categories for all categories, except category 3 (middle 

category). Categories 1 and 5 were the best predicted with 61.5% and 59.3% predicted in 

each category respectively. Despite the less than perfect prediction, the majority of cases in 

all categories were predicted to fall in the adjacent category (i.e. +/- one category) rather than 

in more distant categories on the ordinal scale. The assumption of homogeneity of the 

proportional odds ratio over all cut-points was tested with SPSS test of parallel lines yielding a 

chi-square of 121.25 (p<0.03) for the foil model.

5.4.4 Comparison of Odds Ratios from the four models

Table 5-4 presents the odds ratios, 95% confidence intervals and confidence interval 

widths (ratio of the upper confidence interval divided by the lower confidence interval) for all 

of the variables analyzed in each of the three logistic models and the linear regression model. 

The linear regression model and the proportional odds model clearly achieved more stable 

estimates compared to the two binary logistic models as demonstrated by the smallest ratios 

of the upper confidence intervals to the lower confidence intervals. The linear regression 

model and the proportional odds model consistently ranked 1* (smallest ratio) or 2nd . The 

linear regression model, produced the smallest ratios for 11 of the predictor variables while 

the proportional odds model produced the smallest ratios for 7 of the predictor variables. Both 

models attained equal ratios for the remaining 6 predictor variables in the models. The binary 

logistic models yielded much larger ratios and in some instances (e.g. renal disease), the 

binary logistic models produced confidence intervals that were sufficiently large to suggest 

that the coefficient of the predictor variables were so unstable that they were uninterpretable.
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5.5 DISCUSSION

The SAQ is being used with increasing frequency in clinical research addressing the 

QOL outcomes of patients with CAD. A review of the literature indicated that inappropriate

statistical methods for the analysis of SAQ scores are prevalent HI Although the SAQ scores 

are transformed from ordinal scales to seemingly continuous scales, the non-normal 

distributions of the SAQ dimensional scores suggested that applying linear regression models 

to assess predictors of SAQ scores may not be the most suitable statistical analysis to use. 

With the APPROACH database, we faced a wealth of clinical variables to model outcomes 

and apparently non-normally distributed SAQ dimensional scores. We were therefore left with 

the choice of 1) using linear regression after testing model assumptions, 2) assuming that the 

patients responding to the 1-year SAQ indicating that they had complete exertional capacity 

(score of 100) were unique and using logistic regression modeling to define the difference, 3) 

assuming that there was a difference in the patients who responded above the median score 

as compared to those at or below the median score and using logistic regression analysis, or 

4) using the ordinality of the ranked SAQ responses and controlling for the clinical variables 

using ordinal regression analysis. Globally, all four modeling methods compared in this paper 

produced acceptable parameters used for measuring model performance. Analysis of the 

residuals of the linear regression model indicated that these data follow an approximately 

normal distribution and therefore the assumptions for the use of parametric statistics are met 

The adjusted R2 (0.54) also suggests that the model fits the data reasonably well. This is 

further evidenced by the fact that the predicted scores for exertional capacity are fairly good 

especially in the lowest and the highest categories. Both logistic regression models yielded 

similar discriminative abilities, although the median model discriminated slightly better than the 

model using the patients who scored 100 (c-statistics: 0.875 and 0.857 respectively). On the 

other hand, the difference in the H-L goodness of fit statistic, and the mean absolute difference 

would suggest that the use of a score of 100 in the exertional capacity score to dichotomize 

the data slightly improved model performance and model prediction. Findings from both
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models are valid, yet the dilemma arises when researchers are then faced with making an 

arbitrary choice as to which cut point to use in order to dichotomize the data.

The highly significant change in the deviance score produced by the ordinal 

regression model suggests that the model fits the data better than the intercept only model. 

This is further evidenced by the fact that the predicted scores for exertional capacity do a 

satisfactory job of predicting the data. A preliminary test for homogeneity of the odds ratios 

over the various cut points in the ordinal regression model suggested that the model failed to 

meet the assumption required for use of the model (chi-square=121.24 p=0.03). However, the 

score test used to evaluate this assumption has a number of limitations. As described by Scott 

et al t11l zero cells for a regressor variable at an inner value of the outcome variable may 

produce spuriously high chi-square values. A similar problem may result when data are 

generally sparse or when one of the values of the outcome represents only a small fraction of 

the total sample size. In fact in this analysis, there were 12568 (80.0%) of cells of the 

dependent variable levels by the combinations of predictor variable values with zero 

frequencies. Secondly, the score test is a global test of non-proportionality and cannot 

distinguish heterogeneity associated with the exposure variable from those associated with 

other covariates. Results from the method suggested by Brant {0 assess the 

proportionality assumption demonstrated that the low p value from the score test of the 

adjusted model was due to sparse data rather than significant heterogeneity. Thirdly, the score 

test is sensitive to sample size and may produce statistically significant p values between the 

cut-points where there is little practical difference.

A comparison of the odds ratios and 95% confidence intervals of the four models 

demonstrated that the linear regression model and the proportional odds ordinal regression 

model shared in producing the smallest 95% upper confidence interval to lower confidence 

interval ratios. The linear regression model and the proportional odds ordinal regression 

models have the additional advantage over the logistic regression models as inferences from 

the former can be made across the range of outcomes while inferences from the logistic
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regression models are limited to comparisons across single cut-points. The within-sample 

predictive fit was similar for ordinal and linear regression models.

Based on the inherent information loss in grouping, the statistical efficiency of the 

linear model approach is higher, as can be seen in the relative narrowness of the 95% 

confidence intervals of the linear regression odds ratio approximations. In addition, the 

regression slopes are immediately interpretable in terms of the differences in mean SAQ 

scores between variously defined patient sub-groups. These advantages, however, may be 

outweighed by issues of lack of fit in other applications where the residual pattern of dispersion 

is strongly non-normal or in smaller samples where large sample hypothesis tests and interval 

estimates may be invalid.

In general, there is merit to considering the use of the proportional odds ordinal 

regression model when there is pronounced non-normality as in the case at hand. It must be 

noted though that odds ratios, unless they meet the rare disease assumption and approximate 

relative risks (when the risk of the outcome is low), are not readily interpretable from a 

practical perspective. Notwithstanding this potential for misinterpretation, the odds ratio has 

found wide spread use in epidemiology. The constraint placed on the use of the ordinal model 

is that the log odds does not depend on the outcome category and therefore inferences from 

fitted proportional odds ordinal models lend themselves to a general discussion of direction of

response H4!.

In conclusion, comparison of 4 models used to analyze SAQ exertional capacity 

dimensional scores demonstrated that all 4 models were successful at fitting the data. 

However, the ordinal regression model and the linear regression model were superior to the 

logistic regression models. The choice between the use of the ordinal regression model or a 

linear regression model is not as clear-cut On the one hand, the proportional odds ordinal 

regression model appears to be more sensitive to the characteristics, specifically the ordinality, 

of the SAQ data. Scott et al argue persuasively that while ordinal regression modeling 

retains the inherent ordinality of the data, it neither imposes the loss of information by treating
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the outcome as dichotomous, nor the unjustified quantification of category differences when 

ordinal data are treated as continuous. On the other hand where the residual patterns of 

dispersion are close to normal or in samples where the large sample hypothesis testing and 

interval estimates are valid, the regression slopes from the linear regression model are easily 

interpretable in terms of differences in mean scores between subgroups of interest These 

latter points lead us to conclude that in the absence of a breach of the models' assumptions, 

a combination of the results derived from a linear regression model and an ordinal 

regression model (adjusted SAQ scores and odds ratios) may produce the most 

comprehensive interpretation of the data from a quantitative as well as qualitative 

perspective. Furthermore, analysis of the SAQ using a combination of models will assist in 

the interpretation, presentation and ultimately the understanding of QOL results for patients 

with CAD.
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Table 5-1 Sample Demographic Data

Independent Variables Number Percentage

(overall N= 3523)
Age (mean) Mean:62.1 Std.dev:10.7
Sex Male: 2583 73.3%
Cerebrovascular Disease 161 4.6%
Pulmonary Disease 253 7.2%
Heart failure 323 9.2%
Renal Disease 45 1.3%
Diabetes Mellitus 519 14.7%
Dialysis 31 0.9%
Hyperlipidemia 1597 45.3%
Hypertension 1763 50.0%
Prior Myocardial Infarction 1305 37.4%
Liver/Gastro Intestinal Disease 105 3.0%
Malignancy 104 3.0%
Peripheral Vascular Disease 211 6.0%
Indications for catheterization
Unstable Angina 961 27.3%
Myocardial Infarction 676 19.2%
Stable Angina 1462 41.5%
Other 424 12.0%
DUKE INDEX
Left Main Disease 1043 29.6%
2 & 3 Vessel Disease 1468 41.7%
1 Vessel Disease 705 20.0%
Missing 307 8.7%
Ejection Fraction
<30% 135 3.8%
30-50% 705 20.0%
>50% 2250 63.9%
Ventriculogram not done due to 98 2.8%
Instability

335 9.5%
Missing
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Table 5-2 Crosstabulations of the predicted scores (divided into quintiles) from the linear 
regression model by the actual scores

Predicted 
category 1

Predicted 
category 2

Predicted 
category 3

Predicted 
category 4

Predicted 
category 5

Total

Actual category 1 399 173 64 19 5 660
N (% ) (60.5%) (26.2%) (9.7%) (2.9%) (0.4%) (100%)
Actual category 2 167 222 169 87 15 660
N (% ) (25.3%) (33.6%) (25.6%) (13.2%) (2.3%) (100%)
Actual category 3 45 142 188 156 60 591
N (% ) (7.6%) (24.0%) (31.8%) (26.4%) (10.2%) (100%)
Actual category 4 13 58 141 204 201 617
N (% ) (2.1%) (9.4%) (22.9%) (33.1%) (32.6%) (100%)
Actual category 5 4 34 66 163 347 614
N (% ) (0.7%) (5.5%) (10.7%) (26.5%) (56.5%) (100%)
Total 628 629 628 629 628 3142

Table 5.3 Crosstabulations of the predicted scores horn the ordinal regression model by 
the actual scores

Predicted 
category 1

Predicted 
category 2

Predicted 
category 3

Predicted 
category 4

Predicted 
category 5

Total

Actual category 1 406 178 50 17 9 660
N (% ) (61.5%) (27.0%) (7.6%) (2.6%) (1.4%) (100%)
Actual category 2 174 252 119 96 19 660
N (% ) (26.4%) (38.2%) (18.0%) (14.5%) (2.9%) (100%)
Actual category 3 48 170 134 170 69 591
N (% ) (8.1%) (28.8%) (22.7%) (28.8%) (11.7%) (100%)
Actual category 4 17 67 107 211 215 617
N (% ) (2.8%) (10.9%) (17.3%) (34.2%) (34.8%) (100%)
Actual category S 5 37 52 156 364 614
N (% ) (0.8%) (6.0%) (8.5%) (25.4%) (59.3%) (100%)
Total 650 704 462 650 676 3142

99

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 5-4 Odds Ratios and 95% Confidence Intervals (Cl) of three models

ndependent 
Variables

Log regression
(EC100) 

less than complete 
EC vs. complete 

EC

Ratio ol 
Upper 
Cl to 

Lower 
Cl

Log Regression 
(ECmedian)
At or Below 

Median score vs. 
Above median 

score

Ratio ol 
Upper 
Cl to 

Lower 
Cl

Ordinal 
Regression 

Best to worst

Ratio ol 
Upper 
Cl to 

Lower 
Cl

Linear
Regression

(mathematical
conversion)

Ratio 
of 

Upper 
Cl to 

Lower 
Cl

Male 0.35 (0.26.0.47) 1.80 >.34 (0.27,0.42) 1.55 9.35 (0.30,0.41) 1.36 >.44(0.38.0.50) 1 .3r
Age in years 1.07(1.06.1.08) 1.01 1.09 (1.07,1.10) 1.02 1.07(1.06,1.08) 1.01 1.06 (1.05,1.06) 1.01
Cerebrovascular
Disease

1.55 (0 .80 ,3 .00 ) 3.76 1.29 (0.81. 2.05) 263 1.43 (1.03,1.99) 1.93 1 .48(1 .32 .1 .86) 1.26*

Pulmonary disease 1.41 (0.87,2.30) 264 1.34(0 .91 ,1 .97) 216 1 .4 2 (1 .0 8 .1 .8 6 ) 1.72 1 .29(1 .15 ,1 .45) 1.26*
rleart failure 1 .1 7 (0 .7 1 ,1 .9 3 ) 274 1 .7 2 (1 .1 7 ,2 .5 2 ) 216 1.68 (1.28,2.20) 1.72* 1 .6 0 (1 .1 5 ,2 2 4 ) 1.96
Renal Disease 17.88

1 .49.214 .17 ) 143.7
1.47
[1.37,14.56) 10.62

4.86 (2.15,10.99)
5.11

2 8 3
(203 ,3 .95 ) 1.96*

Diabetes Mellitus 1.06(0 .76 .1 .48) 1.96 1 .5 9 (1 .2 1 .2 0 8 ) 1.72 1.56 (1.28.1.89) 1.48 1.48(1 .26 .1 .75) 1.39*
Dialysis 9.63 (0.13. 3.07) 23.62 1 .62(0 .50 , 5.28) 10.56 1 .1 3 (0 .4 8 ,2 .6 6 ) 6.54 1.85 (1 .4 5 ,2 3 5 ) 1.62*
Hyperlipidemia D.92 (0.74,1.14) 1.54 9 .9 0 (0 .7 6 ,1 .0 9 ) 1.43 9.88 (0 .7 7 ,1 .0 1 ) 1.31* D.85 (0.65,1.12) 1.72
Hypertension 1.37(1 .10.1 .70) 1.66 1 .2 7 (1 .0 5 ,1 .5 3 ) 1.46 1 .20(1 .04 ,1 .37 ) 1.32* 1 .15(0 .92 ,1 .44) 1.56
Prior Myocardial 
Infarction

1.04(0.80,1 .37) 1.71 1 .1 5 (0 .9 1 ,1 .4 6 ) 1.51 1 .15(0 .97 ,1 .37) 1.40 1 .16(1 .01 ,1 .34) 1.33*

Liver-Gastro 
Intestinal Disease

9.91 (0.47.1.75) 3.72 1 .0 3 (0 .5 8 .1 .8 3 ) 3.16 1 .15(0 .77 ,1 .73) 2 2 6 * 1 .2 2 (0 .6 5 .2 3 0 ) 3.56

Malignancy 1.21 (0 .61 .2 .40 ) 3.04 9 .6 9 (0 .4 0 ,1 .2 0 ) 3.00 9.84 (0.57.1.25) 219 D.77 (0.61,0.95) 1.55*
Peripheral Vascular 
Disease

1.39 (0.79, 2.45) 3.10 2 1 6 (1 .4 2 .3 .2 6 ) 230 2.07 (1 .5 4 .2 7 8 ) 1.80* 1.80(0 .88 ,3 .67) *.17

Time from
----- * * -----»--- *---»»-------cflvnranzjuon ic
follow-up (days)

1.00 (1.00,1.01) 1.01 1.00 (1 .00 ,1 .00 ) 1.00 1.00 (1.001,1.004) 1.00 1.00
(1.001,1.003)

1.00

Time from treatment 
to follow-up (days)

1 .00(0 .99 .1 .00) 1.01 9.99 (0.99,1.00) 1.01 1.00 (1 .0 0 ,1 .0 0 ) 1.00 1.00(1 .00 ,1 .00) 1.00

Indications tot

Other :SAA 
UA" : SA 
M l* : SA

9.79(0 .54 ,1 .15) 
9 .9 7 (0 .7 4 ,1 .2 6 )  
1 .1 5 (0 .8 1 ,1 .6 2 )

213
1.70
200

9 .95(0 .68 ,1 .31) 
9.77(0.60, 0.97) 
9.79 (0 .58 ,1 .08 )

1.93
1.61
1.86

9 .90(0 .71 ,1 .14) 
1.01 (0.85,1.19) 
9 .82(0 .66 ,1 .03)

1.60
1.40
1.66

1 .04(0 .85 .1 .26) 
1 .03(0 .89 ,1 .18) 
9.81 (0.67,0.97)

1.48*
1.33*
1.48*

DUKE INDEX
1VD: <80%DISEASE* 9.82(0 .61 ,1 .11) 1.82 9.77 (0 .59 ,1 .02 ) 1.73 9.87 (0 .7 1 ,1 .0 5 ) 1.46 0.86 (0.73.1.02) 1.39*
B & 3 VD 
<60%DISEASE 1 .30(0 .91 .1 .85) 203 9 .97(0 .71 ,1 .32) 1.86 1 .1 3 (0 .9 1 ,1 .4 1 ) 1.46 1 .09(0 .90 ,1 .31) 1.46*
LEFT MAIN: 
<80%DISEASE

1 .22(0 .78 ,1 .92) 246 1.25 (0.84, 1.85) 220 1.31 (0 .9 8 ,1 .7 5 ) 1.78 1 .26(0 .99 ,1 .61) 1.63*

Ejection Fraction 
Unstable: >60% 
30-50%: >60% 
<30%: >60% 
Missing: >60%

2.02(0 .92 .4 .45)
1 .7 3 (1 .2 9 ,2 3 2 )
2 .0 2 (0 .9 4 ,4 .4 0 )
1 .19(0 .82 ,1 .74)

1.84
1.80
1.68
212

1 .78 (0 .97 , 3.25) 
1 .7 6 (1 .3 7 ,2 .2 6 )  
2 .2 8 (1 .3 1 .3 .9 4 )  
1.30 (0.93.1.80)

3.35
1.66
3.01
1.94

2.04 (1.32,3.17) 
1.65 (1 .3 7 ,1 .9 7 ) 
3.00 (20 2 .4 .4 3 )  
1.25 (0 .9 9 .1 .5 6 )

240
1.44
219
1.56

1.81 (1 .26 ,261 )  
1 .49(1 .28 ,1 .74) 
2.22 (1.62,3.03) 
1 .19(0 .96 ,1 .48)

207*
1.36*
1.88*
1.84*

Anginal stability 
score

9.99 (0 .98 ,1 .00 ) 1.02 9.99 (0.98, 0.99) 1.01 9.99 (0.98,0.99) 1.00* D.99 (0.99,1.00) 1.01

Anginal frequency 
score

9.96 (0.95, 0.98) 1.03 9.98 (0.97,0.98) 1.02 9.98 (0.97,0.98) 1.00* 9.98 (0.97,0.98) 1.01

Disease Perception 
score

1 .00(0 .99 ,1 .01) 1.02 9.95 (0.95, 0.96) 1.01 9.95 (0.95,0.96) 1.01 0.96 (0.95,0.970 1.01

Treatment 
Satisfaction score

1 .00(0 .99 ,1 .01) 1.02 1 .00(0 .99 ,1 .01) 1.02 1.00 (1 .00 ,1 .01 ) 1.01 1 .49(1 .48 ,1 .50) 1.01

among three models
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CHAPTER 6

QUALITY OF LIFE OUTCOMES OF PATIENTS WITH CORONARY 

ARTERY DISEASE, TREATED WITH SURGERY, PERCUTANEOUS 

INTERVENTION OR MEDICAL MANAGEMENT.

6.0 Introduction

For many patients with coronary artery disease (CAD), coronary artery bypass 

grafts (CABG), percutaneous coronary intervention (PCI), (including percutaneous 

transluminal angioplasty (PTCA) and percutaneous placement of a stent (Stent)) and 

medical management are clinically feasible treatment options. Studies comparing CABG 

and PTCA show no difference in the mortality outcomes between these two treatment

strategies 1. Due to the lack of significant evidence regarding treatment supremacy, one 

group of investigators was led to conclude ‘although absolute treatment survival 

differences [are] modest treatment decisions should be based not only on survival 

differences, but also on symptom relief, quality of life outcomes and patient preferences’

2. To date no published studies have been found that compared adults catheterized 

patients for all three treatment modalities (CABG, PCI and Medical Management) for 

differences with respect to quality of life (QOL). The purpose of this study was to 

compare the QOL outcomes of patients in Alberta treated with CABG, PCI (PTCA &/or 

Stent), or medical therapy, at or near one-year following initial catheterization, after 

adjustment for known demographic, co morbid, and disease severity predictors of 

outcome using data from the Alberta Provincial Project for Outcome Assessment in 

Coronary Heart Disease (APPROACH).
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APPROACH is a province-wide inception cohort of all adult Alberta residents undergoing 

cardiac catheterization for ischemic heart disease. The APPROACH project was initiated 

to study provincial outcomes of care and facilitate quality assurance/quality improvement 

for patients with CAO in Alberta.^ Briefly, the APPROACH database contains detailed 

clinical information collected at catheterization and treatment on adult patients with 

known or suspected CAD. Missing data are a common problem in any clinical registry, 

and continue to pose a threat to the validity of observational outcomes analyses. The 

use of the APPROACH project clinical data for this study yielded the same missing data 

issues. To contend with this concern a new method for data enhancement was applied.4 

Administrative data collected from participating hospitals was merged with the 

APPROACH clinical data to fill in variables where data was missing.

The Outcome QOL data were collected by means of a self-reported 

questionnaire mailed to patients on or near the one-year anniversary of their initial 

cardiac catheterization. The questionnaire included the Seattle Angina Questionnaire 

(SAQ). Notification regarding death occurred either through the family by return mail or 

through a bi-annual merge with data from the Alberta Bureau of Vital Statistics.

The SAQ is a 19 item self-administered questionnaire. Five dimensions of CAD 

are measured: exertional capacity, anginal stability, anginal frequency, disease 

perception and treatment satisfaction generating five independent scales. Each question 

is measured on an ordinal scale with 1 indicating the lowest/poorest response. Based on 

the results of the validity, responsiveness and reliability testing, the SAQ was judged to 

be a valid, responsive and reliable instrument Specifically, it has been suggested that the 

SAQ is sensitive to clinical changes in patient's CAD, and that it focuses on symptoms 

and impairments in health that are unique to coronary disease. 5 The Medical Outcomes 

Trust adopted the SAQ as a QOL measure for patients with CAD. Furthermore, the SAQ
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has been translated into 16 languages for use in Europe, the Middle East and North 

America ®, and is in widespread use worldwide (Spertus, Personal communication).

6.1 Methods 

6.1.1. Selection ofpetient population

Eligible subjects included all adult Alberta residents over the age of 18 years, with

CAO (Duke Coronary Index between 3 and 13 7). without a previous catheterization, 

referred for cardiac catheterization, between January 1,1996 and December 31, 1998, to 

one of the three tertiary care centers in Alberta, who were found to have 2 or more diseased 

coronary vessels at catheterization who consented to become part of the APPROACH 

cohort

6.1.2 Collection of data

Data collection sheets were completed at the time of catheterization by the 

referring cardiologists and were entered by cardiac catheterization laboratory staff into 

on-site computers, linked via Ethernet to a server located at the University of Alberta. 

Data collected at catheterization included; sociodemographic characteristics (sex, age, 

residence address and postal code), presence or absence of co morbidities (renal 

insufficiency, hypertension, hyperlipidemia, diabetes mellitus, peripheral vascular 

disease, cerebrovascular disease, smoking status, pulmonary disease, 

liver/gastrointestinal disease, malignancy), disease specific variables (congestive heart 

failure, prior myocardial infarction, prior thrombolytic therapy, Canadian Cardiovascular 

Society angina class, results of previous non-invasive cardiac tests), and coronary 

angiography results (coronary anatomy, extent of coronary stenosis, left ventricular 

ejection ffactionJ.The treatment modality group was identified as the first treatment the
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patient received following the initial cardiac catheterization. Results of subsequent 

interventions and subsequent catheterizations were also collected in the APPROACH 

database.

Participants were provided with two options for completing the follow-up 

questionnaire sent one year after the initial catheterization. They could complete the 

questionnaire and mail it back in a stamped addressed envelope or they could telephone 

a toll free line and respond to a verbally administered questionnaire, which was recorded 

and transcribed daily. A second questionnaire was sent to non-respondents, 13 months 

post-catheterization with the same options for completion. In the case of a questionnaire 

being returned due to a wrong address, letters were sent to the referring cardiologist to 

obtain current/correct mailing addresses and questionnaires were resent Finally, at 15 

months post-catheterization, a third reminder was sent to non-responders.

6.3 Statistical Analysis

6.3.1 Scoring the SAQ

The SAQ is scored by assigning each response an ordinal value, beginning with 1 

for the response that implies the lowest level of functioning, and summing across items 

within each of the five dimensional scales. Scale scores are then transformed to a 0 to 100 

range by subtracting the lowest possible score, dividing by the range of the scale and

multiplying by 100. 5 Although the SAQ scores are transformed from ordinal scales to 

seemingly continuous scales, the non-normal distributions of the SAQ dimensional scores 

suggested that applying linear regression models to assess predictors of SAQ scores was 

not the most suitable statistical analysis to use 8
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With the APPROACH database, we faced a wealth of clinical variables with which 

to model outcomes but SAQ dimensional scores that appeared to have non-normal 

distributions. Transformation of the data using log transformation, squared and square root

transformations failed to produce normal distributions.9 Consequently, the original scores 

from each of the 5 scale scores were added together and divided by the number of 

questions that made up the scale to create a mean dimensional score for each 

respondent Frequencies of the scores were run for each of the 5 scales and categories 

were created based on quintiles.

6.3.2 Risk adjusting the SAQ scores

Baseline clinical and demographic characteristics of patients who completed the 

survey (responders) and those with surveys that remain outstanding (non-responders) 

were compared. The proportional odds (PO) model, sometimes referred to as the “ordinal

logistic model*10, was used in modeling the risk-adjusted associations between treatment 

modalities and SAQ. The PO model produces a summary odds ratio or adjusted estimate 

of effect by modeling the dependence of an ordinal variable. Maximum likelihood 

estimates were used to estimate summary odds ratios. Five regression models were 

constructed, one model for each SAQ dimensional scale. For each of the models all 

demographic, co-morbid and clinical variables were included and entered at the same 

time into the ordinal regression models.

All variables included in the bivariate analyses were entered simultaneously into 

the multivariate models for a number of reasons. First, all variables were considered to be 

clinically relevant irrespective of statistical significance in the bivariate analysis. Second, 

we wanted to have the same independent variables in all models. Third, the objective of 

the modeling was to determine the difference in QOL among treatment groups as
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opposed to developing parsimonious models for predictive purposes. Finally, a sensitivity 

analysis performed using backward elimination of non-significant variables, yielded 

similar proportional odds ratios for treatment modalities. All statistical analyses were 

conducted using SAS® version 8.2.

6.4 Results

A total of 10,108 consenting patients underwent cardiac catheterization between 

January 1* 1996 and December 31M 1998 in the province of Alberta were sent follow-up 

surveys. Of these, 4,344 patients who had 2 or more diseased coronary arteries and no 

prior CABG, PCI or thrombolytic therapy were eligible for this study. 3392(78.1%) 

patients responded to the follow-up survey while 952 (21.9%) surveys remained 

outstanding. 3243 surveys were returned completed and 149 surveys were returned with 

a notice that the patient had died prior to completion of the survey.

An analysis of the differences in the baseline demographic and clinical 

characteristics of responders and non-responders demonstrated few significant differences 

(Table 1). Compared with respondents, non-responders tended to be younger and were 

more likely to have diabetes mellitus and a lower ejection fraction. As well, non­

respondents were more likely to have been treated with medical therapy during the first 

year following their index catheterization (35.1 % versus 26.7% p<0.001).

The mean age of the study population at the time of the index catheterization 

was 64.6 years and the median age was 65.7 years. Seventy-eight percent of the sample 

were male. Thirty nine percent were in the CABG group, 34.0 % had a PCI as the first 

treatment and 27.0% were medically managed for the first year following the index 

catheterization. Baseline demographic and clinical characteristics of the analytic cohort 

grouped by the first treatment received after catheterization are described in Table 2.
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Patients in the PCI treatment group were significantly younger, and were more likely to 

be female compared to the CABG and medically managed treatment groups. The PCI 

group had a higher percentage of patients who had 2-vessel disease, and the largest 

percentage of patients with a left ventricular ejection fraction of greater than 50%. Finally 

the PCI group had the highest percentage of patients who underwent catheterization for 

myocardial infarction (PCI-29.7%, CABG- 18.5%, medicine -  20.3% p<0.001), and were 

significantly more likely to have had a second treatment prior to follow-up as compared to 

the other two treatment groups. Patients in the CABG treatment group were more likely 

to be male and had the largest percentage of patients older than 60 years of age (CABG- 

75.1%, Medicine-72.1 %, PCI- 60.7% p<0.001). Respondents who were treated with 

CABG were significantly more likely to have cerebrovascular disease, congestive heart 

failure, hyperlipidemia, peripheral vascular disease and diabetes mellitus. The CABG 

treatment group had the largest percentage of patients with 3 vessel and left main 

disease and a left ventricular ejection fraction between 30 and 50 percent The most 

notable differences of the respondents who were treated with medical management were 

that they had the largest percentage with a left ventricular ejection fraction of less than 30 

% (medicine- 7.2%, CABG-4.0%, PCI -2.7%  p<0.001), and were originally catheterized 

for stable angina (medicine -45.2% , CABG -41.8% , PCI -  32.0%).

Proportional odds ratios for the treatment modalities, sex, age and follow-up time 

categories following adjustment for all independent variables in the 5 models are presented 

in Table 3. For the overall study population, the adjusted proportional odds controlling for 

demographic and clinical characteristics indicated that those patients who were 

revascularized either with PTCA, Stent or CABG tended toward higher scores (better QOL) 

on all 5 SAQ dimensions as compared to patients treated with medical management 

Patients treated with CABG tended to significantly higher scores in all dimensions compared
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to patients treated with PTCA or Stent, although this relationship was non-significant in the 

exertional capacity scale.

Men reported higher scores in all 5 QOL dimensions as compared to women. 

Younger respondents reported higher scores in the exertional capacity dimension, as well as 

the anginal frequency scale (higher scores indicate less anginal frequency) compared to 

older respondents. Conversely older patients reported higher treatment satisfaction scores 

as well as higher disease perception scores (less perceived disease) compared to younger 

patients. Finally, those patients who responded to the follow-up questionnaire closest to one 

year following catheterization reported higher scores in all QOL dimensions compared to 

those who responded at or greater than 16 months post catheterization.

6.5 Discussion

Little is known about the QOL outcomes after treatment with different modalities for 

CAD. Results from this study demonstrated that while controlling for the demographic and/or 

clinical characteristics, and co morbidities present at catheterization, the treatment decision 

to revascularize the coronary vessels, whether with PTCA, Stent or CABG, consistently 

yielded significantly higher SAQ dimensional scores (better QOL) compared to respondents 

who were medically managed. As both PTCA, Stent and CABG aim to revascularize the 

myocardium, it is naturally appropriate that respondents who underwent any of these 

procedures reported more exertional capacity, more anginal stability and less anginal 

frequency compared to respondents who were pharmacologically managed. It is also not 

surprising that respondents who were not mechanically revascularized reported less 

satisfaction with treatment and higher perceptions of their disease status.

The treatment options for CAD have been well publicized particularly in light of the

medical treatment waiting time projects presently underway in Canada11. Consequently, as
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a result of the media attention on treatments for CAD, there exists a “technological 

imperative* whereby there is an expectation by health care consumers that something must 

be actually done in order for a 'treatment1 to be beneficial. With this awareness, it is 

understandable that respondents who were medically managed would not be “satisfied 

... that everything possible is being done to treat your chest pain, chest tightness, or angina* 

(question 6 SAQ), regardless of the appropriateness of the treatment In addition if medically 

managed respondents report more anginal frequency and less anginal stability and 

exertional capacity at follow-up compared to respondents who were revascularized they 

would also perceive that they continue to have considerable disease.

Respondents who underwent CABG surgery reported significantly more anginal 

stability, less anginal frequency, more treatment satisfaction, and less perceived disease as 

compared to respondents who underwent either a PTCA or Stent A meta-analysis of eight 

randomized controlled trials comparing CABG and PTCA treatment strategies identified a 

significant difference in re-intervention rates ranging from 3.2% for CABG vs. 34.5% for 

PTCA. As well all trials included in the analysis reported higher prevalence rates of angina in

the PTCA groups at one year.1 It is noteworthy that the studies and resulting conclusions 

upon which the above mentioned meta-analysis was based were during the pre-stent era. 

Nonetheless even though our cohort included patients who were stented, this increased 

frequency of angina was also present in our study as evidenced by the respondents in the 

CABG group having significantly higher scores (better QOL) in the anginal frequency and 

anginal stability scales as compared to the PTCA and the Stent groups. Interestingly though, 

the magnitude of the POR comparing the CABG group to the Stent group was substantially 

less than the POR comparing the CABG group and the PTCA group. Additionally, the Stent 

group did report higher scores in all SAQ scales compared to the PTCA group albeit only 

statistically significant in the treatment satisfaction dimension.
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The introduction of glycoprotein llb/llla inhibitors administered adjunctively with PCI 

procedures followed closely on the heels of the introduction of stents. Based on the results

of a number of definitive clinical trials 12-16 demonstrating significantly less angina as well 

as reduced re-intervention rates following the use glycoprotein llb/llla inhibitors, the 

interventional community widely embraced the addition of these interventional 

advancements to PCI treatments. As this sample was selected prior to these now standard 

methods of care it is possible that the PCI and CABG treatment groups of cohorts selected 

after 1998 may not report the differences in QOL noted in our study. It should also be noted 

that while stents were a treatment modality in this study, due to their novelty, they were used 

on a selective group of patients who were typically selected due to their apparent lower risk 

(high-quality coronary arteries). This may have influenced the reported higher QOL scores 

noted in the stent group.

Male respondents reported overall higher scores in all of the five QOL dimensions 

as compared to females after adjustment for treatment modality, co morbidities and clinical 

variables. It has been suggested that this noted difference in QOL between men and women

might be a result of overall patient size rather than gender.17 Further investigation into the 

association between a patient’s general size and more importantly their heart size, and the 

outcomes of treatment for CAD is warranted. A second hypothesis suggested to explain the 

male/female difference in follow-up QOL is that the disparity may be a result of variations in 

social support between genders. A comprehensive review by Toobert et a l 1® indicated the 

need to take psychosocial gender differences into account in the course of CAD. They state 

that despite a number of reports finding that being divorced and/or living alone and being 

female increased the risk for further cardiac events, research evidence on social support and 

CAD is inconclusive and more work is needed to determine how social support relates to the 

developmentand progression of CAD.
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Age demonstrated significant associations in at least one of the age categories with 

the exertional capacity, anginal frequency, and disease perception SAQ dimensions 

following adjustment In the exertional capacity dimension the youngest age quintile had the 

highest exertional capacity scores (most exertional capacity) compared to the eldest quintile 

(POR 3.37). As the age quintiles increased there was a decreasing stepwise progression of 

the POR (decreasing levels of exertional capacity) for each of the increasing age quintiles 

(53- 59 years compared to > 72 years- POR 3.33, 60-65 years compared to >72 years -  

POR 2.19 and 66 to 72 years compared to > 72 years 1.61). In other words, as age 

increased exertional capacity at one-year follow-up decreased. Interestingly, but intuitively 

understandable was the inverse relationship that was demonstrated between the age 

quintiles and the treatment satisfaction dimension. The youngest age group reported the 

lowest treatment satisfaction compared to the eldest quintile (POR 0.78) with progressively 

increasing levels of treatment satisfaction as the age quintile increased. Similar to the 

treatment satisfaction dimension, the youngest respondents reported the highest perceived 

level of disease as compared to the eldest age group. Although younger respondents 

reported more exertional capacity at follow-up compared to the eldest respondents they in 

turn reported more anginal instability, more anginal frequency, the least satisfaction with 

treatment and the most perceived disease. It would appear that the expectations of what is 

physically possible are relative to ones age, which in turn affects the expectations of medical 

care and consequently the satisfaction with that care.

Lastly, the relationship between the SAQ dimensional scores and the time period 

when the follow-up survey was returned warrants further investigation. The consistent 

pattern, that participants who completed the follow-up survey closest to the one-year 

anniversary yielded higher SAQ scores compared to participants who returned the survey at 

or greater than 16 months following the index catheterization is of interest Two potential

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



explanations include 1) the possibility that those with the most health related QOL were up 

and about and therefore filled out the form and returned it as soon as it arrived or 

conversely, 2) At one year, respondents who felt well (high levels of health related QOL) did 

not respond to the QOL questionnaire, but as time increased beyond one year post 

catheterization their health deteriorated to the point where they felt compelled to reply to the 

survey noting their physical limitations and dissatisfaction with the treatment they received.

6.6 Study Limitations

The observed differences between treatment groups may be due to residual 

confounding. Since the choice of treatment for CAD may be associated with a variety of 

demographic and clinical characteristics, we attempted to adjust for baseline differences in 

our analysis. Nonetheless, it is possible that our adjustment methods were inadequate and 

that other unmeasured confounders accounted for the observed differences. For instance 

patients waiting to undergo CABG may have attempted to improve their health in 

preparation for the surgery through diet and exercise, which may have resulted in greater 

gains in health-related QOL at follow-up. Although we cannot entirely exclude such 

unmeasured confounding, one could postulate that patients who underwent PCI or medical 

management could also have attempted to improve their overall health status as a result of 

the diagnosis at catheterization of multi-vessel CAD.

6.7 Conclusions

Cardiac care providers continue to be faced with evolving indications, techniques 

and operator experience, making it nearly impossible to define the most appropriate 

treatment option for patients with CAD. There are however recurrent themes or factors 

that are considered important in the process of selecting the most appropriate 

treatment/revascularization option for patients with multi-vessel CAD. Currently these 

factors include the age, sex, ejection fraction, coronary anatomy and the co-morbid
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conditions of the patient being catheterized. The results of this study have demonstrated 

that even when controlling for all of the above-mentioned factors, respondents who were 

revascularized either with CABG or PCI reported better QOL at follow-up as compared to 

respondents who were medically managed. These findings should provide cardiologists 

with further motivation to consider incorporating information from studies on patient 

reported one-year follow-up QOL outcome data when undertaking the complex 

therapeutic decision-making process for patients with multi-vessel CAD.
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Table 6-1. Difference in demographic data and co morbidities between eligible patients who 
returned 1-year QOL questionnaire and those who did not return questionnaire.__________
Variables Returned

(N=3243)
Not returned 

(N=952)
P value

Sex (% Female) 22.2% 20.7% 0.322

Age Category (% per Quintile)
30-57 years 25.0% 36.3%
58-65 years 25.0% 24.8%

'<0.00166-75 years 25.0% 20.6%
> 75 years 25.0% 18.3%

6.9% 6.3% 0.514
Pulmonary disease 
Cerebrovascular Disease 4.8% 5.9% 0.198
Renal Disease 1.7% 1.6% 0.849
Congestive Heart Failure 10.5% 11.4% 0.413
Dialysis 1.0% 0.90 0.844
Hypertension 53.6% 56.8% 0.081
Hyperiipidemia 47.9% 46.5% 0.442
Liver/Gastrointestinal Disease 2.9% 3.6% 0.313
Malignancy 3.3% 2.2% 0.085
Prior Myocardial Infarction 43.2% 45.9% 0.144
Peripheral Vascular Disease 7.5% 8.2% 0.495
Diabetes Mellitus 18.0% 23.7% <0.001

Left Ventricular Ejection Fraction 
>50% 58.0%

N

59.1%
<30% 4.4% 6.6%
30-50% 24.6% 25.1% ► 0.001
V-gram not done due to instability 2.7% 2.4%
Missing 10.3% 6.7%

Coronary Anatomy ^
2 Vessel Disease 37.1% 39.1% L
3 Vessel Disease 50.0% 50.0% 0.124
Left Main Disease

..... ..................... * at .  ..
12.9% 10.5% J

Treatment within 1* year following

Index catheterization
Medical Management 26.7% 35.1% I
Cabg/Valve 38.6% 32.6% r  <0.001
PCI 34.7% 32.4% J
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Table 6-2 Baseline Demographic Characteristics According to First Treatment Received 
following Catheterization.___________________________________________________
Variables PCI/STENT

N=1125
CABG

N=1252
Medical
N=866

P value

Sex ( Female %) 23.9 18.3 25.6 <0.001
Age Category (% per Quintile)

16-52 years 17.9 9.3 10.9 -
53-59 years 21.8 15.5 17.7
60-65 years 20.9 21.6 19.9 N <0.001
66-72 years 20.0 26.8 22.4
>72 years 19.8 26.7 29.8 „

Total 100.0 100.0 100.0

Variables

Pulmonary disease (%) 6.0 7.6 7.0 0.328
Cerebrovascular Disease (%) 3.4 5.8 5.4 0.017
Renal Disease (%) 1.2 2.2 1.6 0.162
Congestive Heart Failure (%) 6.6 11.8 13.9 <0.001
Dialysis (%) 0.9 1.0 1.3 0.678
Hypertension (%) 51.7 55.0 54.2 0.272
Hyperiipidemia (%) 49.4 49.4 43.9 0.020
Liver/Gastrointestinal Disease (%) 2.8 3.2 2.7 0.753
Malignancy (%) 2.9 3.5 3.5 0.695
Prior Myocardial Infarction (%) 43.2 42.5 44.3 0.700
Peripheral Vascular Disease (%) 4.7 8.9 9.1 <0.001
Diabetes Mellitus (%)
Left Ventricular Ejection Fraction

13.9 20.2 20.2 <0.001

>50% 65.3 53.4 55.2
<30% 2.7 4.0 7.2
30-50% 19.8 29.0 24.4 ► <0.001
V-gram not done due to instability 2.4 3.2 2.5
Missing 

Coronary Anatomy
9.8 10.5 10.7 J

2 Vessel Disease (%) 58.6 11.6 44.0
3 Vessel Disease (%) 39.3 58.7 48.2 L <0.001
Left Main Disease (%)

Clinical Indication for catheterization
1.2 28.3 5.0 J

Unstable angina (%) 32.9 30.8 21.2
Myocardial Infarction (%) 29.7 18.5 20.3 1
Stable Angina (%) 32.0 41.8 45.2 r  o.oo4
Other (%) 5.4 9.0 13.3 J

Second treatment prior to follow-up (% 
yes)

20.4 2.2 0.8 <0.001
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Table 6-3. Proportional Odds Ratios for Treatment, Age, Sex and Time from Catheterization to Follow-up,
Adjusted for ALL Clinical, Demographic and Co morbid Variables.__________________________________________

Variable Exertional Capacity Anginal Stability Anginal Frequency Treatment Satisfaction Disease Perception

TREATMENT

POR 95% lower 
and upper 
Cl

POR 95% lower 
and upper 
Cl

POR 95%
lower and 
upper Cl

POR 95% lower 
and upper 
Cl

POR 95% lower 
and upper 
Cl

PTCA: Medical Management 1,77 1.32-2,37 1.48 1.13-1,94 1.92 1.48-2.51 1.42 1,10-1.83 1.57 1.23-2.00
Stent: Medical Management 2.05 1.62-2.59 1.81 1.46-2.24 2.39 1.93-2.95 2.02 1,64-2.48 1.98 1,63-2.40
CABG: Medical Management 2.48 1.99-3.09 3.39 2.76-4.17 4.21 3.44-5.15 3.12 2,56-3.79 2.62 2.19-3.14
CABG: PTCA 1.40 1.04-1.90 2.29 1.73-3.05 2.19 1.65-2.90 2.20 1.68-2.88 1.67 1,31-2.14
CABG: Stent 1.21 0.95-1.54 1.88 1.49-2.37 1.77 1.40-2.22 1.55 1.24-1.93 1.33 1.09-1.61
Stent: PTCA 1.16 0.87-1.55 1.22 0.94-1.59 1.24 0.95-1.62 1.42 1.10-1.83 1.26 0.99-1.60

Sex Male: Female 3.43 2.79-4.22 1.22 1.02-1,46 1.69 1.43-2.01 1.26 1.06-1.49 1.75 1.49-2.p5

Aoe Cateaorv 3.24 2,46-4.27 0.84 0.65-1.10 0.96 0.75-1.24 0.78 0.69-1.08 0.48 0.38-0.61
3,23 2,51-4.17 0.89 0.70-1.12 1.19 0.95-1.50 0.87 0.82-1.26 0.69 0.56-0.85

16-52 years: >72 years 2.16 1.70-2.75 1.03 0.82-1.29 1.23 0.99-1.53 1.01 0.90-1.35 0.87 0.71-1.05
53-59 years: >72 years 
60-65 years:>72 years 
66-72 years: >72 years

Time from catheterization to 
FoIIow-ud

1.60 1,27-2,02 1.05 0.84-1.30 1.25 1.02-1.54 1.10 0.86-1.51 1.11 0.92-1.34

12 mths < 14 mths: 16 mths 1.33 1.06-1,66 1.23 0.99-1.53 1.24 1.00-1.54 1.21 0.98-1.49 1.27 1.05-1.53
14 mths < 15 mths: 16 mths 1.24 1,00-1.54 1.14 0.93-1.40 1.22 1.00-1.49 1.24 1.02-1.51 1.23 1.03-1.47
15 mths <16 mths: 16 mths 1.03 0.83-1.28 0.96 0.78-1.17 1.07 0.88-1.31 1.07 0.88-1.30 1.13 0.94-1.34

Highlighted areas indicated
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CHAPTER7

GENERAL DISCUSSION AND CONCLUSIONS
7.0 Overview

For many patients with multi-vessel CAD, treatment options of CABG, PCI, and/or 

medical management are all clinically feasible options. Given the increasing prevalence of 

treatment strategies as well as the lack of significant evidence regarding treatment supremacy, 

this present research addressed the QOL outcomes one year following catheterization in an 

inception cohort of Alberta patients with multi-vessel CAD.

Prior to researching this seemingly straightforward clinical question, two distinct yet 

crucial methodological issues were addressed. First, a method to replace missing data by 

enhancing clinical data with administrative data was developed and validated. Second, a 

comprehensive literature review identified that investigators may have neglected to take the 

distributional characteristics of their SAQ QOL data into consideration before applying 

parametric tests. Consequently, based on the pronounced non-normality of the QOL SAQ 

scale distributions, a comparison of 4 statistical analyses identified that the proportional odds 

ordinal regression model was the most appropriate method for analyzing SAQ QOL outcome 

data. This methodological journey facilitated the main objective of this thesis, by making it 

possible to measure and compare the QOL outcomes of patients with CAD, who underwent 

different treatment modalities while controlling for baseline clinical data.

7.1 Missing Clinical Data

Missing data are a common problem in any clinical registry, and continue to pose a 

threat to the validity of observational outcomes analyses. The APPROACH project dinicar 

data in this study yielded the same missing data issues. To contend with this concern a new 

method for data enhancement was applied. Administrative data were merged with the 

APPROACH clinical data to fill in variables where data were missing. To test the new 

enhancement method three possible responses: exclude cases with missing data; assume
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that the missing data indicated absence of risk; or merge the clinical database with an existing 

administrative database, were compared. The superior performance of the enhanced data 

model supported the use of this “enhancement" methodology for this present study.

7.2 Analyses of SAQ Data

In Chapter 4, a comprehensive literature review was done that identified all published 

studies analyzing SAQ scores, and reviewed the appropriateness of the statistical methods 

used. A total of 39 articles cited and/or used the SAQ scale. Nine studies used the SAQ as a 

QOL outcome measure in the analysis of the data (1-9). Three of those did not describe how 

the results of the SAQ were analyzed (1.4, 7). Five used parametric tests to analyze the data (2, 

3, 5, 6, 8). One study used non-parametric tests (9). Assumptions required for the use of 

parametric tests were not addressed nor was there any explicit mention of the distributions of the 

SAQ scores. The results of the review demonstrated that inappropriate analytic methods are 

employed to analyze SAQ scores.

The SAQ continues to be used with increasing frequency in clinical research to address 

the QOL outcomes of patients with coronary artery disease (CAD). A search of the Web of 

Science records identified a further 25 studies published since May 2000 that cited or used the 

SAQ scale as a QOL outcome measure. Five of those studies used the SAQ as an outcome 

measure (10-14). Similar to studies published prior to May 2000, the entire group of studies failed 

to discuss the distributions of the SAQ data. In contrast to the first comprehensive literature 

review, two of the five outcome studies (10,11) had large enough samples sizes to warrant the 

use of parametric statistics. One of the studies used non-parametric statistics (12). In light of the 

recently published studies citing or using the SAQ, the conclusion reached in Chapter 4, that 

investigators need to increase their attention to the distributional characteristics of their QOL data 

before applying parametric tests remains valid.

Chapter 5 presents four different statistical analytic strategies that were compared for 

analyzing skewed SAQ QOL data. Comparisons demonstrated that all 4 models were successful 

at fitting the data. Clearly, though, the ordinal regression model and the linear regression model
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were superior to the logistic regression models. In general it was determined that in view of the 

pronounced non-normality of the SAQ dimensional scores, there was merit to using the ordinal 

regression model.

7.3 Quality of life at one-year follow-up.

Improving QOL and functional status are primary goals in treating patients with CAD (14). 

For the overall study population, results (presented in Chapter 6) indicated that those patients 

who were revascularized either with PCI including PTCA or stents, or CABG tended to have 

better QOL outcomes at one-year following catheterization as compared to patients treated with 

Medical management The results of a Medline search completed in October 2001, of studies 

comparing QOL outcomes of patients with CAD treated with CABG, PCI and medical 

management identified one study limited to patients over 75 years of age. The results of this 

study published in The Lancet compared invasive treatments (revascularization) versus medical 

therapy in the elderly (75 years or older) (15). Similar to this study, the TIME investigators noted 

reported benefits of being revascularized and further suggested that if the coronary anatomy is 

suitable for revascularization, patients with multi-vessel disease should be offered an invasive 

assessment No other published study using patient subjective QOL outcome data comparing 

treatment modalities for CAD was identified.

Sex and age continued to play significant roles in the perception of QOL. Men reported 

better QOL at fbllow-up compared to women even after adjustment for co- morbidities and clinical 

variables. Younger respondents reported more exertional capacity at one-year follow-up, yet also 

reported the least satisfaction with treatment and the most perceived disease when compared to 

older respondents.

7.4 Strengths and Limitations of this study.

First and foremost the strongest feature of this study was the use of the APPROACH 

database. The APPROACH database captures the entire population of patients undergoing
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catheterization and treatment for CAD in the province of Alberta. Consequently we can be 

assured that the data includes the full spectrum of patients catheterized for CAD and can 

therefore be generalized to all patients who undergo catheterization and treatment for CAD in 

Alberta. Unfortunately, the fbllow-up for patients with 2 vessel disease or greater, who were 

catheterized for the first time (no previous interventions for CAD ) did not achieve a 100% 

response rate. Nonetheless, considering the size of the cohort in this study (reducing the potential 

for random error) and the level of detail of the clinical data collected at catheterization, our 78% 

response rate at one year compares favorably with previous QOL outcomes in patients with heart 

disease (14,22, 23). Furthermore, the demographic and clinical data in APPROACH for patients 

with multi-vessel disease is similar in age, sex, as well as the percentage with co-morbid 

conditions such as hypertension, diabetes mellitus, and prior infarction, when compared to the 

demographic and clinical data provided in six of the RCTs comparing patients undergoing CABG 

and PTCA (16-21).

A limitation of this study is that observed differences may be due to residual confounding. 

The choice of treatment for CAD may be associated with a variety of demographic and clinical 

characteristics, consequently, an attempt was made to statistically adjust for baseline differences 

in our analysis. Nonetheless, it is possible that our adjustment methods were inadequate and that 

other unmeasured confounders accounted for the observed differences.

7.5 Implications for Future Research

The most noteworthy finding in this study was, regardless of age, sex, co-morbid 

conditions or severity of CAD, patients with multi-vessel CAD who were treated with 

revascularization reported better quality of life outcomes at follow-up compared to those who were 

medically managed. If we accept that the risk adjustment did in fact statistically control for all 

baseline demographic and clinical differences among patients thus ‘ leveling the playing field’ , 

(25) then we can compare QOL outcomes of this cohort of multi-vessel CAD patients based on
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treatment The implication of this finding is that revascularization should be considered and 

presented as a viable option to patients with multi-vessel CAD. Future research is required to 

attempt ;o identify which variable or variables, included in the risk adjustment model, were 

predictive of medical management as the first treatment received for CAD. A better understanding 

as to the clinical factors that influence the physician's decision regarding choice of treatment may 

support or deny clinical scenarios that have been used in the past to select the treatment of 

choice for patients with multi-vessel CAD.

A number of other areas requiring further investigation were identified in this study. The 

first of these is the distributional properties of the SAQ data. The SAQ data collected in this study 

yielded highly skewed data with marked dimensional ceiling effects. With between 25% and 40% 

of patients reporting the highest SAQ dimensional scores possible, it would appear that the SAQ 

might not be discriminating sufficiently between the patients at the highest functional level. Further 

research is required addressing the number of levels available in the questions of the SAQ.

Similar to the findings of a recently published study investigating adaptations to the SAQ 

instrument (24), there were significantly more missing data in the 7*' ,8n and 9m questions of the 

exertional capacity scale of this study. This resulted in having to drop a number of cases in the 

analysis of that particular scale. Future analysis investigating methods of replacing the missing 

exertional capacity scale data are warranted.

Finally, following the risk adjustment analysis of the outcome QOL data, it was 

discovered that several important independent variables remained significantly associated with 

the SAQ scales. Specifically sex and age continued to demonstrated statistically significant 

proportional odds ratios following adjustment Further investigation is required to attempt to 

explain the sex and age differences observed in adjusted SAQ QOL outcome data.
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7.6 Concluding remarks

The primary aim of this study was to measure the QOL outcomes, specifically the 

exertional capacity, anginal stability, disease perception, anginal frequency and treatment 

satisfaction of patients undergoing different treatment for CAD while controlling for demographics, 

co-morbidities, and disease severity. Cardiologists continue to be faced with evolving indications, 

techniques, and operator experience, making it nearly impossible to define the most appropriate 

treatment option for patients with CAD. The evaluation of health-related QOL for patients treated 

for CAD is crucial particularly in light of the fact that there are diverse treatment options available 

to patients with multi-vessel disease. Disease-specific QOL outcomes are crucially important to 

determine which of the treatment modalities demonstrates the most significant improvement in 

functional status, activities of daily living, treatment satisfaction and ultimately the quality of life 

of CAD patients. This study provides an important critical and to date unmeasured facet of 

the outcome of adult patients catheterized and treated for CAD.
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APPENDIX A 

SEATTLE ANGINA QUALITY OF LIFE QUESTIONNAIRE
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The Seattle Angina Questionnaire

I .  The following is a Eat ofactivitias that pooplo often do during the weak. Although for soma 
people with several medical problems k is diflkuk to datarmine what it is that Emin tham. 
please go near tha aetiviiiaa Bawd balow aod indkate how natch Bmftatieo you Iwvo had 
doe to chaas pahs, cheat t%htnaas.ar angina goacJbgAMLfoaggkl.

Place an *  in ooa box on aach Eos

Activity
ta w ily
U n IM

Qeileafeit
Lteted

MMsnrty SNhtfy 
1 !■!»■<

NMetagU a lu l
U a M h r

CM eat da Me
actfvKr

Dressing youndf □ □ □ □ Q □
Walking indoors on 

level ground □ □ □ □ Q □

Showering □ □ □ □ □ □

Climbing a ME or a 
flight o f stain without 

stopping
□ □ □ □ a □

Gardening. vacuuming, 
or carrying groceries □ Q Q □ □ Q
W aking morn than a 
block at a brisk paea Q □ □ □ □ Q
Running or jogging Q O □ a □ □
Lifting or moving 
heavy objects (a.g. 
fomfeurat chOdrsn)

□ Q □ □ □ Q

Participating in 
strenuous sports (e.g. 

swimming, tennis) □ □ □ □ □ Q
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7. How aatisfiad an you with the onplaiiaitona your doctor bat given you about your cbaat 
pak, cheat tightness, er angina?

Not satiated Mostly Somewhat satisfied Mostlyitfitflsd Complsialy

“ o  *  □ *  a  □  “ o '

t . Overall, how satisfied era you with the currant treatment of your cheat pais, cheat 
lightness, or auglua?

Noiaatiafiad Moady Somewhat satisfied MeatiyMtisfisd Complsisly. satisfied
at all

□  □  Q  □  □
V

9. Over the pg&dJOMkl, how much has your cheat pain, cheat tightaesa, or aaglaa Bmhad 
your ogoymeot of lift?

It has extremely It has limited my It has amderaasly It has slightly It has not limited
|  V M | |g d  m m  |S g M |e 4  g m  M a i a a la a M M t  a d

( W M n H r f K t a l k  e tfo p iie fH  a b p a t t r il lift at aft
O  Q  O  ^  O

10. I f  you had to spend the rest o f your Ih  wkh your cheat pain, d iu t tightness, or aagiaa
the way it is right now, how would you ftd  about this?

Not satisfied Mostly Soawwhnt satisfied Moody aatiaflod CtonplsMy
aten dinatisftrd aatiafiad

□  Q Q Q Q

11. How often do you think or wotty that you nwy have a heart attack or dm suddenly?
I cant stop I often think or loooaaioaagy 1 rarely dank or Inaarthhdror 
thinkinger wony about if dtiakerwony worry about it worry about it 

worryumabout it about fc
□  Q Q □  Q
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2. rvMwpn-* with 4 w n b  ifn - how often do you have chat pain, chat vlg h fw . or 
angion when doing your most strenuous activities?
I  have had chat pain, chat tightness, or angina...

Much move Slightly more often About the came Slightly less often Much Isa .

3. Over tho p e  o — fri on average, how many tfanea have you had cheat pain, chest 
tightness, or angina?
I have had chat pain, chest tightness, or angina...

4 o ro n  IO  times J a ra m iM  1-2daws Lam than oaee None oar Ae past 
MrdMf M r w k h i i t t  i t f w k  Mwttk 4 wtthm

□  □  ""E f’’ Q □  □

4. Over the g u L iit lk l on average, how many times have you had to taka nitroglycerin 
(nitroglycerin tablets or spray) for your chat pain, chat tightness, or angina?
I  have taken akrogbmcrin...

4 or move 1*3 times 3 or more times l*2A na Less then once None ear As past
tuna pa day pcrday per wash but not psrwsilt a week 4wsshs

evenrdsy
Q  Q  b  Q  □  □

S. How botheraome is it for you to take your pills for chest pain, chest tightness or angina 
a  prescribed?

Extremely Quite a bit Moderately Slightly Not bothersome My doctor ha am

s r  “ “ s r  T "irig i,n i □  i* “ q p“ i

6. How satisfied are you that everything possible is bring done to treat your chat pain, chest 
tightness, or angina?

Not satisfied Mostly Somewhat
at all dissatisfied satisfiedQ □ □
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APPENDIX B 
Method of Patient Selection

VARIABLES: Source and Claesification
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METHODS

Selection of patient population

Eligible subjects included all consenting adult Alberta residents over the age of 18 

years, with CAD (Duke Coronary Index between 3 and 13), without a previous catheterization, 

referred for cardiac catheterization, from January 1,1996 and December 31, 1998, to the 

University of Alberta Hospital (Edmonton), the Royal Alexandra Hospital (Edmonton) and the 

Foothills Hospital (Calgary) who were found to have a 2 or more-vessels diseased on 

catheterization.

Collection of data

Data collection sheets were completed by the referring cardiologists and were entered by 

cardiac catheterization laboratory staff into on-site computers, linked via Ethernet to a server 

located at the University of Alberta. Data collected at catheterization includes; 

sociodemographic characteristics (sex, age, residence address and postal code), presence or 

absence of co morbidities, (renal insufficiency, hypertension, hyperiipidemia, diabetes mellitus, 

peripheral vascular disease, cerebrovascular disease, smoking status, pulmonary disease, 

liver/gastrointestinal disease, malignancy, disease specific variables (congestive heart failure, 

prior myocardial infarction, prior lytic therapy, Canadian Cardiovascular Society angina class, 

results of previous non-invasive cardiac tests), and coronary angiography results (coronary 

anatomy, extent of coronary stenosis, left ventricular ejection fraction). The treatment modality 

group was identified as the first treatment the patient received following the initial cardiac 

catheterization. Results of subsequent interventions and subsequent catheterizations were 

also collected in APPROACH. The dates and procedures of subsequent catheterizations, 

PCIs, CABGs and/or other hospitalizations were collected at one-year to validate the data as 

well as provide new data should the patients have had a procedure outside of Alberta. The 

following figure indicates the points of data collection.
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Diagnostic cardiac catheterization

FORM #1
Demographics & outcome determinants

FORM #2 
Coronary Index & referral

I . 1
|  Coronary Angioplasty 1 1 Bypass Surgery 1 

. . . . .  . -  —

FORM #3 
PTCA data

Form#4 _J 
Surgery data

lA n n u a ^ u a lit^ ^ i^ E v a lu a t io rJ

Outcome quality of life (QOL) data is collected by means of a self reported questionnaire 

mailed to patients on the anniversary of their initial cardiac catheterization. The self reported 

questionnaire includes Information regarding procedures and dates of procedures subsequent to 

their index catheterization, and the Seattle Angina Scale (SAQ), a generic health-related quality of 

life (QOL) questionnaire. Participants were provided with two options for completing the follow-up 

questionnaire. Participants could complete the questionnaire and mail it back in a stamped 

envelope or they could telephone a toll free line and verbally respond to a verbally administered 

questionnaire, which is recorded and transcribed daily. A second questionnaire was sent to non­

respondents with the same options for completion. In the case of the questionnaires being 

returned due to wrong addresses, letters were sent to the referring cardiologist to attempt to get a 

more current/correct mailing address and questionnaires were resent Finally, a third reminder 

was sent to non-responders.

Definitions of Outcomes of Interest

The outcome measures of interest were the 5 SAQ scales including 1) the exertional 

capacity scale. 2) the anginal stability scale, 3) the anginal frequency scale, 4) the treatment 

satisfaction scale, and 5) the disease perception scale.
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Description of Independent variables

The focus of this analysis was to determine if the first treatment that a patient received 

following the index catheterization was associated with the SAQ outcome scores. Index 

catheterization dates were subtracted from CABG and/or PCI dates. The treatment with the 

minimum number of days from index catheterization within a 365-day limit was used to create a 

variable that identified the first treatment a patient received following the index catheterization. 

Patients who had a CABG were coded as 1. Patients who had a PCI were coded as 2 and 

patients who had neither a CABG nor a PCI were coded as 0 indicating that they were in the 

medically managed group. Patients who had both a PCI and a CABG on the same day were 

coded in the PCI category.

Age was originally coded in years, captured at the time of catheterization. Age was re­

coded into a 5 level categorical variable by dividing the range of ages into Quintiles. This was 

done for two reasons: 1) the sparseness of outcome data, particularly in the lowest (worst) 

category of the 5 SAQ scales, and 2) certain fit statistics for ordinal models (used in the 

regression analysis) depend on aggregating data based on unique predictor and outcome 

patterns. For example all cases where the respondents have the same predictor variables are 

combined to form one cell. Age is calculated based on subtracting the participants birth date from 

their catheterization date. As a result there are very few duplicate ages. A histogram of the 

continuous age variable revealed that the distribution of age resembled a normal distribution. 

Consequently age was categorized into 5 equal categories. This categorization resulted in the 

following categories:

1. 18 years -  52 years, 2.53 years -  59 years, 3.60 years -6 5  years,

4.66-72 years and 5. Greater than 72 years.

Sex was coded as an indicator variable with males coded as 1 and females coded as 2.
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All of the comorbidities recorded at catheterization were dichotomous variables with 1 

indicating the presence of the condition, and 0 the absence of the condition.

Left ventricular (LV) ejection fraction (EF) was coded either as categorical or continuous in 

the APPROACH database. All EFs were re-coded into a categorical variable including EF >50%, 

30-50%, <30%, and not done due to instability at catheterization. This "instability” includes 

patients who were deemed too sick to have a ventriculogram done. Data were missing for 9.5% of 

respondents. Mon-parametric Kruskal-Wallis tests produced unique mean ranked scores for the 

‘missing’ EF category for each of the 5 SAQ scales. As a result the missing cases were treated as 

a separate category. This strategy was consistentwith that reported and published previously. [1] 

Data on coronary anatomy recorded in APPROACH at the time of catheterization was 

classified according to a 15 level coronary artery disease severity class index developed at Duke 

University [2].

APPROACH collects data on the clinical indication that led to the index catheterization. 

This variable is considered to be an indicator of the patient’s coronary artery disease severity. 

There were 4 categories in the clinical indication variable including in order of severity 1) 

myocardial infarction, 2) Unstable Angina, 3) Stable Angina, and 4) other.

Three new variables were created for inclusion as predictor variables. A binary variable 

labeled 'Crossover'was created whereby respondents who had had a revascularization 

procedure following their first treatment prior to completing and returning the questionnaire were 

coded as 1. Those who did not crossover to a second treatment group during that time period 

were coded as 0. A second variable ’length of time from treatment to foilow-up questionnaire’was 

calculated in days based on the belief that a respondentsQOL would be affected depending on 

when they were treated for CAD and when the questionnaire was completed. This variable was 

then categorized into: 1) < 6 months, 3) 6 months & < 9 months, 4) 9 months & < 12 months, 5) 

12 months. Finally a variable was calculated ‘time to followup’ to account for the differences in 

the measured QOL that may be due to the length of time since catheterization. This variable was
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also categorized into 5 categories: 1) returned in<13 months, 2) 14 months & < 15 months, 3) 

15 months & < 16 months,4) 16 months.

140

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table B-1 List o f Independent 
Variables
Demographics Clinical variables collected at catheterization
Age Coronary Anatomy
Sex •2  vessel disease

Comorbidities recorded at catheterization •2  vessel disease both 95%

• 1 vessel disease 95% PLAD
Cerebrovasculardisease

•2  vessel disease95% LAD
Pulmonary disease •2  vessel disease 95% PLAD

Renal disease •3  vessel disease 1-95%

Diabetes meilitus •3  vessel PLAD

•3  vessel 95% PLAD
Dialysis

•  Left main disease
Hyperlipidemia • Severe Left main disease

Hypertension Left ventricular Ejection Fraction
• EF >50%

Liver/Gastrointestinaldisease
• EF<30%

Malignancy • EF 31-50%

Peripheral vascular disease •  Unable to measure due to instability

Myocardial infarction prior to catheterization Clinical Indication for catheterization

• Myocardial Infarction

• Unstable Angina

First Treatment Received within one year following •  Stable Angina
Index Catheterization • Other

•  Medical Management

•  Coronary Artery Bypass Grafting (CABG) Post Catheterization Clinical variables

• Angioplasty Crossoverto other treatment group prior to survey
• Stent Length of time from treatment to survey

Time from original catheterization to survey return
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Statistical Analysis

All statistical analyses were conducted using SAS® version 8.2.

Scoring the SAQ

The SAQ questionnaire is scored by assigning each response an ordinal value, 

beginning with 1 for the response that implies the lowest level of functioning, and summing across 

items within each of the five dimensional scales. Scale scores are then transformed to a 0 to 100 

range by subtracting the lowest possible score, dividing by the range of the scale and multiplying 

by 100. Although the SAQ scores are transformed from ordinal scales to seemingly continuous 

scales, the distributions of the SAQ dimensional scores appear non-normal (Figure 4). 

Transformation of the data using log transformation, squared and square root transformations 

failed to normalize the distributions. Consequently, the original scores from each of the 5 scale 

scores were added together and divided by the number of questions that make up the scale to 

create a mean dimensional score for each respondent Scores were then categorized into 

quintiles.

Figure C-1. Distribution of SAQ scores (0-100 scale)
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Ordinal Regression

The proportional odds (PO) model sometimes referred to as the “ordinal logistic model’ 

was used in the analysis of the SAQ data. The PO model produces a SUMMARY ODDS RATIO 

or adjusted estimate of effect by modeling the dependence of an ordinal variable. The PO model 

is linear and additive on a logit scale. Maximum likelihood estimates are used to estimate 

summary odds ratio. Odds ratios are formed over a series of incremental cut-points with each 

cut-point the level of severity required for categorization as a case’ rather than a ‘non-case’ 

Each cut-point specific estimate is calculated using all observations in the sample at different 

dichotomization. For Example: SAQ responses categorized as 1=not limited, 2= a little limited, 

3=somewhat limited, 4= moderately limited, 5= severely limited produce the following cut-points 

1 versus 2,3,4,5 

1,2 versus 3,4,5

1,2,3 versus 4,5

1,2,3,4 versus 5

The PO model predicts cumulative probabilities for the categories and produces 

separate equations for each category of the ordinal dependent variable. Each equation then 

gives a predicted probability of being in the corresponding category or any lower category. The 

prediction for the last category is always 1 since all cases must be in last category.
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Basic form of the model

link(yj)=0j - [PiXi *PaX2 ...♦ PnXiJ

yj = cumulative probability for jth category

6j =threshold for jth category

Pi... pk = regression coefficients

X i... Xk = predictor variables

k = the number of predictors

The PO model is based on the notion that there is some latent continuous outcome 

variable and that the manifest ordinal outcome variable arises from discretizing the underlying 

continuum into j ordered groups. The cutoff values on this continuous distribution that define the 

categories are estimated by the threshold 0j. The threshold or constant in the model (like 

intercept in linear regression) depends ONLY on which categories probability is being predicted. 

The prediction part of the model ([PiXi ^ 2X2 •••♦ PkxJ) depends ONLY on the predictors and is 

independent of the outcome category.

Determining the fit of the PO models 

The -2  log likelihood change in deviance was used to examine model fit Although the -2  

log likelihood statistic may be suspect if there are a large number of empty cells, the difference 

of the log likelihood’s between the baseline model and the final model with the predictors can 

still be interpreted as a chi square distributed statistic . A significant chi-square statistic indicates 

that the model demonstrates an improvement over the baseline intercept-only model. The fits of 

the models were also assessed using a crosstabulation of the predicted outcome categories with 

the observed categories. As the models attempt to predict cumulative probabilities rather than 

category membership, two steps are involved in predicting categories. First, for each case, the 

probability is estimated by using the predictor values for a case in the model equations and 

taking the inverse of the link function. Secondly, the predicted probabilities are used to select the 

most likely outcome category for each case. For each case the predicted outcome category is 

the category with the highest probability. Finally, the test of parallel lines was examined to
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determine whether the proportional odds assumption was satisfied. The proportional odds 

assumption for modeling ordinal data suggest that the cut-point specific odds ratios are 

homogeneous and uses a chi-square statistic to compare the estimated model with one set of 

coefficients for all categories to a model with a separate set of coefficients for each category.

Multivariable analyses

Modeling was done by entering all variables into the models simultaneously. For each 

model produced during the modeling process the difference between the -2log likelihoods of the 

intercept only model and the final model were compared. The test of parallel lines will be 

examined to determine whether the proportional odds assumption was satisfied. Five ordinal 

regression models using each of the five SAQ ordinal scale scores as the dependent variables 

were constructed. The PO ordinal regression model was used to compare the summary 

proportional odds ratios of each of the four treatment categories (medical, CABG, PTCA and 

Stent) adjusted for predictor variables for each of the 5 SAQ scales.

Linear Regression Analysis

Multiple linear regression was run including all variables into each of the five models, 

Approximate odds ratios and confidence limits based on the linear regression results arise from 

viewing the proportional odds model in terms of a latent logistic error model. A crude conversion 

factor, it { 3sresid }, where sresid is the residual standard deviation, results from matching 

variances between logistic and normal distribution curves. To get a rough estimate of the odds 

ratio, the negative of the coefficients from the linear regression were divided by 10 and 

exponentiated ( (‘ul*fflu*m)'10).
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APPENDIX D
SUMMARY OF DATA FOR TREATMENT COMPARISON ANALYSIS
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Descriptive data on the study population

A total of 21,122 patients underwent a cardiac catheterization between January 1** 1996 

and December 31** 1998. 9,959 patients were sent a follow-up survey. Descriptions of the 

exclusion criteria resulting in a patient not receiving a follow-up survey can be found in Table 1.

Table D-1 Selection of Sample for Follow-up Survey from APPROACH
Inclusion /exclusion criteria Patients met inclusion criteria for sending 

follow-up survey TOTAL
No Yes

Sent -  still out 2596 (26%) 2596
Returned 7363 (74%) 7363
Out of Province 1180 1180
Deceased prior to 1 year 1403 1403
Deceased (returned notice of 258 258
death)
Not CAD 2018 2018
Consent not attained 4548 4548
Refused consent 609 609
Incorrect/incomplete address 998 998
Data updated post 1 year-died 149 149

11014 10108 21122

Of the 10108 patients who were sent follow-up surveys, 4,344 had had no prior CABG, PCI 

or lytic therapy and had 2 or more diseased coronary arteries. This group made up the analytical 

cohort for this study (Table 2). 3392(78.1%) patients responded to the follow-up survey while 952 

(21.9%) survey remained outstanding. 3243 surveys were returned completed and 149 surveys 

were returned with a notice that the patient had deceased prior to completion of the survey. 

Notification of the death occurred either through the family or the bi-annual merge with the bureau 

vital statistics.
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Table D-2. Selection of Sample for Inclusion in QOL study
Met inclusion criteria for QOL study
(no prior CABG, PCI or Lytic Therapy, 2
vessel disease or greater)

Total

No Yes
Sent -  still out 1644 952(21.9%) 2596
Returned 4120 3392 (78.1%) 7512

5764 4344 10108

Table D-3. Difference in demographic data and comorbidities between APPROACH patients
who returned 1 year QOL questionnaire and those who did not return questionnaire.
Variables Returned

(N=3243)
Not returned 
(n=952)

P value

Sex (%  Female)
Age Category (% per Quintile)

22.2% 20.7% 0.322

30-57 years 25.0% 36.3% 'i
58-65 years 25.0% 24.8%

'<0.00166-75 years 25.0% 20.6%
> 75 years 25.0% 18.3%

Pulmonary disease 6.9% 6.3% 0.514
Cerebrovascular Disease 4.8% 5.9% 0.198
Renal Disease 1.7% 1.6% 0.849
Congestive Heart Failure 10.5% 11.4% 0.413
Dialysis 1.0% 0.90 0.844
Hypertension 53.6% 56.8% 0.081
Hyperlipidemia 47.9% 46.5% 0.442
Liver/Gastrointestinal Disease 2.9% 3.6% 0.313
Malignancy 3.3% 2.2% 0.085
Prior Myocardial Infarction 43.2% 45.9% 0.144
Peripheral Vascular Disease 7.5% 8.2% 0.495
Diabetes Mellitus
Left Ventricular Ejection Fraction

18.0% 23.7% %<0.001

>50% 58.0% 59.1%
<30% 4.4% 6.6%
30-50% 24.6% 25.1% 0.001
v-gram not done due to instability 2.7% 2.4%
missing 

Coronary Anatomy
10.3% 6.7%

J
s

2 Vessel Disease 37.1% 39.1% )
3 Vessel Disease 50.0% 50.0% jB.124
Left Main Disease 

Treatment within 1* year following 
Index catheterization

12.9% 10.5% r
Medical Management 26.7% 35.1% i
Cabg/Vaive 38.6% 32.6% *0.001
PCI 34.7% 32.4% I
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Treatment Category

Of the patients who responded, 38.6% were in the CABG/Valve group, 34.7% had a PCI 

as the first treatment and 26.7% were medically managed for the first year following the index 

catheterization.

Age distribution of Patients

The Mean age of the study population at the time of the index catheterization was 64.6 

years and the median was 65.7 years, indicating a non-skewed, and fairly normal distribution. The 

ages ranged from 33.6 years to 93.1 years with 4.7% of patients being over 80 years of age. An 

analysis of the treatment category by the re-coded age category indicated that respondents who 

received a PCI were more likely to be in the youngest age category whereas respondents in the 

oldest category were more likely to have received medical management as the first treatment 

within the first year following catheterization. Those in the older age categories were also more 

likely to have received a CABG as compared to younger participants.

Sex distribution of sample

Seventy-eight percent of the sample were male while the remaining twenty-two percent were 

female. Interestingly, these distributions changed when considering the association between a 

patients age and the first treatment that they received following the index catheterization. Patients 

who received a CABG/Valve as the index treatment were 82% male, as compared to patients 

whose first treatment was PCI (76% male) or medical management (74% male).
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Table 0-4 Baseline Demographic and Clinical Characteristics According to First Treatment 
Received following Catheterization._____________________________________________
Variables PCI

N=1125
CABG
N=1252

Medical P value 
N=866

Sex (%  Female)
Age Category (% per Quintile)

37.4 31.8 30.8 <0.001

16-52 years 17.9 9.3 10.9 ^
53-59 years 21.8 15.5 17.7
60-65 years 20.9 21.6 19.9 >- <0.001
66-72 years 20.0 26.8 22.4
>72 years 19.8 26.7 29.8 J

Pulmonary disease (%) 30.4 42.4 27.2 0.328
Cerebrovascular Disease (%) 24.2 45.9 29.9 0.017
Renal Disease (%) 24.1 50.0 25.9 0.162
Congestive Heart Failure (%) 21.7 43.4 34.9 <0.001
Dialysis (%) 30.3 36.4 33.3 0.678
Hypertension (%) 33.5 39.6 27.0 0.272
Hypertipidemia (%) 35.8 39.8 24.4 0.020
Liver/Gastrointestinal Disease (%) 33.7 42.1 24.2 0.753
Malignancy (%) 30.8 41.1 28.0 0.695
Prior Myocardial Infarction (%) 34.7 37.9 27.4 0.700
Peripheral Vascular Disease (%) 21.7 45.9 32.4 <0.001
Diabetes Mellitus (%)
Left Ventricular Ejection Fraction

26.7 43.3 30.0 <0.001

>50% 65.3 53.4 55.2
<30% 2.7 4.0 7.2
30-50% 19.8 29.0 24.4 >. <0.001
V-gram not done due to instability 2.4 3.2 2.5
missing 

Coronary Anatomy
9.8 10.5 10.7 _

2 Vessel Disease (%) 58.6 11.6 44.0
3 Vessel Disease (%) 39.3 58.7 48.2 V <0.001
Left Main Disease (%)

Clinical Indication for catheterization
1.2 28.3 5.0 J

Unstable angina (%) 32.9 30.8 21.2
Myocardial Infarction (%) 29.7 18.5 20.3 |
Stable Angina (%) 32.0 41.8 45.2 0.004
Other (%) 5.4 9.0 13.3 J
Second treatment prior to follow-up 
(% yes)

20.4 2.2 0.8 <0.001
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Analysis of responders compared to non-responders

An analysis of the differences in the baseline demographic data and clinical characteristics 

of the patients who completed the survey (responders) and those with surveys that remains 

outstanding (non-responders) demonstrated few significant differences (Table 2). Compared with 

respondents, non-responders tended to be younger (age 30-37 years 36.3% versus 25.0% 

p=<0.001), have diabetes mellitus (23.7% versus 18.0% p<0.001) and have lower ejection 

fractions (EF< 30% - 6.6% versus 4.4% p=0.001). As well, non-respondents were more likely to 

have been treated with medical therapy during the first year following their index catheterization 

(35.1% versus 26.7% p<0.001).
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Table D-5. Difference In demographic data and co morbidities between APPROACH patients 
who returned 1-year QOL questionnaire and those who did not return questionnaire.______
Variables Returned

(N=3243)
Not returned 
(N=952)

P value

Sex (% Female) 22.2% 20.7% 0.322
Age Category (% per Quintile)

30-57 years 25.0% 36.3% ')
58-65 years 25.0% 24.8%

'<0.00166-75 years 25.0% 20.6%
> 75 years 25.0% 18.3%

Pulmonary disease 6.9% 6.3% 0.514
Cerebrovascular Disease 4.8% 5.9% 0.198
Renal Disease 1.7% 1.6% 0.849
Congestive Heart Failure 10.5% 11.4% 0.413
Dialysis 1.0% 0.90 0.844
Hypertension 53.6% 56.8% 0.081
Hyperlipidemia 47.9% 46.5% 0.442
Liver/Gastrointestinal Disease 2.9% 3.6% 0.313
Malignancy 3.3% 2.2% 0.085
Prior Myocardial Infarction 43.2% 45.9% 0.144
Peripheral Vascular Disease 7.5% 8.2% 0.495
Diabetes Mellitus 18.0% 23.7% <0.001
Left Ventricular Ejection Fraction

>50% 58.0% 59.1%
<30% 4.4% 6.6%
30-50% 24.6% 25.1% fb.001
V-gram not done due to instability 2.7% 2.4%
missing 10.3% 6.7% I

Coronary Anatomy _
2 Vessel Disease 37.1% 39.1% I
3 Vessel Disease 50.0% 50.0% 9.124
Left Main Disease 12.9% 10.5% J

Treatment within 1 year following
Index catheterization .

Medical Management 26.7% 35.1% I
Cabg/Valve 38.6% 32.6% *0.001
PCI 34.7% 32.4% J
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Multivariate analyafa

For the overall study population, the adjusted proportional odds controlling for demographic 

and clinical characteristics (Table D-6) indicated that those patients who were revascuiarized either 

with PTCA, Stent or CABG tended to higher scores (better QOL) on all 5 SAQ dimensions as 

compared to patients treated with medical management Patients treated with CABG tended to 

significantly higher scores in all dimensions compared to patients treated with PTCA or Stent 

although this relationship was non-significant in the exertional capacity scale.

Proportional odds ratios for all the independent variables in the 5 models are presented in 

Table 5. Men reported higher scores in all 5 QOL dimensions as compared to women. Younger 

respondents reported higher scores in the exertional capacity dimension, as well as the anginal 

frequency scale (higher scores indicate less anginal frequency) compared to older respondents. 

Conversely older patients reported higher treatment satisfaction scores as well as higher disease 

perception scores (less perceived disease) compared to younger patients.

A respondent’s left ventricular ejection fraction (EF) measured at catheterization remained 

significantly associated with the exertional capacity scale following risk adjustment As the 

categories of EF worsened (v-gram not done due to instability, 30-50%, and <30%) respondents 

reported less exertional capacity at follow-up compared to respondents with an EF of >50%. 

Interestingly, co morbidities including pulmonary disease, cerebrovascular disease, heart failure, 

prior infarction, peripheral vascular disease, and diabetes mellitus measured at catheterization 

remained significantly associated with the exertional capacity scale in the final adjusted model 

(absence of the co morbidity yielded higher SAQ dimensional scores). Respondents who underwent 

catheterization for a myocardial infarction reported statistically significant higher scores in all 5 SAQ 

scales compared to respondents catheterized for stable angina. As well, respondents who did not 

undergo a second treatment (Medical, CABG, PTCA or Stent) reported higher scores in all 5 SAQ 

dimensions. Finally respondents who completed the follow-up questionnaire closer to the one year 

anniversary of their index catheterization (categories included completion within the 12* month to 

13m month, 14** month, and 15*’ month since catheterization) reported higher scores in all 5 SAQ
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dimensions when compared to respondents who returned the questionnaire at or greater than the 

16m month following the index catheterization.
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Table D-6. Adjusted Proportional Odds Ratios of Treatment Modalities by SAQ dimensions
Treatment
comparisons

Exertional
Capacity
POR (95%CI)

Anginal
Stability
POR (95%CI)

Anginal 
Frequency 
POR (95%CI)

Treatment 
Satisfaction 
POR (95% Cl)

Disease
Perception
POR(95%C

PTCA: Medical 1.77 1.48 1.92 1.42 1.57
Management (1.32-2.37) (1.13-1.94) (1.48-2.51) (1.10-1.83) (1.23-2.00)

STENT: Medical 
Management 2.05

(1.62-2.59)
1.81
(1.46-2.24)

2.39
(1.93-2.95)

2.02
(1.64-2.48)

1.98
(1.63-2.40)

CABG/valve: Medical 2.48 3.39 4.21 3.12 2.62
Management (1.99-3.09) (2.76-4.17) (3.44-5.15) (2.56-3.79) (2.19-3.14)

CABG/Valve: PTCA 1.40 2.29 2.19 2.20 1.67
(1.04-1.90) (1.73-3.05) (1.65-2.90) (1.68-2.88) (1.31-2.14)

CABG/Valve: Stent 1.21 1.88 1.77 1.55 1.33
(0.95-1.54) (1.49-2.37) (1.40-2.22) (1.24-1.93) (1.09-1.61)

STENT: PTCA 1.16 1.22 1.24 1.42 1.26
(0.87-1.55) (0.94-1.59) (0.95-1.62) (1.10-1.83) (0.99-1.60)
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APPENDIX E
Results of Ordinal Regression Modelling;

Revascularized Treatment Groups Only
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Table E~1 Final Models Adjusting for ALL Clinical, Demographic and Co morbid Variables 
RevascularizedGroups Only________________________________________

Variable

TREATMENT

CABG:PTCA 
StentPTCA 
CABG: Stent

Sex Male: Female
AgcCsmSQC
1M 2 years :>72 years 
53-SI y ta t tp n  years 
VMS years:»72 yean 
M-72 ye m » 7 2  yews

Pulmonary Disease NO: YES 
Cerebrovascular Disease NO: YES

NO: On Dialysis
NO: renal disease no Dialysis

Heart Failure 
Hypertension

Exertional
Capacity

Anginal Stability Anginal
Frequency

Treatment
Perception

NO: YES 
NO: YES 
NO: YES

UverfGastrointestinal Disease NO: 
YES
Malignancy NO: YES 
Prior Infarction NO: YES 
Perfpfteral Vascular Diaease NO: YES 
Diabetes MeMtua NO: YES 
Election Fraction at Catheterization 
V-gram not done d/t instability:»50% 
30-50%:>50%
<J0%:>50%
Missing:>50%
Coronary Anatomy at Catheterttatlon 
2 vessel disease: Severe Left Main 
2 vessel both 95%: Severe Left Main
1 vessel 95 % PLAD: Severe Left Main
2 vessel 95% LAO: Severe Left Main
2 vessel 95% PLAD: Severe Left Main
3 vessel 1-95%: Severe Left Main 
3 vessel PLAD: Severe Left Main
3 vessel 95% PLAD: Severe Left Main 
Left Main: Severe Left Main 
Missing: severe Left Main 
Indication fo r Catheterization 
Unstable Angina: Stable Angina 
Myocardial infarction: Stable Angina 
Other: Stable Angina 
Time from treatment to  Fodow-uo

12 mths <14 mths: 16 mths
14 mths< 15 mths: 16 mths
15 mths < 16 mma: 16 mths

Second treatment before follow-up 
NO: YES

POR 98%
lower
and
upper Cl

POR 96%
lower
and
upper Cl

POR 96%
lower
and
upper Cl

POR 96%
lower
and
upper Cl

POR 96%
lower
and
upper Cl

1.48 1.07-204 208 124-282 211 1.56-267 223 1.67-3.00 1.66 127-215
1.16 0.87-1.56 1.26 0.96-1.64 1.24 0.95-1.62 1.48 1.15-1.91 127 1.00-1.61
1.18 0.92-1.52 121 1.42-233 1.68 131-214 1.46 1.16-1.84 126 1.01-1.53

3.57 2704.57 125 1.00-1.56 1.72 1.40-212 125 1.01-1.54 1.79 1.46-2-16

326 2304.52 0.75 0.54-1.02 0.92 0.68-1.26 0.74 0.55-1.00 0.43 0.33-0.56
3.93 290-6.34 0.87 0.65-1.16 1.21 0.91-1.62 0.87 0.66-1.14 0.71 0.56-0.90
2.46 1.84-327 0.92 0.69-1.21 1.17 0.89-1.54 1.05 0.80-1.37 0.88 0.70-1.10
1.62 123-214 0.90 0.69-1.17 1.08 0.83-1.40 0.94 0.73-1.21 1.02 0.82-127

1.62 1.30-282 124 0.88-1.77 1.22 0.87-1.73 1.27 0.91-1.78 1.64 1.14-2.07
1.13 0.72-1.78 1.20 0.89-1.83 1.06 0.70-1.61 1.05 0.70-1.57 1.04 0.73-1.50

2.61 0.95-7.13 0.27 0.08-1.00 0.45 0.15-1.37 0.90 0.35-214 0.50 023-1.09
1.00 0.24-4.10 0.45 0.09-236 0.41 0.10-1.71 0.88 0.25-3.18 0.69 0.23-203

223 1.55-322 1.28 0.92-1.78 1.50 1.09-207 1.11 0.80-1.54 1.24 0.94-1.65
1.18 0.97-1.42 1.03 0.86-1.24 1.06 0.88-1.27 1.07 0.90-1.27 1.07 0.92-1.25
0.86 0.71-1.03 1.08 0.90-1.30 1.01 0.84-1.22 0.93 0.76-1.11 0.85 0.73-0.99
1.12 0.65-1.92 1.06 0.64-1.75 0.92 0.55-1.53 0.92 0.56-1.52 1.07 0.69-1.65

1.01 0.59-1.71 1.10 0.66-1.83 1.14 0.70-1.86 0.80 0.48-1.33 0.95 0.62-1.45
1.21 0.96-1.52 0.94 0.75-1.24 1.10 0.88-1.37 0.99 0.80-1.23 0.94 0.76-1.12
2.00 1.37-292 0.86 0.59-1.24 0.91 0.64-1.31 1.13 0.81-1.59 1.07 0.80-1.45
1.73 1.35-222 1.10 0.87-1.40 1.19 0.95-1.51 1.06 0.84-1.33 128 1.05-1.60

0.72 0.40-1.29 1.77 0.96-3.29 1.93 1.03-3.63 210 1.164.96 1.40 0.87-227
0.76 0.59-0.95 1.06 0.84-1.33 1.13 0.90-1.41 1.05 0.84-1.30 0.89 0.74-1.08
0.62 0.36-1.04 1.54 0.88-2.69 1.20 0.71-204 1.13 0.66-1.91 0.97 0.64-1.49
0.65 0.46-0.92 0.75 0.55-1.02 0.78 0.58-1.06 1.13 0.84-1.52 1.03 0.89-1.34

1.39 0.82-238 0.83 0.46-1.42 0.90 0.53-1.56 0.85 0.50-1.44 0.79 0.51-1.24
1.40 0.87-227 0.93 0.57-1.53 0.86 0.52-1.40 0.84 0.52-1.35 0.75 0.51-1.12
2.03 1203.31 1.10 0.66-1.81 1.00 0.61-1.66 0.60 0.37-0.96 0.91 0.61-1.36
1.29 0.81-204 0.84 0.52-1.34 0.91 0.56-1.46 0.75 0.47-1.17 0.87 0.60-1.26
1.25 0.77-2.02 0.76 0.47-1.25 0.67 0.41-1.09 0.62 0.360.99 0.76 0.51-1.13
1.12 0.701.65 0.72 0.47-1.09 0.75 0.49-1.14 0.63 0.420.94 0.74 0.53-1.03
1.16 0.68-1.97 0.55 0.32-0.94 0.70 0.43-1.20 0.76 0.46-126 0.83 0.54-1.27
1.30 0.87-1.95 0.90 0.59-1.39 0.81 0.53-1.25 0.88 0.57-1.34 0.93 0.66-1.30
1.00 0.63-1.60 0.74 0.45-1.21 0.80 0.49-1.31 0.58 0.360.93 0.91 0.62-1.34
1.02 0.46-0.92 0.60 0.24-1.50 0.73 0.30-1.79 0.58 0.24-1.44 0.84 0.38-1.83

0.85 0.67-1.06 0.97 0.77-1.23 0.83 0.86-1.04 0.90 0.72-1.12 0.89 0.74-1.08
1.32 0.99-1.78 0.98 0.73-1.30 1.23 0.92-1.64 1.08 0.82-1.42 1.13 0.89-1.43
1.03 0.70-1.52 1.13 0.76-1.86 1.15 0.78-1.70 0.98 0.68-1.43 0.90 0.55-124

1.20 0.92-1.56 1.18 0.91-1.54 1.14 0.88-1.47 1.25 0.97-1.60 1.26 1.04-1.80
1.12 0.87-1.44 1.20 0.94-1.54 1.34 1.05-1.71 125 0.99-1.56 1.30 1.06-1.60
0.92 0.72-1.18 0.94 0.74-1.20 1.02 0.81-1.31 1.20 0.95-1.51 1.17 0.95-1.44

1.64 1.20-224 1.03 0.77-1.37

td  s ta t is t ic a l s ig n if ic a n c e

1.69 129-222 126 0.96-1.65 1.57 123-223
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APPENDIX F
Results of Linear Regression Analysis
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F-1 Distributional Analysis SAQ data
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Deecriptives

Statistic Std. Error
kxenionai capacity (t> Mean .̂0586-02
categories) 95% Confidence Lower Bound 2.9401

Interval for Mean Upper Bound 3.0599

5% Trimmed Mean 3.0000
Median 3.0000

Variance 1.993
Std. Deviation 1.4119
Interquartile Range 20000
Skewness -019 053
Kurtosis •1285 Iu6

Anginal stability ( 5- Mean 42108 1.939E-02
categories) 95% Confidence Lower Bound 4.1724

Interval for Mean Upper Bound 42495

5% Trimmed Mean 43088
Median 5.0000
Variance 1.129
Std. Deviation 1.0625
Interquartile Range 20000
Skewness -945 045
Kurtosis -264 089

Anginal frequency (5 Mean 4.0044 26346-02
categories) 95% Confidence Lower Bound 29628

Interval for Mean Upper Bound 40561

5% Trimmed Mean 41150
Median 50000
Variance 2196
Std. Deviation 1 4819
Interquartile Range 20000
Skewness -1.160 044
Kurtosis -251 087

Treatment satisfaction Mean 27468 2.888E-Q2
(5 categories) 95% Confidence Lower Bound 28892

Interval for Mean Upper Bound 28024

5% Trimmed Mean 28286
Median 50000
Variance 2470
Std. Deviation 15716
Interquartile Range 20000
Skewness -749 045
Kurtosis -1.088 090

Disease perception (5 Mean 29220 2656E-02
categories) 95% Confidence Lower Bound 28899

Interval for Mean Upper Bound 29741

5% Trimmed Mean 29133
Median 20000
Variance 2179
Std. Deviation 14783
Interquartile Range 20000
Skewness 099 044
Kurtosis -1.412 088
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Exertional capacity (5 categories) Stem-and-Leaf Plot
Frequency Stem & Leaf

438.00 1
.00 1 .
.00 1 .
.00 1 .
.00 1 .

394.00 2
.00 2 .
.00 2 .
.00 2 .
.00 2 .

452.00 3
.00 3 .
.00 3 .
.00 3 .
.00 3 .

432.00 4
.00 4 .
.00 4 .
.00 4 .
.00 4 .

419.00 5

Stem width: 1.00
Each leaf: 10 case(s)
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Normal Q-Q Plot of Exertional capacity (5 cate

1.0

0.0

ObMTMdVOiU*

Detrended Normal Q-Q Plot of Exertional cap
2 --------------------------------------------------------

a

a

1-

2 ‘1 
I
I _________________

0 1 2 3 4 S 6

Obsorvod Value
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Anginal stability (5 - categories) Stem-and-Leaf Plot
Frequency Stem & Leaf

52.00 1 . 0
.00 1.
.00 1.
.00 1.
.00 1.

103.00 2 . 000
.00 2 .
.00 2 .
.00 2 .
.00 2 .

824.00 3 . 0000000000000000000000
.00 3.
.00 3 .
.00 3 .
.00 3 .

206.00 4 . 00000
.00 4 .
.00 4 .
.00 4 .
.00 4 .

1818.00 5 . 000000000000000000000000000000000000000000000000

Stem width: 1.00
Each leaf: 38 case(a)
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Normal Q-Q Plot of Anginal stability (5 - cater
Detrended Norm al Q -Q  Plot o f Anginal stability ( 5 -

Obaanad Vatu*

Anginal frequency (5 categories) Stem-and-Leaf Plot

Frequency Stem & l.eaf

460.00 1
.00 1 .
.00 1 .
.00 1 .
.00 1 .

135.00 2
.00 2 .
.00 2 .
.00 2 .
00 2 .

301.00 3
.00 3 .
.00 3 .
.00 3 .
.00 3 .

303.00 4
.00 4 .
.00 4 .
.00 4 .
.00 4 .

1965.00 5

Stem width;
Each leaf; 4

4 . 0000000

5 . 000000000000000000000000000000000000000000000000
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Norm al Q -Q  P lot o f Anginal frequency (5  cate  D etrended Norm al Q -Q  Plot o f Anginal frequen
IQ Q

Observed Value

Treatment satisfaction (5 categories) Stem-and-Leaf Plot
Frequency Stem  &  Leaf

486.00 1
.00 1 .
.00 1 .
.00 1 .
.00 1 .

303.00 2
.00 2 .
.00 2 .
.00 2 .
.00 2 .

304.00 3
.00 3 .
.00 3 .
.00 3 .
.00 3 .

254.00 4
.00 4 .
.00 4 .
.00 4 .
.00 4 .

1615.00 5

Stem width:
Each leaf. 3

000000000

00000000
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Detrended Normal Q-Q Plot of Treatment satis
Normal Q-Q Plot of Treatment satisfaction (5

ao

-15

06—r—d VHu*
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Disease perception (5 categories) Stem-and-Leaf Plot
Frequency Stem &  Leaf

716.00 1
.00 1 .
.00 1 .
.00 1 .
.00 1 .

690.00 2
.00 2 .
.00 2 .
.00 2 .
.00 2 .

461.00 3
.00 z .
.00 3 .
.00 3 .
.00 3 .

565.00 4
.00 4 .
.00 4 .
.00 4 .

658.00 5

.00

00000000000000000000000000000000000000000000

Stem  width: 1.00
Each le a f 15 case(s)

Detrended Norm al Q -Q  R o t o f D isease percep

Normal Q-Q Rot of Disease perception (5 categoric:

OMwvadVakM
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Table F-1 Odds Ratios and 95% Confidence Intervals for Unear Regression Models
Variable Exertional Anginal Stability Anginal Treatment Disease

Capacity Frequency Satisfaction Perception

POR POR 95% PO 95% POR 95% POR 05%
lower and lower R lower lower lower

TREATMENT upper Cl and
upper Cl

and
upper Cl

and
upper Cl

and
upperC

PTCA:MED 1.04 1.02-1.06 1.02 1.01-1.04 1.05 1.03-1.07 1.03 1.01-1.05 1.04 1.02-1X
STENT:MEOiCAL 1.05 1.03-1.04 1.03 1.02-1.04 1.07 1X6-1.00 1.06 1X4-1.08 1.05 1.04-1X
CABQ:MEDICAL 1.08 1.05-1.08 1.06 1.05-1.07 1.11 1.00-1.12 1.10 tX 6 -1 .il 1.06 1.06-1X
StentzPTCA 1.01 0.90-1.03 1.01 1.00-1.02 1.02 0.84-1.22 1.03 1X1-1.05 1.02 1.00-1.0
CABG:PTCA 1.02 1.00-1.04 1.04 1.03-1.06 1.05 1X3-1.07 1.06 1.04-1.00 1X4 1X2-1.0
CABG.STENT 1.01 1.00-1.03 1.03 202-1.04 1.03 1.02-1.05 1.03 1.02-1.05 1.02 1.01-1.0

Sea Male: Female
Ago .Comoot

1.00 1.07-1.10 1.01 1.00-1.02 1.04 1.03-1.05 1.02 1.01-1.03 1.05 1.03-1.0

16-52 yeaiK>72 year* 1.08 1.06-1.10 0.99 0.98-1.00 1.00 0.98-1.02 0.98 0.96-1.00 0.94 0.93-0.9
53-69 years :>72 yearn 1.06 1.07-1.10 0.99 0.98-1.01 1.01 0.99-1.03 0.99 0.97-1.01 0.97 0.9641.9
60-65 yaanp72 yearn 1.06 1.04-1.07 1.00 0.99-1.01 1.01 0.99-1.01 1.00 0.96-1.02 0.99 0.97-1.0
66-72 yeare:>72 years 1.03 1.02-1.05 1.00 0.99-1.01 1.01 0.99-1.01 1.01 0.99-1.02 1.01 0.99-1.0

Pulmonary Diaeaae NO: YES 1.05 1.02-1.07 1.01 1.00-1.03 1.01 0.99-1.03 0.99 0.97-1.01 1.02 1.00-1.0
Cerebrovascular Oiseaee NO: YES 
Renal Disease

1.03 1.00-1.05 1.01 0.99-1.02 1.01 0.99-1.04 1.01 0.99-1.04 1.01 0.99-1.0

NO: On Dialysis 1.00 1.02-1.14 0.99 0.95-1.03 0.98 0.98-1.04 1.01 0.96-1.07 0.98 0.98-1.0

Heart Failure NO: YES 1.04 1.02-1.06 1.01 0.99-1.02 1.01 0.99-1.03 0.99 0.97-1.01 1.01 1.00-1.0
Hypertension NO: YES 1.01 0.99-1.02 1.00 0.99-1.01 1.00 0.99-1.01 1.00 0.99-1.01 1.00 0.99-1.0
Hyperllpidemia NO: YES 0.99 0.98-1.00 1.00 0.98-1.01 1.00 0.99-1.01 0.99 0.98-1.01 0.99 0.98-1.0
UverfGaatrointeetinal Disease NO: YES 1.01 0.98-1.04 1.00 0.98-1.02 1.01 0.98-1.04 1.00 0.97-1.03 1.00 0.97-1.0
Malignancy NO: YES 0.99 0.98-1.02 1.01 0.99-1.04 1.00 0.97-1.03 0.99 0.96-1.02 1.00 0.97-1.0
P rior Infarction NO: YES 1.02 1.00-1.03 1.00 0.99-1.01 1.01 1.00-1.02 1.00 0.99-1.02 1.00 0.99-1.0
Peripheral Vascular Disease NO: YES 1.04 1.02-1.06 0.98 0.97-1.00 1.00 0.96-1.02 1.01 0.98-1.03 1.00 0.98-1.0
Diabetes MeilKus NO: YES 1.03 1.02-1.05 1.01 1.00-1.02 1.02 1.01-1.03 1.00 0.99-1.02 1.02 1.00-1.0

Election Fraction at Catheterlastion

V-gram not done d/t instability:>50% 0.97 0.95-0.98 1.01 0.99-1.04 1.01 0.98-1.04 1.04 1.00-1.08 1.02 0.99-1.0
30-50%:>50% 0.98 0.93-1.00 1.00 0.99-1.01 1.04 1.03-1.05 1.00 0.98-1.01 0.99 0.98-1.0
<30%:>50% 0.95 0.97-1.00 1.01 0.99-1.03 1.01 0.98-1.04 1.00 0.97-1.03 0.99 0.96-1.0
Missing:>50% 0.96 0.93-0.98 0.98 0.99-1.02 0.97 0.97-1.00 0.98 0.98-1.02 1.00 0.98-1.0

Coronary Anatomy at Catheterization

2 vessel disease: Severe Left Main 1.03 1.00-1.07 1.01 0.99-1.03 1.01 0.98-1.04 1.00 0.97-1.03 1.00 0.97-1.0
2 vessel both 95%: Severn Left Main 1.03 1.00-1.06 1.01 0.99-1.03 1.02 0.99-1.04 1.01 0.98-1.04 0.99 0.97-1.0
1 vessel 95 % PLAD: Severe Left Main 1.04 1.01-1.07 1.02 1.00-1.04 1.02 0.99-1.04 0.98 0.95-1.02 1.00 0.97-1.0
2 vessel 95% LAD: Severe Left Mam 1.02 0.99-1.05 1.00 0.98-1.02 1.00 0.96-1.03 1.00 0.97-1.03 0.99 0.96-1.0
2 vessel 95% PLAD: Severe Left Main 1.02 0.99-1.05 1.00 0.98-1.02 0.99 0.98-1.02 0.99 0.96-1.02 0.98 0.96-1.0
3 vessel 1-95%: Severn Left Main 1.00 0.98-1.03 1.00 0.98-1.01 0.99 0.97-1.02 0.99 0.96-1.01 0.98 0.96-1.0
3 vessel PLAD: Severe Left Mam 1.00 0.97-1.03 0.98 0.96-1.01 0.98 0.95-1.01 0.98 0.95-1.02 0.98 0.95-1.0
3 vessel 95% PLAD: Severe Left Mam 1.01 0.98-1.03 1.00 0.99-1.02 0.99 0.97-1.02 0.99 0.97-1.02 0.99 0.97-1.0
Left Mam: Severe Left Main 1.00 0.97-1.03 1.00 0.96-1.02 1.00 0.97-1.02 0.98 0.95-1.01 1.00 0.97-1.0
Missing: severe Left Mam 1.06 1.01-1.11 1.03 0.99-1.06 1.05 1.00-1.10 1.01 0.96-1.06 1.01 0.96-1.0
Indication foe Catheterization

Unstable Angina: Stable Angina 1.00 0.98-1.01 1.00 0.99-1.01 0.99 0.98-1.00 1.00 0.99-1.02 1.00 0.98-1.0
Myocardial Infarction: Stable Angina 1.03 1.00-1.02 1.01 1.00-1.02 1.03 1.01-1.04 1.02 1.00-1.04 1.02 1.00-1.0
Other Stable Angina
Time from treatment to  Fonow-un

1.01 0.99-1.03 1.00 0.99-1.02 1.10 1.06-1.12 1.00 1.00-1.03 1.00 0.98-1.0

12 mths< 14 mths: I6m ths 1.02 1.00-1.03 1.01 1.00-1.02 1.02 1.00-1.03 1.01 1.00-1.03 1.02 1.00-1.0
14m ths<15m ths: 16 mths 1.01 1.00-1.03 1.01 1.00-1.02 1.01 1.00-1.03 1.02 1.00-1.03 1.01 1.00-1.0
IS  mths <16 mths: 16 mths 1.00 0.99-1.02 1.00 0.99-1.01 1.01 0.99-1.02 1.00 0.99-1.02 1.01 1.00-1.0

Second treatment before follow-up NO: 
YES

1.04 1X1-1.06 1.00 0.99-1.02 1X4 1X2-1.06 1.02 1.00-1X4 1.03 T X I-tX

Highlighted areas indicated statistical significance
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