REVIEW

Rehabilitation strategies for the
complex cardiac patient

FREDRIC J. PASHKOW, MD

m Carefully designed, monitored rehabilitation regimens can benefit patients with significant cardiac
disease, such as life-threatening arrthythmias or congestive heart failure, or who have concurrent
systemic disease such as diabetes. Patients with heart failure can tolerate minimal workloads but, with
conditioning, they can increase their duration of exercise. Heart transplant recipients, who are usually
severely deconditioned at the time of surgery, are good candidates for a comprehensive rehabilitation
program; some have progressed to competition-level athletic achievements. Rehabilitation is safe for
patients with arthythmias, given appropriate monitoring, and can contribute to enhanced quality of
life. Objective measures are needed to distinguish between symptomatic and functional improvement.
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ARDIAC rehabilitation is increasingly an

option for a growing population of patients

with significant cardiac problems—includ-

ing patients with heart failure, transplant
recipients, and patients with life-threatening arrhyth-
mias (Table 1). State-of-the-art programs can accom-
modate the special requirements of these patients, who
need close supervision and monitoring.!

Two important studies’® show significantly reduced
mortality rates among patients randomized to cardiac
rehabilitation, compared to those who received “usual”
care; these studies included higher risk patients. Overall
mortality was reduced by 20% to 25% in the rehabilita-
tion groups, and mortality associated with sudden car-
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diac death in the first year post-myocardial infarction
was reduced by 35% to 43%. After the first year, the
mortality rate in the rehabilitation group began to ap-
proximate that of patients receiving usual care. This
implies that the effects of the 8- to 12-week rehabilita-
tive period are not indefinite; the early efficacy probab-
ly reflects the intense supervision in this period..

SEVERE LEFT VENTRICULAR DYSFUNCTION

Aggressive cardiac care has contributed to the sur-
vival of many patients with severe left ventricular (LV)
dysfunction, or resting left ventricular ejection fraction
(LVEF) less than 30%. This group of patients is one of
the fastest growing in the cardiac rehabilitation patient
population.

These patients present a different set of complica-
tions and expectations than, for example, post-
coronary bypass patients who have well-preserved LV
function, and may realize different outcomes from car-
diac rehabilitation. They are at higher risk of sudden
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TABLE 1
INDICATIONS FOR REFERRAL TO MONITORED
REHABILITATION PROGRAMS

-

Presence of active ischemia, or an acute ischemic event occurring within
the last 6 weeks

Significant left ventricular dysfunction, chronotropic incompetence,
history of sustained ventricular tachycardia, episode of sudden cardiac
death

Patients with implanted devices where monitoring is needed to
demonstrate efficacy and safety

Significant concurrent medical problems such as unstable diabetes
mellitus, pulmonary insufficiency, or renal disease that requires dialysis

Significant psychosocial problems such as depression or noncompliance

death** and may be emotionally depressed by the long-
standing ordeal of their cardiac disease and their
marked limitation.

Inconsistent responses

Patients with poor LV function show an inconsis-
tent response to exercise.”® Limited exercise capacity is
probably the earliest quantifiable finding in heart
failure,” and may actually represent functional impair-
ment. The normal central and peripheral effects of
exercise may not occur in these patients."" At-rest pul-
monary capillary wedge pressure (PCWP) and heart
rate are often elevated, and minimal effort may cause
dyspnea and fatigue."

In patients with severe LV dysfunction, exercise can
cause an additional drop in ejection fraction, a
decrease in stroke volume, and exertional hypoten-
sion. Those with the most severe dysfunction may not
elevate cardiac output sufficiently to generate a
dynamic exercise response.'> Yet, among patients with
clinically evident heart failure, these hemodynamic
alterations do not correlate consistently with overall
exercise capacity.'* Other factors influence the status
of left ventricular function as well as exercise duration
and intensity. The patient may be in atrial fibrillation,
for example, or have significant active ischemia. He
may have forgotten to take prescribed medications, or
he may be salt overloaded, dehydrated, or heat in-
tolerant. A concurrent infection may affect LV func-
tion and exercise tolerance.

Despite the inconsistent response, exercise has
theoretical as well as documented benefits in heart
failure patients.!>'® Patients with severe LV dysfunction
can exercise safely by gradually raising their heart rates
above resting level.'® With time, they are able to ex-
tract more oxygen from the blood during exercise,
widening the arteriovenous oxygen difference.

The effects of exercise training on mortality for
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these patients is unknown, but exercise tolerance is
improved as illustrated by lower heart rates during
submaximal exercise and increased maximal
workloads.!” Endurance and fatigue levels must be con-
sidered in addition to aerobic capacity. Heart failure
patients may be able to achieve high aerobic
workloads, but then experience prolonged fatigue for
hours or days following an exercise session.”® All of
these considerations require careful program design
and precautions.!!¢

Rehabilitation for heart failure patients

Cardiac rehabilitation helps heart failure patients
accomplish significant gains in functional capacity'®
and may substantially enhance the quality of their
lives.! The ability to sustain activity at a low metabolic
rate of oxygen consumption (MET) level may mean the
difference between living independently and living in a
chronic care facility.”?

Before a heart failure patient undertakes a rehabilita-
tion program, a thorough pre-training evaluation is
critical, both to assess the patient’s condition and to aid
in the design of a program. In addition to the usual
graded exercise study, special tests may be indicated,
such as cardiopulmonary studies, measurements of
PCWP during exercise, or measurements. of LVEF by
gated pool scanning or echocardiography during exer-
cise. A patient who has unstable angina, decompen-
sated heart failure, or arrhythmias that compromise
hemodynamic stability is not a candidate for exercise
rehabilitation.

The rehabilitation program should be designed to
accommodate the patient’s needs and capacities.
Patients with left ventricular dysfunction can tolerate
only limited workloads; but, because they can increase
their duration of exercise, prolonged periods of warm-
up and cool-down are appropriate. Dynamic muscle-
strengthening exercises are preferable to isometrics.

The patient’s target heart rate should be adjusted to
10 bpm below any significant endpoints of exercise
observed in the pre-training evaluation, such as exer-
tional hypotension, significant dyspnea, or the onset of
sustained arrhythmia.

These patients need continuous supervision by staff
trained to recognize the special problems associated
with this population. Patients with severe LV dysfunc-
tion should be on continuous telemetry throughout
warm-up, exercise, and cool-down. Data such as body
weight, blood pressure, and rate response to exercise,
measured routinely, are especially valuable in tracking
the clinical status of these patients.
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CARDIAC TRANSPLANT PATIENTS

Most transplant patients are severely deconditioned
after years of low-level activity due to advanced cardiac
failure.® They all require comprehensive psychological,
educational, and exercise rehabilitation.®*!

Cardiac output is a function of the strength of
muscle contraction (inotropy) and heart rate
(chronotropy), as well as the net peripheral vascular
and metabolic response to exercise. A normally innet-
vated heart is stimulated by the cardiac plexus of the
sympathetic nervous system that increases inotropy
and chronotropy. The catecholamines, including
epinephrine and norepinephrine, hormonally cause
similar increases in cardiac output.

In the transplanted heart, normal cardiac innerva-
tion is surgically interrupted. The hormonal
mechanism becomes the primary mediator of
hemodynamic responses.” After denervation, the
donor heart becomes supersensitive to catecholamines,
and the resting heart rate increases. Surgical interrup-
tion of the vagus nerve from the donor sinus node also
contributes to an increased resting heart rate. Cardiac
output, oxygen consumption, and physical work
capacity, however, are lower in the transplant patient.?

The transplant recipient has a characteristic
electrocardiogram (ECG). Two distinct P waves may
be seen, since the recipient sinoatrial node is generally
left intact and may be functioning. This remnant
sinoatrial node remains under the control of the
recipient’s intact vagus nerve. [t stimulates the remain-
ing atrial tissue, but the transmitted signal is inter-
rupted at the line where the recipient and donor atria
are joined. The donor P wave is also present and is
normally conducted to the ventricles. The donor P
wave is not influenced by the intrinsic (recipient) car-
diac innervation and vagus nerve.

During exercise, anxiety, or other sympathetic
stimulation, the rate of the recipient-generated P
wave will increase in accordance with the intensity of
the sympathetic stimulation. The donor sinus node
responds slowly, or not at all, depending on the levels
of circulating catecholamines. The net result is a
recipient-generated P wave with no relationship to
the donor-generated P wave and its associated QRS
complex.

Transplant patients can demonstrate significant im-
provement with exercise conditioning,”* and there
have been several reports of competition-level athletic
accomplishment.”> Moreover, frequent graded exercise
testing may help detect early signs of rejection by the
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development of an otherwise unexplained fall in exer-
cise tolerance. Emotional lability is common in heart
transplant patients, which may complicate the
rehabilitation process, but many are eager to learn and
to overcome their physical difficulties.

Despite the benefits, there is potential for several
serious problems. For example, it was hoped that
rehabilitation would lead to a decline in the incidence
of accelerated graft atherosclerosis (AGAS). AGAS is
the leading cause of death among cardiac transplant
patients after the first year, and may be more related to
the use of immunosuppressive agents than to tradi-
tional coronary risk factors.* While the cause of the
atherogenic process is incompletely understood,
reducing secondary risk factors such as smoking and
cholesterol seems appropriate.

Another problem is that only one-third of
transplant patients return to work, despite their rela-
tively young age.’” One factor may be the time away
from the job prior to transplant surgery. This specula-
tion is based on observations of return-to-work ex-
perience in patients after coronary bypass surgery and
valve replacement.” If preoperative time away from
work is a factor, the problems of early identification of
patients as transplant candidates and the protracted
waiting periods for donor hearts must be addressed.
Rehabilitation can help here.

CARDIAC ARRHYTHMIAS

The risk of cardiac arrest during rehabilitation exer-
cise is very low. From 1980 to 1984, one arrest per
112,000 patient hours of exercise was reported.”® The
incidence from 1960 to 1977 was one arrest per 33,000
patient hours.? This trend toward fever cardiac arrests
reflects the improved medical and surgical treatment of
ischemia, a precipitant of many ventricular arrhyth-
mias associated with exercise.®

Monitoring guidelines

Standards and guidelines are evolving in the United
States for continuous v intermittent ECG monitoring
during exercise rehabilitation.” The financial reimbur-
sement system has indirectly encouraged monitoring,*
but this is likely to change. Furthermore, since the risk
of death during cardiac rehabilitation has significantly
decreased,?® program guidelines may limit continuous
ECG monitoring to those patients who are at high risk.
This includes patients who have had an acute event
within 6 weeks, or who have active ischemia, sig-
nificant left ventricular dysfunction, or a history of
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sustained ventricular tachycardia. Patients who have
had episodes of sudden cardiac death and are not yet
stabilized on therapy should also be continuously
monitored.

Implantable cardioverter defibrillators

Drugs for the suppression of lethal or potentially
lethal arrhythmias have proven inadequate in many
patients, whereas an implantable device that uses
direct current shocks has had surprising success. The
implantable cardioverter defibrillator,”?* initially
limited to patients with histories of sudden death,*? is
now used in individuals who have susceptible arrhyth-
mia substrates, such as an extensive prior myocardial
infarction, and in whom sustained ventricular
tachycardia can be induced in the electrophysiologic
laboratory.”?

Most of the algorithms that control these devices are
based on rate dependency; therefore the patient must
undergo exercise stress testing to ensure that his intrin-
sic rate will not exceed the device’s threshold rate,
which would cause it to discharge unnecessarily during
physical activity. This is unlikely to occur, since many
patients are receiving concomitant drug therapy, but
testing is necessary nevertheless. Most patients are
aware that they may be shocked by the device during
exercise and are appropriately apprehensive.®

These patients are excellent candidates for
monitored programs, at least until the likelihood of
inadvertent defibrillation has been ruled out with suffi-
cient experience. They also benefit from the group
support and the socialization in a monitored program.*
The implantation of such a potent device into an in-
dividual can have significant psychological ramifica-
tions. Formal group psychotherapy can be offered to
those who are identified as having significant adjust-
ment problems.*® The opportunity to share experlences
is, for many, a significant relief.

The staff’s knowledge of how the device can be
temporarily turned off (usually by magnet), together
with an understanding of the underlying disease
process and thorough preparation for the management
of emergencies leads to an air of confidence that is very
reassuring to these vulnerable patients.

Cardiac pacemakers

About 20% of patients in cardiac rehabilitation
programs have pacemakers. The number of patients
with rate incompetence is increasing and the indica-
tions for bradycardia pacing are changing.*® At one
time, the rehabilitation of a patient with an implanted
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pacemaker simply involved reassurance and education
about the device. The patient was cautioned to avoid
high-level physical activity since the pacemaker’s fixed
rate could not respond to exertion.'

There has been enormous progress in the design and
manufacture of cardiac pacing devices. The changes
relevant to the rehabilitation of severely disabled
patients result from the miniaturization of electronic
components by the use of large-scale integrated cir-
cuitry. This allows the emulation of normal rate and
thythm responses under varying physiologic conditions
and levels of metabolic demand.®

The impact of these devices on functional capacity
is significant. Patients who are limited to a sedentary
lifestyle may achieve the cardiac output necessary to
accomplish most activities of daily living.*** This -
crease in work capacity allows for the performance of
such essential activities as shopping and food prepara-
tion, light housework, or care of an invalid spouse—
and may sometimes make the difference between in-
stitutionalization and independence.”

The physiologic aspects of exercise in these patients
is identical to any other.#? What is unique is the way in
which their physiology integrates with the implanted
devices. The relative contribution of chronotropy to
cardiac output is generally appreciated, but the
relationship between rate and atrioventricular
synchrony during progressive levels of exercise is less
well understood. The ability to develop an appropriate
heart rate response during exercise accounts for about
two-thirds of the cardiac output. Stroke volume, con-
sisting of preload and afterload, accounts for the other
third.# As heart rate increases, the relative contribu-
tion from atrioventricular synchrony decreases.*

Pacemakers are now available that provide
atrioventricular synchrony as well as dynamic adjust-
ment of the heart rate to match varying levels of meta-
bolic demand.*## Cardiac synchrony is maintained
by the placement of two pacing leads, one in the atria,
and a second in the ventricle. A rate-adaptive pacer
uses a parameter or physiologic variable other than the
natural ones.to drive one’s sinus node to control the
pacing rate.®

HEART VALVE REPLACEMENT

Physical training after heart valve replacement im-
proves cardiorespiratory fitness as evidenced by im-
proved oxygen consumption.” Training also increases
physical work capacity by 60% and decreases rate-pres-
sure product and perceived exertion by about 15%.4
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Physical fitness alone does not guarantee a return to
work, however. Age and time away from the job before
operation are also important factors.”* Many patients
require anticoagulation therapy after valve surgery and
have special requirements for low-impact exercise (to
avoid bruising or hemarthrosis) and special education-
al needs; eg, to avoid risk of falls associated with climb-
ing ladders or riding motorcycles or horses.

SERIOUS COEXISTING SYSTEMIC DISEASE

Chronic pulmonary disease

Patients with advanced chronic obstructive pul-
monary disease can benefit from rehabilitation
programs.®# Patients with combined pulmonary and
cardiac disease should be referred to the appropriate
rehabilitation program, depending on which problem
(cardiac or pulmonary) is more limiting and on what
is available in the community. When these patients
are followed in the cardiac setting, provisions should
be made to noninvasively monitor oxygen saturation.
Pulse oximetry with a compact portable device can be
helpful to monitor exercise-induced hypoxia. These
patients invariably are taking xanthine drugs, such as
theophylline, and other adrenergic agents with nar-
row margins of therapeutic safety. Tachyarrhythmias
are common in this patient population, so continuous
electrocardiographic monitoring is indicated.

Diabetes

There is significant potential for risk factor
modification for diabetic patients with concurrent
heart disease.” In addition to its positive conditioning
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