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Predicting Outcome in
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Although there is considerable research o support the
benefits of regular exercise for patients afier myocardial
infarction, many of us have been puzzled by the lack of
objective training benehits in certain patients (1). ldentilica-
tion of patients who might benefit mose from an exercise
program oF be at risk of harm has several important clinical
implications, particularly in relation to disability and reim-
bursement. Early studies suggested that patients with poor
left ventricular function were least likely to benefit from
training because of their inability to increase cardiac output:
however, recent research has yielded evidence to the con-
trary (2,3). Concerns have also been raised regarding the
dangers of exercise therapy for patients with silent myocar-
dial ischemia (4) and patients with anterior Q wave myocar-
dial infarction (5). However, recent investigations of silent
ischemia have allayed exaggerated concerns regarding risk.
demonstrating better survival and milder disease in such
patients compared with those with angina (6). In fact,
patients with silent ischemia may benefit most from training
programs, becavse they can exercise (o higher levels than
can patients with angina and perhaps can develop better
collateralization (7). In addition, radionuclide data from our
laboratory (8) and Duke University (3) in patients with
congestive heart failure indicate that infarct expansion is an
unlikely ouicome of exercise training. Previous efforts to
quantify training success among heterogenecous patients with
coronary artery disease have been largely unsuccessful (9.10).

The current study: quantifying predictors of training suc-
cess, In this issue of the Journal, van Dixhoorn et al. /1{)
have quantified predictors of training success with clir..cal.
exercise and psychosocial variables. With use of multivari-
ate techniques, training success or failure was correctly
classified 81% and 85% of the time, respectively. The
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authors were remarkably accurate in predicting success and
futlure of rehabilitation, perhaps by being the first to include
psychosocial data, which contributed significantly to the
prediction of training failure. although not to prediction of its
benefit.

However, this stucy appears to raise more questions than
it answers: 1) Can “‘success™ be defined on the basis of a
single outcome measure? This approach seems inappropri-
ate., because there are many goals of cardiac rehabilitation
(12). 2) Because many of the benefits of an exercise program
are intangible. is it valid 1o dichotomize success and failure?
Does the absence of benefit as dictated by one measure
wnply failure of the program? 3) Should dropouts be consid-
cred “lailures™ even if they successfully veturn 1o work or
activities of daily living? 4) How well are psychosocial data
quantificd with use of questionnaires? Difficulties in quanti-
fying and reproducing quality of life assessment (13) make
validity of the findings of van Dixhoorn et al. (11) debatable.
51 Shovldn’t the 35% of patients who fall into a “*no change”
category e considered successes, because they are not
disabled by their myocardial infarction? 6) What characier-
izes the patients whose condition deteriorates despite a
training program? How does the natural course of disease
affect attempts to predict oucome? 7) Should oulcome
measures be forced into dichotomous categories after only 5
weeks of rehabilitation when benefits of rehabilitation may
occur later?

Previous studies. Fioretii et al. (10) addressed these is-
sues in 141 consecutive patients who completed 3 months of
training after myocardial infarction. Predischarge clinical
data, left ventricular ejection fraction at rest and exercise-
induced angina or ST segment depression were not predic-
tive of exercise capacity. There was no significant correla-
tion between the change in exercise capacity and initial
exercise capacity. Diedericks et al. (14) trained 27 men 3 to
6 months after myocardial infarction. One year after infarc-
tion. t chinical and psychologic variables were studied by
multivariate regression analysis to determine predictors of
exercise performance, The two most important determinants
of exercise capacity after the year were exercise capacity at
3 months after infarction and the expectation of return to
work (r = 0.76 and 0.42, respectively). Because changes in
exercise capacily over the year were not evaluated, the
study of Diedericks et al. (14) does not help to determine
“training’’ success. Like the findings of van Dixhoorn et al.
(11), however, it suggests that the addition of psychosocial
data may coniribute o determining the variance in training
success,

Sullivan et al. (3) studied 12 paticnts with chronic heart
failure and reported no relation between changes in maximal
oxygen uplake after training and baseline rest or peak
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exercise ejection fraction, stroke volume, cardiac output,
systemic or leg arteriovenous oxygen difference, oxygen
uptake or femoral vein oxygen saturation. Hammond et al.
(9) reported that of 60 clinical, exercise and radionuclide
variables tested, the best predictor of improvement in exer-
cise performance after | year was low initial exercise capac-
ity. The findings of a recent report by Ades et al. (15)
contrasted with those of Hammond et al. (9), suggesting that
the magnitude of the training etfect was markedly reduced in
patients with ischcmia (angina, ST segment depression, or
both, during baseline exercise testing) versus patients with
no evidence of ischemia (10% versus 28% improvement in
maximal oxygen uptake after training in the ischemic and
nonischemic groups. respectively).

Two points from these studies are worth emphasizing,
First, it appears to be difficult to predict which patients with
heart failure or coronary artery disease may benefit from
training. Second, those patients we intuitively think would
benefit the most from rehabilitation, that is, those with the
poorest initial exercise capacity, did so in the study of
Hammond et al. (9), but not in the study of van Dixhoorn et
al, (11). Although maximal work capacity as a percent of that
predicted for age was nearly a significant predictor of suc-
cess in the latter group (p = 0.06). the absolute value of the
initial exercise capacity was not a determinant of training
success. Thus, rehabilitation programs that commonly select
only the healthiest postmyocardial infarction patients for
entry into training may exclude those who might benefit the
most (i.e., those with the poorest initial exercise capacity).

The concept that enrollment in cardiac rehabilitation
programs could be accomplished with use of clinical or
psychosocial factors to predict outcome is provocative.
Cardiac rehabilitation is commonly defined as the process by
which a patient with cardiovascular disease is restored to
optimal physical, medical, physiologic, social, emotional,
vocational and economic status (12). Therefore, for each
candidate an estimate must be made of the physical demands
of hi< or her expected occupational and recreational activi-
ties after recovery, Whether a given patient is capable of
meeting the physical demands should be determined on the
basis of the results of an exercise test. Because cardiac
rehabilitation can be expensive and involves a certain risk.
the idea that effort, money and risk could be saved when a
low likelihood of benefit is predicted on the basis of initial
data is intriguing. However, exercise criteria alone are not
sufficient to assess the effectiveness of rehabilitation. A lack
of physical benefit should not imply an absence of voca-
tional, social or psychologic benefit. If the likelihood of
physical training benefit could be accurately predicted as
being low in a given patient, one option would be to focus
rehabilitation on psychosocial issues, such as retura to
work, and educational issues. such as risk factor reduction.
Although van Dixhoorn et al. (11) provide some baseline
data, more studies are clearly needed to determine whether
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certain factors accurately indicate predisposition to success
or failure of exercise training.

Physiologic benefits that accompany exercise training
after myocardial infarction are now well accepted. As insui-
ance reimbursement for cardiac rehabilitation in the United
States becomes of greater concern, factors that determine
success or failure of exercise programs should be investi-
gated in future trials. van Dixhoorn et al. (11) suggested that
psychosocial variables may add to the prediction of success
or faifure of training after myocardial infarction. Because,
with some notable exceptions (16-18), previous studies
describing improved psychosocial status before and after
cardiac rehabilitation have generally not been randomized or
controlled, such studies are aceded to confirm the curremt
observations,

Current status of cardiac rehabilltation. Rehabilitation of
the paticnt with heart disease has changed greatly over the
last 30 years. In 1956 it was recommended that after myo-
cardial infarction **patients should be confined to bed at once
and remain there three to six weeks, or longer . . ."" (19).
Approximately 10 years later, the first English language
reports (20-22) of the effects of training for patients with
heart discase were published. The 1980s brought an abun-
dance of studies on the effects of rehabilitation programs that
us¢ more sophisticated techniques to document training
benefits (3.5.8). Whether these benefits can be attributed to
central cardiac changes or solely to peripheral adaptations
remains unclear, as does the effect of rehabilitation on
mortality. Difficulties in study design (lack of randomization,
lack of control groups and inadequate study group size) have
precluded definitive conclusions concerning mortality. Al-
though the National Exercise and Heart Disease Project
reported a 37% decrease in mortality among patients ran-
domized to an exercise program, this decrease was not
statistically different from that in the control group. This
issue was reviewed with use of meta analytic techniques
tiiree times in the 1980s. May et al. (23) reviewed various
interventions after myocardial infarction and by combining
studies reported a significant 19% decrease in cardiovascular
mortality associated with an exercise program. These data
suggested that exercise training was equally as beneficial as
beta-adrenergic blockade and more effective than anticoag-
ulation and platelet-active drugs. Later, Oldridge et al. (24)
and O'Connor et al. (25) combined the randomized exercise
trials of the 1970s and 1980s (including >2,000 patients) o
evaluate the efficacy of secondary prevention after myoc-s
dial infarction. Significantly lower pooled odds ratios of 0.75
(95% confidence interval 0.62 to 0.93) and 0.78 (95% confi-
dence interval 0.63 to 0.96) were reported for cardiovascular
mortality in the exercise groups for the studies of Oldridge et
al. (24) and O’Connor et al. (25), respectively.

The United States Department of Health and Human
Services, whose reports determine health care coverage
under Medicare, released a report on cardiac rehabilitation
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in 1987 (26). This report concluded that cardiac rehabilitation
is safe and efficacious in improving the cardiovascular and
psychosocial status of patients with heart disease. Despite
this favorable report, an inconsistent approach to reimburse-
ment continues to hinder many patients from participation in
cardiac rehabilitation. Because of variable or minimal insur-
ance coverage for cardiac rchabilitation programs, many
patients are unable to obtain this treatment. As more pa-
tients benefit from new therapeutic modalities. there are
more survivors needing rehabilitative services. The study of
van Dixhoorn et al. (11) provides a provocative basis for
further studies to determine which patients can benefit most
or are at risk of harm from exercise raining programs.
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