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Cardiac rehabilitation consists of exercise, psychosocial sup-
port and education and is preseribed most often for patients with
coronary heart disease. Its purpose is to facilitate readaptation to

normal life through the achi of capar
bility and to reduce heart disease risk rsclnrs It began historically
with prog after farction and by

1989 beume a standardized inpatient therapy performed accord-
ing to a stepped procedure. Predischarge exercise testing was
added and has become a meaningful contribution 1o the concept of
risk stratification after an acute coronary event, Rehabilitation
has subsequently become part of the outpatient environment and
is delivered by multiple models, Meta-analyses have shown that
rehabilitation reduces overall and cardiovascular deaths by about
20% and sudden death by about 37% during the year after an
acute myocardial infarction, The significance of this, however,

must now be modulated by the dynamic role of agpressive
coronary intervention. Selection for such intervention has become
an important adjunctive aspect of rehabilitation. Newer “ndings
suggest that those stratified at low risk will benefit most by the
modification of coronary risk factors, and that patients previously
thought te be poor candidates for rehabilitation (such as those
with significant left ven!ricullr dysfunction and Jow work capac-
ity) may | relative fi 1 benefit. Beyond
risk stratification, important contemporary issues include surveil-
lance of patients after angiopiasty, the effectiveness of rehabilita-
uon in tlne ammmum or reversal of both native and vem grnﬂ
and ion of such

end points as quality of life and economic evaluation,

(J Am Coll Cardiol 1993;21:822-34)

In the minds of many cardiologists, cardiac rehabilitation is
suborcinated to more aggressive cardiovascular therapeu-
tics. tlistorically, rehabilitation derived from the concept of
early mobilization after acute myocardial infarction. This led
to the belief that the primary purpose of rehabilitation was
exercise conditioning. The aim of this review is to trace the
evolution of the technique and explain how it has evolved far
beyond exercise conditioning to include risk stratification,
quality of life and life-style modification, Cardiac rehabilita-
tion, through its effects on the dynamics of cardiovascul

formation of ventricular aneurysm, heart failure, cardiac
rupture and sudden death (1).
In the late 19305 Mallory and assoclates (2) described the
i of farction as a process
maturing over 6 weeks l‘rom initial ischemic necrosis 1o
formation of a stable scar. This time characterization of
infarct evolution reinforced the prevailing clinical practice of
strict bed rest for 6 to 8 weeks after acute myocardial
infarction. Activities defined as strenuous, such as stair

function and on coronary disease risk factors, is integral to
the treatment of most cardiac conditions and should accom-
»eny other contemporary modes of cardiac therapy.

Milestones of the Past

Early mobilization after myocardial infarction. After the
clinical description of myocardial infarction by Herrick in
1912, patients were generally confined to bed rest for 2
months. The fear was that physical activity would lead to the

werer
indefinitely. Return to a normal life-style, including resump-
tion of gainful cmployment, was rare.

By the late 1940s, studies that questioned the efticacy of
prolonged bed rest appeared (3,4). Levine and Lown (5,6)
advocated the use of chair thcrapy as an alternative to
prolonged bed rest. The proposed rationale was that the
dependency of the lower limbs led to reduced venous return,
a decreased stroke volume and a reduction of cardiac work.
The belief of these investigators that sitting decreased car-
diac work was slightly erroneous because this position
results in a smailer # in oxygen ion than
does the supme position. However, this added energy re-

limbi  for protracied periods, sametimes

From the Department of Cardiology, The Cleveland Cliric Foundation,
Cleveland, Ohio.
Manuscript received December 23, 1991; revised manuscript received
May 11, 1952, accepted July 23, 1992,
o : Fredric J. Pashkow, MD, Department of
Cardiology, Desk F15, The Cleveland Clinic Foundation, 9500 Euclid Ave-
nue, Cleveland, Ohio 44195,

©1993 by the American College of Cardiology

q is minimal and is more than offset by the advan-
tages of early mobilization, Nevertheless, the chair therapy
of Levine and Lown was one of the first departures from the
practice of strict bed rest.

Newman and coworkers (7) defined early ambulation as
3 to 5 min of walking twice daly beginning 4 weeks after
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infarction. Brummer and colleagues in 1956 {8) were among
the first to report on the use of early ambulation within 14
days of the acute event. In 191 Cain and associates (8a)
reported on the efficacy and safety of an carly graded activity
program. Thereafter, clinicians gradually became aware that
early mobilization might not be harniful and, in fact, could
avoid some of the complications of bed rest. such as pulmo-
nary embolism and d ditioning (9). Sut studies
have shown that the adverse hemodynamlc effects of bed
rest are related to the disorganization of the aormal
response to gravity (10) and are not related 1o alterations in
sympathetic or pressor r (11) or to muscular decon-
ditioning as such.

Ceincident shortening of hospital stay. By the late 1960s,
3 weeks of hospilalization after myocardial infarction was
routine in the U.S. The early 1970s saw a flurry of research
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Table 1. Characteristics of Low, Intermediate ard High
Risk Patients

Low risk patients
After p coronary
=7.5 METs 3 weeks after an ischemic event
No ischemia, left ventricular dysfunction or significanl arrhythmia
Intermediate risk
=7.5 METs 3 weeks after an ischemic event
Angina or 1- to 2-mm ST segment depression wilh exercise
Perfusion or w~1l motion abnormalities with stress
History of congestive heart Failure
More than mild but fess than severe left ventricular dysfunction
Late potentials present on signal-averaged elechrocardiogram
Nonsustained ventricular arthythmia
Inability to self-monitor exercise or comply with exercise prescription
High risk
Severe felt ventricular dysfunction
.5 METs 3 wexks after cardiac event

related to early mobilization. particularly in England and in
countries where the cost of hospitalization had alrcady
become a major social welfare issue. Groden et al. (9) and
others (12,13} demonstrated the similarity in the outcome
and safety of early ambulation therapy, but the studies were
not prospective or randomized. Controlted -tudies of early
ambulation by Boyle and Lorimer (14) and others (15-17}
revealed no significant difference in the occurrence of an-
gina, reinfarction, heart failure or death. Bloch et al. (16)
found greater disability up to 1 year later in patients who had
not fiad early mobilization.

Ahraham and colleagues (17) found that early ambulation
was b of i such as angina or
congestive heart failure during the carly infarction period;
they also found that morbidity and montality were much
higher in patients vith a complicated than in those with an
uncomplicated course (1). The most importart clinical pre-
dictors for plications were prior my dial inf:
and congestive heart failure or cardiogenic shock (1), 1t is
now believed that ambulation should be deferred in these
patients until they have been stabilized medically and then
increased gradually under close observation (18). Table 1
summarizes criteria for later classification of patients at low,
intermediate or high risk.

As early ambulation was increasingly applied, it evolved
into what we currently define as phase I or inpatient cardiac
rehabilitation (19), Wenger et al, (19) did much to systemize
the technique and to promote it for clinical use. Activities
performed in the coronary intensive care unit were limited to
2 METs. The MET (metabolic equivalent) describes totai
oxygen requirements by the bady (1 MET = 3.5 ml O,
consumed/kg body weight per min). In general, METs cor-
relate with myocardial oxygen demand, but the relation
varies according to the type of activity. Upper limb activities
or isometric activities may invoke nigher myocardial oxygen
demands than do lower limb activities. Activities that re-
quire fewer than 2 METSs include sclf-care activities, such as
bed bathing, use of a bedside commode, chair sitting and
passive and active range of motion. This portion of the

Exercise-induced (215 mm Hg}
Exercise-induced ischemia >2-mm ST segment depression
Ischemia induced at low levels of eaercise

Persistence of ischemia after exercise

Sustained ventricular arthythmia. spontaneous or induced

METs = metabolic equivalents.

experience usually is supervised by the uni: nursing staff but
i involves a specialized rehabilitation team (20).
Formalization of phase I. Once transferred from the cor-
onary care unit, the rehabilitation specialisis usually super-
vise the activity regimen. They may be nurses, physical or
occupational therapists or exercise physiologists with spe-
cial training and experience (20). Surveillance of the re-
sponse to early ambulation is facilitated by the use of
diographic (ECG) monitoring (19).
Untoward responses 1o activity include dyspnea, ischemic
chest pain, arrhythmia of a disproportionate heart rate
response o exercise (21) ST segmem abnormalities during
ambulation by may
be misleading and require cnnﬁrmavmn by 12lead ECG
recordings. The postexercise heart rate should remain within
20 beats/min of the rate at rest, and blood pressure should be
within 20 mm Hg (1). A decrease in systolic blood pressure
of 215 mm Hg below the baseline value at rest is worrisome.
The inability to maintain or increase systolic pressure with a
low work load suggests compromised pump function that
may reflect either exiensive intrinsic damage or large
amounts of myocardium u.der ischemic stress. Any one of
these findings warrants clinical reassessment. An appropri-
ate responsc lo a given level of activity indicates that the
patient can be advanced safely to activities of greater inten-
sity (19).
The major goal for the physical activity portion of the
phase 1 program isto condmon the patient for the exertional
quired after disch (22). This is a reasonable
task because most activities of daily living in the home
cenvironment require less than 4 METSs. Stair climbing skould
be monitored and supervised until competency and safety
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are confirmed. Historically, activity was prescribed in rather
rigid steps, and the MET levei of each step was tied closely
to the time elapsed after the event. Several early ambulation
protocols defining from 7 to 14 steps are available ((,21). The
exercises prescribed were correlated with various activities
of daily livieg and educational and recreational activities.

Currently we advocate individualized exercise therapy by
supervnsmg progress closely with apprnpnale alterations in
, lime and di . progress
occurs in fractlons uf a MET and because patients may be
fatigued from concurrent medical procedures or other activ-
ities, individualization seems suitable. Defined activity for-
mats are useful where cardiac rehabilitation is not performed
by specialists. Such formats provide an activities template
and eliminate the need to write specific daily activity orders
for every patient (21).

With time, the limits of activity have been extended
safely, and from the mid-1970s to the mid-1980s, the length
of hospital stay was shortened from 14 to approximately 10
days (23,24). Currently, length of stay for uncomplicated
infatction in the U.S. is 6 to 7 days. This reduction has
significant implications for outpatient rehabilitation pro-
grams.

Risk Stratification After
Myocardial Infarction

Predischarge exercise testing. Exercise testing is impor-
tant in assessing the status of patients who recover from an
acute myacardial infaretion (25). It is especially useful for
assessing and reassuring patients about their ability to return
to work and normal recreational activities (22). Early studies.
(26,27) of exercise testing demonstrated the feasibility and

Electrophysiologic Testing

Exercise Testing

L tion of patients after myocatdial in~
farction. Reproduced with permis-
sion from Wenger NK: Risk
stratification after myocardjal infarc-
tion. Myocardium 1988;i(i):3-7.
©1988, PW Communications Inter-
national, a division of Physicians
World Communications Group. All
rights reserved, ECG = elecirocar-
diogram; LY = left ventricular.

Signal-Averaged and

Medical therapy/
Reassessment

Clinical Course

safety, as well as its ability to predict the risk of occurrence
of angina, recurrent myocardial infarction and death after
infarction (28-30). Early exercise testing contributed to the
developing concept of risk stratification and the recognition
of the need for further intervention. As outpatient rehabili-
tation programs have come into being, the graded exercise
test, even when performed before discharge, has become a
prerequisite first step.

Originally, exercise tests were performed to a leve! that
approximated the degree of physical activity achleved during
the latter days of hospitalization and were stopped on the
basis of fixed end points, usually by heart rate or MET level
(27). Even early studies showed that selected patients can be
tested safely to symptom- or sign-limited end points (28,31).
Currently, a heart rate of 130 beats/min or § METs is ussd
for patients >40 years old, and 140 beats/min or 7 METs is
uscd for patients <40 years old. A perceived exertion level
(32) of 7 of 10 (new scale) or 15 of 17 (o!d scale) can alsc be
used to end the test.

Evolution of risk stratification, Three factors virtuatly
determine the prognosis of any patient after myocardial
infarction: the amount of residual myocardium at risk, the
extent of left ventricular dysfunction and the arrhythmic
potential of the cardiac substrate. Predischzrge risk stratifi-
cation is intended to recognize persons at risk for death or
reinfarction and those at low risk who need only conven-
tional therapy to achieve a good prognosis (33).

During the 1980s, therapies for particular subsets of
patients improved the survival rate after acute myocardial
infarction (34). Predischarge exercise ECG testing may help
identify those patients who might experience ischemically
mediated events, such as subsequent infarction, and who are
canidates for more aggressive interventions such as surgi-
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cal revascularization (35). Figure | elaborates a simple
scheme for risk stratification after myocardial infarction.

Topol et al. (36) established that submitting patients who
are recovering from an acute infarction to exercise testing
actually may expedile and optimize their discharge from the
hospital. Early submaximal exercise testing is useful in
evaluating patients with unstable angina for the presence of
multivessel coronary artery disease after their condition has
stabilized (37).

Predischarge low level exercise testing predicted subse-
quent events better than 4 submaximal test performed after
myocardial irfarction at 6 weeks. Almost 20% of patients
tested early were unable to undergo testing 6 weeks after-
ward becausc of recurrent ischemia, infarction or death (38).
Krone and colleagues (39) confirm that just performing a
predischarge study is associated with a |09 lower mortality
rate and a lower incidence of subsequent coronary events.
but they imply that low level exercise testing is most useful
in patients who exhibit other clinical markers of higher risk.

A trend toward earlier higher level testing is somewhat at
odds with our understanding of the pathophysiclogy of
myocardial infarction. The duration of the healing phase is
about 6 weeks. Traditionally, we have assumed that a heart
subjected to a major increase in rate or blood pressure during
this period will experience deleterious effects. The hypothe:-
ical hazards of exertion in patients with myocardial infarc-
tion are cardiac rupture, aneurysm formation, extension of
infarction, congestive heart failure and serious arrhythmias
(22). In practice, these problems are rarely reported in
patients who perform moderately intense exercise | or 2
weeks after infarction. However, for purposes of risk strat-
ification, the point is that abnormal responses at higher work
loads are not as predictive as those at lower work leads (40).

The efficacy of clinical judgment. Clinical judgment can
also identify high risk patients (41), and ST segment shifts
are not as predictive of high risk as an abnormal systolic
blood p P or poor exercise capacity (40).

PASHKOW B25
ISSLES IN CONTEMPORARY CARDIAC REHABILITATION

~andidate, at lcast initially, for community-based group or
unsupervised, unmonitored home rehabilitation. In contrast.
a patient with an uncomplicated complete surgical revascu-
|arization can begin progressive activity in the home, un-
dergo symptom-limited exercise testing when recovered
surgically and continue exercising in a home- or community-
based program. This patient may need some supervised
training to ensure the appropriate understanding of the
exercise prescription and for coronary risk factor education
and modification. Levels of low, intermediate or high risk
are also useful for program planning, especiaily for staffing
and resource allocation (20) or for reimbursement of pro-
gram services. such as ECG monitoring, according to cur-
rent guidelines and standards (42).

Risk stratification guidelines. On behalf of the Health and
Public Policy Committee of the American College of Physi-
cians, Greenland and Chu {(43) recommended that interme-
diate dsk patients be defined as those who experienced
shock or congestive heart failure during a vecent (within 6
months) myocardial infarction, those who demonstrate
<2 mm of ischemic ST segment depression or those who are
unable to monitor their own activity or comply with the
exercise prescription. They recommended for these patients
a time-limiied program rather than the typical full 8- to
12-week program.

They (43) defined high risk patients as those who have
severe depression of left ventricular function (ejection frac-
tion <30%): complex ventnicular arrhythmias at rest; ven-
tricular arrhythmia that increases during exercise; a de-
crease in systolic blood pressure =15 mm Hg with exercise;
recent myocardiat infarction (within 6 months) complicated
by serious arrhythmias; survival of sudden cardiac arrest, or
marked. excicise-induced ischemia indicated by angina
=2 mm of ST depression, on the ECG. Patients with these
clinical features are appropriate candidates for ECG telem-
elry monitoring during exercise.

When Froelicher and his coll (40) subgrouped the
studies by time of testing (before discharge or after dis-
charge), a high proportion of test results before discharge
were accurate predictors of a poor outcome. Risk predictors
from exercise testing best identify the patients who die early
after myocardial infarction before later testing can be done.
This finding coincides with the observation that one third of
the 1st-year mortality occurs within the 15t 6 weeks after the
acute infarction (35). The process of risk stratification has
become an integral part of the management of patients
during and after an acute myocardial event regardless of
whether rehabilitation ‘s planned (33).

Applying the findings of risk stratification. The resulis of
risk stratification provide signposts for patient management
throughout the rehabilitative process (Table 1). For exam-
ple, a patient with poor ventricular function, an abrormal
signal-averaged ECG and low exercise capacity preferably
needs cardiac monitoring and exercise supervision in a
hespital- or facility-based program. The patient is not a

G for risk stratification have been produced by
other organizations as well. The American Association of
Cardiovascular and Pulmonary Rehabilitation published its
guidelings in 1991 {42), which indicaie tue extent of patient
supervision and establish appropriate levels for service
reimbursement. There are some major differences between
the guidelines with regard 10 what markers discriminate, for
zxample, between intermeddiate and high risk. Major differ-
ences between the two risk stratification schemes include
<2-mm ST segment depression as an intermediate risk in
one (American College of Physicians) versus >2-mm ST
depression as an intermediate risk in the other; a changing
pattern of angina is included in one scheme as intermediate
but not specifically addressed in the other (American College
of Physicians). The guidelines of the American Association
of Cardiovascular and Pulmonary Rehabilitation also list
combinations of ischemic markers thought to be associated
with increased risk: functional capacity =5 METs with
hypotensive blood pressure response or =1-mm ST segment
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depression; or =2-mm ST segment depression at a peak
heart rate of =135 beats/min (42).
Regardless of how the various schemas are defined, the
that reflect ischemia during exercise testing in-
clude noi just ST segment (ECG) changes but also global
exercise capacity and the presence or absence of angina.
Ventricular function is best reflected by the ability to main-
tain an appropriate systolic bload pressure response and the
accomplishmznt of adequate aggregate of work (41). Ar-
rhythmic potential can be highly deceptive, but it is clearly a
risk when ined ventricular arrhythmia is present spon-
taneously ot can be induced in the electrophysiology or
exercise laboratory (44). Table | is derived, in pari, from
current guidelines, as well as from some of the newer means
of identifying risk, and summarizes the ch istics of
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tion intended for and psych ial support also
are key elements in cardiac rehabilitation. Historically,
patient education in the form of one on one counseling began
during the course of routine hnspitalization and was added to
the structured exercise. Althcugh hospitalization for an
acute coronary event usually gets the attention of patients.
often 1hey are so overwhelmed by the pain, confusion, fear
and anxiety of the experience that not much information is

d. We suggest ward resp to patients’
questions in the early hours or days of the acute event
followed by a more formal, structured educational process
when the patient is further along in the physical and psycho-
logic recovery. Repeiition of key parts of the essential
material is required to overcome emotional obstacles and is

low, intermediate and high risk patients. Although low risk
patients do not require ECG monitoring and close exercise
supervision and intermediate risk patients may require only
intermittent ECG monitoring, high risk patients are being
seen more often in cardiac rehabilitation programs. For this
reason alore, the future of institution-based phase il exer-
cise rehabilitation programs seems secure.

Although there is no consensus as to the appropriate
duration of monitoring needed for high risk patiemts, the
preceding guidelines and the studies characterizing high risk
patients suggest some means of appropriate allocation of the
monitoring technology. Continuous monitoring is reasonable
for high risk patients throughout their course of exercise
therapy (43). After 8 to 12 weeks of such therapy with no
adverse arrhythmia, patients who are otherwise in stable
condition and are planning to continue exercise training can
be monitared intermittently. Any destabilizasion of the un-
derlying or related cendition that may influence the arrhyth-
mic potential, such as decompensated heart failure, requires
stopping the exercise regimen untit the problzm is rescived
and a stable rhythm is established,

Beyond risk stratification guidelines. Othey factors, such
as the p of high frequency late p ials in the
terminal portion of the QRS complex detected by signal
averaging (45-47) or heart rate variability analyzed by power
spectral analysis (48-51), have been identified as sensitive
markers of risk for subsequent sudden cardiac death, These
factors are relevant to the rehabilitative process because
they appear to be time dependent and may be modified by
exercise conditioning (52). This may explain the reduced
incidence of sudden death in patients who participate in
exercise rehabilitation, as reported by O"Cennor et al. (53).

Figure 1 indicates how newer clinical technologies can be
incorporated into risk stratification. Risk stratification needs
to be an ongoing process. When patients were retested at 3
months after my dial inf: signs of ischemia were
important predictors of oulgome, whereas indexes of ven-
tricular function were more predictive in the predischarge
studies (54).

Integrating education into cardiac rehabilitation. Educa-
tion about the eardiovascular disease process and inf

with generally accepted learning theory. Studies
suggest that such education can improve quality of life
(55,56).

Growing importaxce of outpatient programs. With pro-
gressive shortening of the hospital stay, there is a greater
need for structured outpatient rehabilitation programs in the
home, hospital or community. The time spent in the hospital
is not adequate to acquire the skills needed to monitor
exercise activity or to cover the educational material ade-
quately (57).

Qutpatient programs began to appear in the mid-1960s.
To some degree, they rep d a direct of
phase 1. Several alternative models were available from the
beginning. Zohman {(58) advocated that exercise be per-
formed in phase I under closc medical monitoring and
supervision, and this established a precedent that is followed
today in many phase II formats in which continuous ECG
monitoring and exercise supervision are both provided.

Aliernatively, gymnasium-based programs with or with-
out intermittent ECG monitoring also became poputar (59-
61). Data began to indicate the significant safety of outpa-
tient exercise rehabilitation regardless of the model followed
(62). The gymnasium- or community-based programs were
identificd as phase 11l and were thought to be ideal for
persons who kad graduated from phase II programs. How-
ever, by the late 1970s, patients with an uncomplicated
course who were considered to be at low risk were being
referred directly. The concept of risk stratification became
more widely applied and was extended further in the mid-
1980s by DeBusk et al. (63), who advocated home exercise
programs, especially for those believed to be at low risk.

In what may be described as historical recapitulation,
Fletcher and associates {(64) proposed a stepped approach
for outpatient exercise rehabilitation that takes into account
patients’ risk stratification status and their measured exer-
cise ability. By applying the basic principles of frequency
and duration and specifically basing intensity and progres-
sion on percent of ::aximal oxygen uptake, their protocols
are defined so that each patient entering exercise training
would gradually progress. The protocols consist of six phase
I itored levels designed to be leted within a

of six I-h and six phase II nonmonitored
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levels desighed to be completed within 12 weeks. After safe
< ion of both P patients can be referred to
long-term maintcnance programs.

At home rehabilitation as a primary mode of therapy.
DeBusk (63) and associates (65-67) at Stanford have studied
al home exercise quite extensively. Their earlier reports
focused on the effects of home-based exercise training on
peak oxygen consumption in healthy. sedentary, middie-
aged men and, latcr, women. Onc stady showed that sclf-
monitored, home-based exercise training of moderate inten-
sity significantly increased functional capacily in healthy,
sedentary, middle-aged men and women ¢(67). Moderate
intensity training was performed five times a week in 50-min
sessions. Subjects trained at 65% to 75% of maximal pre-
dicte-- heart rate, and after 6 months oxygen uptake in-
creased by 15% in men and by about 10% in women. Such
training provided a reasonable alternative to group-based
exercise. The same group described the use of microproces-
sors to track home-based exercise Iraining and found it to be
practical {65).

They also compared medically directed at home rehabil-
itation W|th group rehablhtauon beginning 3 weeks after
unee d acute my | infarction (63,66). Between
3 and 26 weeks after infarction, adherence to individuatty
prescribed exercise was equally high (about 70%). the in-
crease in functional capacity was similar (1.8 = 1.0 METs)
and nonfatal reinfarction and dropout rates were equally low
(both =37%) in the subjects randomized to home or to gronp
training. No training-related complications occurred in ei-
ther group. DeBusk et al. (63) altribute the low rate of
reintarction and death (5% and 1%, respectively) in the study
group to increased surveillance: a stepwise pracess of clin-
ical evaluation, excicise testing at 3 weeks and frequent
telephone contact of paticnts during the training period.

Realities of the Present

Changing demographics and the impact of aging. Both the
absolute and relative proportions of the population who are
older are increasing (68). This prenomenon is related 1o the
current birth rate and to the decline in age-specific mortality.
Thus, we ¢an expect an increase in the absolute number of
patients who have coronary disease (69), and these demo-
graphic changes will inevitably have a huge impact on health
care utilization and expenditures {70}

The decline in cardiovascular deaths correlates with an
increasing awareness and motivation to alter coronary dis-
ease risk factors. Improved treatments and risk factor mod-
ification through life-style change can reduce cardiovascular
mortality (71,72). Because of the demographics of the in-
creasing population, however, we must not misinterpret the
decline in casdiovascular deaths to imply a lower future
prevalence of disease, at least not in the next decade or two
(69). T¢ anything, we should expect the prevatence of coro-
nary heart disease to increase about 30% by the year 2015,
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even with 20% to 25% decreases in case fatality and inci-
dence rates (69).

Urberg and associates (73) documented rather striking
changes in the demographic factors and the incidence of
comorbid conditions among patients admitted for acute
myaocardial infarction. They found that men constituted 75%
of the admissions to an urban hospital in 1980 and only 43%
of the admissions in 1988. The percentage of diabetic pa-
tients increased from 27% in 1980 to 44% in 1988, and the
diabetic patients were older on average than the nondiabetic
patients. The findings corroborate our clinical experience
that survivors of myocardial infarction today are older and
sicker, and that this may be a future trend.

The demographic characteristics of those patients urder-
going surgical coronary revascularization are changing as
well (74). The patients who undergo coronary bypass sur-
gery are characteristically older, more commonly female,
advanced in age and likely to have three-vessel disease or
left ventricular dysfunction. At the Cl Clinic the
percentage of patients who undergo bypass surgery who are
=70 years old has risen from 0.25% i the period 1967 to 1970
to >30% in 1989, More ihan 73% of procedures are now
done for three-vessel disease, whereas i3% were performed
between 1967 and 1970 Nearly 60% show some evidence of
left ventricular dy h only 41% previously
did (74).

Perc¢

i coronary y is sub-
stantially chdngmg the patient group that undergoes coro-
nary bypass surgery. Patients who undergo coronary angio-
plasty are considerably younger (35 years vs. 68.5 years with
38% =70 years old), and most have only one- or two-vessel
disease. The left ventricular ejection fraction in patients who
undergo coronary bypass averages 38%; the fraction for
those undergoing coronary angioplasty is 55% (75). Paticnts
who undergo surgery today are older, have more complex
disease and have intrinsically poorer pump function,

Thompson (76) has observed that the increase in the
number and proportion of elderly persons will create con-
straints and pressures on our resources and services, and
this will probably be reflected in our actions and attitudes
about aging and the elderly. He observes further that the role
of the aging person is evolving from our stereotype of the
retired or grandparent rol¢ to a more active and participative
one. The changing demographic profile Is us to antic-
ipate newer approaches to health care for an older constitu-
ency. Although the primary concern is the development and
admir'stration of a system of services for the chronically ill,
these health services must be coordinated to meet a wide
range of needs (76).

Few data exist concerning the efficacy of cardiac rehabil-
itation for the elderly patient. The need for such programs
has been advocated to slow the age-related decline in car-
diovascular function (77) and to lessen the functional impact
of age-related changes superimposed on disease-induced
cardiovascular disability (78). Bruce et al. (79) have shown
that regular activity, such as walking, leading to conditioning
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will also lower relative aerobic costs of everyday activities
and that physical training can lower functional acrobic age in
men with coronary heart disease to that produced by suc-
cessful coronary revascularization. Ades and Grunvald (80)
have shown in a nonrandomized study that the condition of
elderly cardiac patients beginning at relatively lower level of
fitness improved to the same degree as in younger patients.
Gori et al. (81) found that poor compliance among elderly
patients is most often related to medical problems and lack
of motivation. Their participation in suck programs is all the
more important, however, because they are less capable
physically, more dependent on others and have a smaller
reserve than do younger patients.

Rehabilitation end points. With the establishment of suc-
cessful earlier ambulation after myocardial infarction, the
belief emerged that exercise would improve prognosis. Ex-
ercise is the fundamental element of cardiac rehabilitation
programs, with the major focus on improving functional
capacity and the contingent achievement of other important
secondary goals. Majur end pomls of rehabilitation outcome
herefore include fi . ¢h in psychoso-
cial fi health ed 1 after acute Ischemic event,
morbidity and mortality, ventricular function, cardiac perfu-
sion or collateral circulation and secondary risk factor
modification (82).

Traditional of death, recurrent
events, exercise improvement. Meta-analyses that reviewed
randomized, prospective studies of cardiac rehabilitation
versus usual care have confirmed its efficacy for the reduc-
tion of death after heart attack (53,83). Oldridge et al. (83)
found that integrated programs of rehabilitation after myo-
cardial infarction reduced mortality by 20% to 25%. Further-
more, the effects on mortality were influenced markedly by
continuing the program beyond the usual 8 10 12 weeks. A
ignificant impact on subseqy yocardial infarc-
tion was not observed. In a meta-analysis of randomized trial
of rehabilitation with exercise after myocardial infarction,
O'Connor et al. (53) found reductions in cardiovascular
mortality to be consistent with Oldridge’s findings (83) and
also found a 37% reduction in the incidence of sudden
cardiac death during the [st year after the acute cardiac
event. We feel this reduction in the rate of sudden death is
mostly related to the presence of skilled supervision and the
carly appreciation of clinical destabilization during the reha-
bilitation sessions, but the possibility that intrinsic changes
may occur in the cardiac substrate or catecholamine-

diated to clearly exists (50,52).

Despne Oldridge’s findings (83), some data show that a
comprehensive cardiac rehabilitation program can reduce
the incidence of subsequent infarction. This was demon-
strated in a study of a nonselected intervention in patients
who survived acute myocardial infarction and who were
randomly assigned to a rehabilitation program that included
follow-up study at a special postmyocardial infarction clinic,
exenclse training, the pmVlSlOn of information on smoking

and diet and psy ic support to patients and
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their families. During the S-year follow-up period, cardiac
mortality did not differ between the groups, but the recur-
rence rate of nonfatal myocardial infarction (17.3% vs.
33.3%) and the rate of total cardiac events were lower in the
intervention group (39.5% vs. 53.2%), This reduction may
reflect an alteration of risk factors because there were fewer
smokers and uncontrolled hypertensive patients in the inter-
vention group. The program was particularly effective in
those patients <55 years old who had significantly fewer
cardiac events and who returned to work more often than
members of the reference group (84). Again, the issue here
may be related to the increased supervision inherent in a
rehabilitation program and the ability to detect early desta-
bilization.

Several studies (82) have documented improvement in
exercise capacity with training by an average of 15% to 25%.
Others studies have suggested, however, that patients will
self-condition to adequate levels without formal exercise
training (85), but that the rapidity of conditioning may be
improved considerably. Investigators suggest that phase I
rehabilitation in uncomplicated, low risk patients eliminates
the need for phase II (86). Although the 15% to 25%
improvement in patients who have normal exercise capacity
has little practical impact, patients who have the poorest
functional capacity are likely to derive the largest benefit
from exercise training (87). This has significant implications
for the design of cardiac rehabilitation programs (57,38).

Rehabilitation after surgical revascularization. Rehabilita-
tion after coronary bypass surgery has been reviewed (89),
but a brief mention is needed here. A number of studies have
indicated the efficacy and long lasting results of rehabilita-
tion. Welner and others (90) reported in 1981 that sustained,

i ts in functional ity occurred in
patients who participated in exercise rehabilitation for 36 to
48 months. Oldridge et al. (91) have demonstrated a signifi-
cant functional difference that persists in those whe partici-
pate in exercise rehabilitation for extended periods. Froeli-
cher and associates (92) showed increased oxygen uptake
and decreased resting and suomaximal heart rates after
conditioning regardless of whether revascularization ap-
peared complete or incomplete. This finding has implications
regarding the efficacy of rehabilitation for incompletely
revascularized patients regardless of the technique em-
ployed.

Rehabilitation after coronary angioplasty. Functional ca-
pacity has been improved with cardiac rehabilitation after
coronary angioplasty, but this improvement may
snmple conditioning aﬂer relief of ischemic symptoms (93) Is
exercise rehabilitation superfluous for those undergoing suc-
cessful angioplasty? Ben-Ari and colleagues (93a) reported
significant differences in work capacity and favorable
changes in low and high density lipoproteins in those partic-
ipating <6 months in a comprehensive rehabilitation pro-
gram. Participation had no influence on the rate of restenosis
(30% vs. 32%), h . or an the incid of
coronary bypass (5% vs, 4.4%) and myocardial m!'arc!wn
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(1.6% vs. 1.4%). Despite these findings, Hotta (94) sanc-
tioned the us® of rehabilitation after angioplasty in the
Health Technology Assessment Report published in 1991,
Contributing factors for his recommendation included the
observation that the rate of return to work after angioplasty
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discharge in patients who receive thrombolytic therapy for
acrte myocardial infarction (98).

The detection of restenosis after successful coronary
anglopidslv can be lmproved with the use of a logistic mode}

was disappointingly low, although thic patients wers physi-
cally capable. (The low rate may be related to the persis-
tence of the “sick role.") In addition. he recognized that
patients undergoing angioplasiy may have previously dam-
aged the myocardium or could not be completely revascu-
larized, The indications for rehabilitation and stratification of
risk apply regardless of the intervention. High risk patients
will potentiaily benefit most, low risk patients the least and
“‘patients with intermediate risk and function will kikely
benefit but may not require the full 12 weeks of participa-
tion"" (94).

Implications for the Future

Survyeillance after angioplasty versus after myecardial in-
farction. The mortality rate associated with acute myocar-
dial infarction has improved greatly during the last 25 years,
but the 1980s were especially significant because of the
introduction of intravascular thrombolysis (95). In the ma-
jority of cases, mortality after thrombolysis has dropped to
3%, making a further reduction in mortality hard to obtain
with newer treatment strategies. Will this have an impact on
subsequent nortality and the Yikelihood that rehabilitation
can reduce mortality even more?

Thrombolysis is producing more survivors of myocardial
infarction who are left with variable amounts of healthy
myocardium. As Muiler and Topol hz2ve noted (95). the
extension of these findings into the subset of patients >70
years old has significant implications. Patients who previ-
ously wouid have died are now going to be referred for
rehabilitation as high risk candidates; those who would have
been at high risk may now be at intermediate or low risk, and
all will require aggressive modification of coronary disease
risk factors to attenuate or reverse the progression of their
coronary artery disease.

Patients who do not have recanalization after thrombo-
Iytic therapy have a poor clinical outcome (96). Interven-
tions are performed increasingly to restore patency of large
infarct-related vessels. Moreover, persistent ischemia in
areas identified as potentially significant after myocardial
infarction is likely to necessitate interventional or surgical
revascularization. On this basis, fewer patients in rehabiii-
tation are apt to expenence mpmved mlmallty on the basis
of less my dium at isch A v is ass0ci-
ated with a high incidence of fallure 7, Imwever and, if
anything, phase II rehabilitation provides ti kind of close
supervision in which such Failures can be detected early.

Although low level exercise thallium testing is useful in
identifying the high risk patient after acute myocardial
infarction, nearly half of the events after discharge are not
predicted by low level exercise thallium testing before

that comt juraf and follow-up variables (%9). Us-
ing logistic disctiminant analysis, Renkin and colleagues (99}
developed a model for lhe prediction of restenosis. Recur-
rence of angina and ST t d fon, both
Iy observable ph with ECG monitoring and
medical surveillance in the rehabilitation setting, were sig-
miicant indicators for the recurrence of stenosls 99).
Secondary risk fon: vein graft ath is and
is after angi . Inter for cor-
onary artery disease are mot curalive but are temporary
measures (100-~104). The proportion of patients returning for
@ sccond and even a third coronary bypass operation con-
tinues to increase (103).

The traditional approach to p of
coronary arlery disease is based on one 10 one professionat
counseling 10 help patients modify risk factors that promote
progression of the disorder (106). A collective recognition of
the need for prevention is occurring at & time when impend-
ing economic scarcity impels us to anticipate the enormous
financial burden of providing such counseling and supervi-
sion to the huge group of people who require guidance to
alter their life-styte in a serious and meaningful way (107).

Recogaition of the risk factors for coronary artery dis-
ease dates to the Framingham Study (108,109) in the 1560s,
The effectiveness of cholesteral lowering for primary
prevention of coronary hean diseese has been suggested
(103.107.110.111). S dary pt of ath )|
involves amelioration of the same risk factors (but after an
acule event such as a heart attack or bypass surgery).

Aggressive treatment of hyperch lemia can slow
and probably even reverse the pmgressiun of atherosclerotic
lesions {111-113). Recent data suggest that life-style inter-
vention alone, includi ise, diet and psychologic ad-
aptation without cholesten)l Jowering drugs, can arrest or
reverse coronary atherosclerosis (114). Most important,
such approaches can be targeted successfully .oward pa-
tients who already have d d major
of the disease (115).

Whether cardiac rehabilitation can reduce coronary risk
factors remains controversial (82). Although we believe that
Kallio et al. {116) have demonstrated the efficacy of compre-
hensive rehabilitation for the postmyocardial infarction pa-
tient, Hedback et al. (117) have shown its efficacy for the
reduction of multiple risks after coronary bypass surgery,
and Ornish et al. (114) have shown its potential for patients
who have abstructive atherosclerotic disease.

Expanded indications: archythmia, valve replacement and
heart failure. The incidence of congestive hean failure is
about 500,000 casesiyear in the U.S., and the prevalence is
about 2.5 miillien (118). With improved therapy such as
angiotensin-converting nzyme inhibitors, home dobutamine
therapy and others, we can expect that deaths from cardiac
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failure will continue to decrease and that more patients
affficted with this problem will earoll in group programs and
be appropriate candidates for home exercise therapy (119).
Although the number of patients who receive a cardiac
transplant is small (=2,500/year), because of the severe level
of deconditioning by the time of the transplant procedure,
virtually all these patients are rehabilitation candidates. The
newer investigational procedure of myocardial myoplasty,
still in its infancy, requires rehabilitative therapy for the
training of the transpositioned latissimus dorsi muscls. Pa-
tients who are candidates for this procedure are similar to
those who are transplant candidates and require significant
reconditioning.

Implantable cardioverter-defibrillators that manage lethal
arthythmias have been successfully applied, particularly
since the publication (120) of findings that drugs prescribed
to suppress lethal or potentially letha! arrhythmias may
cause more deaths than they prevent. These defibrillators,
limited initially to paticnts with a history of sudden death,
now are being placed increasingly in patients with suscepti-
ble cardiac substrate and ventricular dysfunction (121} in
whom suslained ventricular tachycardia can be induced in
the electrophysiology laboratory (122). Mare than 300,000
people/year sustain sudden cardiac death; a significant num-
ber of survivors will receive one of these implantable de-
vices. These patients berefit from exercise (88) and have
extraordinary needs for psychosecial support that can be
met in the group environment of the phase 11 rehabilitation
program (123).

On the one hand, the incidence of rheumatic heart disease
is declining; on the other, the number of mltral valve repalr
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tion program, but does it make a measurable difference?
Possibly not, according to Oldridge et al. {129) in a study ir
which disease-specific and generic health-related quality of
life measures, including exercise tolerance and retum to
work after acute myocardial infarction, were examined in
low risk patients who underwent brief rehabilitation. In
virtually all cases, no differences were observed betw:en
those patients who participated in rehabilitation and th se
who received usual care (129).

Wenger (130) notes that the goal of therapy in patients
with severe symptomatic heart failure is to lessen symptoms
and maintain functional abilities and comfort and that hemo-
dynamic features of heart failure (such as ejection fraction)
are generally not well correlated with quality of life af-
tributes. Low risk patients will probably recover normal
performance of routine activities of daily living regardless of
whether they participate in an exercise rehabilitation pro-
gram. Rehabilitation is less likely to affect their perception of
quality of life. For a person who is severely limited, how-
ever, even modest improvement will probably have a notice-
able impact on functicnal capaclty (131) It is ironic that
patients with ly red were for-
merly excluded fmm exercise rehabilitation on the assump-
tion that they would derive little tangible benefit, defined as
large, incremental measures in exercise function.

Oldridge and Rogowski (132) also recently looked at lhe
efficacy of ward ion versus in
centers for patients in phase I rehabilitation. Self -efficacy
variables were measured at various intervals after the event
up to 28 days after discharge. For the majority of self-
efficacy variables, both approaches were equally effective.

dures for my: yus valve d isil g
and aortic valve stenosis is also on the increase as an
age-correlated probiem (124). Although valvular heart dis-
ease affects far fewer patients than the number who undergo
coronary hypaas surgery, comhmed coronary bypass and
valve p are b g increasingly (125).

Allhnugh the majority of patients who enroll in cardiac
rehabilitation have coronary heart disease, as the emphasis
shifts toward higher risk patients in monitored programs,
paticnts with heart failure, a heart transplant, cardiomyo-
plasty, serious arrhythmias and an implanted device will
constitute a larger minority of the participants (88).

Quality of bife, a modern end point. Quality of life has
become an increasingly prominent issue in cardiology and
cardiovascular surgery during the last decade (126). A}
though interest has been focused on the high cost of therapy
{coronary artery bypass surgery and interventional vs. med-
ical management) (127), every therapy, regardless of its
expense, now is regarded in the same way. Cardiac rehabil-
itation is no exception, and, as measures of guality become
better understood and more standardized, it will be more
closely scrutinized (128).

Our experience is that cardiac rehabilitation makes a
significant difference in perceived quality of life. Many
participants unquestionably enjoy and value their rehabilita-

As di 1 earlier in this chapter, historically, and for
many institutions today, ward ambulation is the exercise
mode of choice for inpatient care.

Economic evaluation of cardiac rehabilitation services.
The study of Oldridge and Rogowski (132) raises the ques-
tion of cost-effectiveness of rehabilitation. The financial
impact of cardiac rehabilitation services was infrequently
studied (133) until recently. As Dennis (134) has pointed out,
cost effectiveness and cost-benefit considerations scem es-
pecially important in cardiac rehabilitation where little short-
term impact but important potential long-term benefit on
mortality, disability and psychologic well-being are ex-
pected.

Coors Industries (135) estimated recently that they save
$6 for every $i spent on their comprehensive wellness
program, which includes mandatory cardiac rehabilitation
for those employees who experience an acute coronary
event. Picard and associates (136) examined the impact of
rehabilitation on earned income and medical care costs and
found that those persons who receive rehabilitation have
higher earned incomes in the 6 months after an acute
coronary event and generate $500 less in medical care costs.
Ades ¢t al. (137) found substantial differences in per capita
hospitalization charges for those participating in rehabilita-
tion versus nonparticipants and dropouts. This was a conse-
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quence of a lower incidence of hospilalization and lower
charges per hospitalization. However, the study was not
randomized and did not include the expense of rehabilitation
as part of the economic analysis, and it did not include
savings related te reduced physician services. Prospective.
randomized trials are much nceded to clarify this important
ssug.

Approximately | million people in the U.S. survive an
acute myocardial infarction annually (115): approximately
10% to 15% of these patients subsequently are folfowed up in
supervised outpatient cardiac rehabilitation programs (138).
Assuming that supervised rehabilitation costs about $1,800
per patient, the annual cost of supervised cardiac rehabilita-
tion is approximately 3200 million. To make informed and
appropriate decisions about the allocation of limited re-
sources to various cardiovascular care services. compara-
tive economic evaluation must be performed (139-141).

Cost-effectiveness and cost-benefit and cost-utility analyses.
Economic evaluation may be defined as the comparative
analysis of alternative courses of action in tzrms of both
costs and consequences (141). “'Costs’ usually refers to the
direct costs borne by health care providers and by the
patient, whereas ‘‘consequences’ include effects of the
intervention, such as changes to the physical, social and
emotional functioning of patients (142). Economic evalua-
tions are classified according to the way in which canse-
quences are measured in the amalysis (140,141). In cost-
benefit analysis, consequences are measured in terms of
dollars; in cost-cfiectiveness analysis, consequences are
measured in terms of natural units, such as life-days or
life-years gained; and in cost-utility analysis, censequences
are measured in qualitv-adjusted life-years (QALY's), which
can be estimated by using the time trade-off technique [l43|

Oldridge and co-investi s (£29) included
evaluation i the design of 2 randomized clinical trial of 8
weeks of comprehensive cardiac rehabilitation initiated after
acute myocardial infarction. Patients with mild to moderate
in-hospital anxiety or depression after acuie myocardial
infarction were randomly assigned to either rehabilitation or
usual care. Quicomes, including health-related quality of life
measured by time trade-off scores, were determined before
and after the 8-week compiechensive cardiac rehabilitation
intervention and again 4, 8 and 12 months later. By the end
of the trial, cardiac rehabilitation patients had gained 19
quality-adjusted life-days (0.052 QALYs) per patient over
usual care patients and made fewer other rehabilitation visits
during the follow-up period of ihe trial (142).

The investigators then performed cost-utility and cost-
effectiveness analysis during the l~y:ar study wsing iife-
years gained from | y published meta-
analyses of cardiac rehnbﬂnauon (53 83). The best estimate
of net-direct 12-month costs (1991 U.S. dollars) for patients
receiving cardiac rehabilitation after acute myocardial infarc-
tion was $480/patient with a cost-utility per quality-adjusted
life-year gained of §9,200 over the year of follow-up. Using
the reduced 3-year moriality from the meta-analyses of
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cardiac rehabilitatien (53,83) and quality of life data from the
present trial, the cost-effectiveness of cardiac rehabilitation
after acute myocardial infarction was $21,800 per life-year
gained, with an estimated cost-utility ratio of $6,800 per
quality-adjusted life-year gained, establishing it as a more
efficicnt use of resources than most treatments for coronary
artery disease for which we have cost-utility estimates.

A brief office visit for smoking cessation (144), a daily
aspinin for reducing the incidence of myccardial infarction
(145), and beta-adrenergic antagonist therapy in a 55-year
old man (146) are considerably mare cost-effective than is
cardiac rehabilitation. At $21,800 per life-year gained, the
cost-effectiveness of cardiac rehabititation is similar to that
of propranalal for hypertension (blood pressure >%4 moy/
Hg) (147) and lovastatin (40 mg/day) for hyperchelesterol-
emia (cholesterol =272 mg/dh) (148), but considerably more
cost-cfective than captopril for diastolic hypertension
(blood pressure >9¢ mm Hg) (147) or lovastatin (80 mg/day)
for hyperchal hol i >272 mg/dl) (148).

The cost-utility estimate of $9.200 per guality-adjusied
life-year was considerably lower than that for single-vessel
bypass surgery or for treatment of diastolic hypertension
(blood pressure >94 mm Hg) in a 40-year old man and was
similar to the estimate for bypass surgery in patieats with left
main vessel disease (149). These economic data provide
some important preliminary evidence that cardiac rehabili-
tation after acute myocardial infarction is an efficient use of
health care resources and can be economicaily justified.

Conclusions, Cardiac rehabilitation has evolved as a ther-
tentative empiricism of ¢l who pre-
scnbed ively earlier ambulation in their patients
after acule myocardial infarction. lts value in reducing
morbidity and mortality remained in doubt for yeass, al-
though it became accepted increasingly for the subjective
improvement reported by patients. Ironically, its impact on
traditional end points became moot in recent years with the
advent of therapies that vastly decrease morbidity and
mortality. Cardiac rehabilitation provides the ideal environ-
ment for supervising patients closely and fur detecung early
any destabilization after an interventi Pa-
tignts who were formerly excluded from e..erclse trammg.
such as those with signifi left icular d
derive the greatest relative benefit from such tmmmg Risk
stratification provides a rational mechanism for determining
appropriate need for cardiac monitoring and for professional
supervision during exercise. The progizms have become
increasingly important as a means to mo-lify coronary risk
factors througt: exercise and education promoting behavioral
change. Recent studies suggest that cardiac rehabilitation is
¢conomically sound.

1 thank William A. Dafoe, MD for input an the cnncepmalmwn of this
ml:nal Neil B. Oldridge, PhD for il and
Tom Lang, MA for editotial assistance.
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