





animals.” Changes in cardiac contractility as measured by sys-
tolic time intervals also have been reported for patients with the
“low T3 syndrome’ of nonthyroidal iliness.™ It is not clear,
however, whether myosin isoenzymes also exist in the human
heart and whether similar changes in myosin isoenzyme pre-
dominance occur in reiationship to the thyroid state or in pa-
tients with nonthyroidal illness.
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Figure 2

Electrophoretic pattern and densitometric profile of myosin isoenzyme
in normal controi rats (Panel A) and hypothyroid rats (Panei B). in
normal rats, myosin V, predominates (Panel A), whereas in hypothyroid
rats myosin consists aimost exciusively of myosin V, (Panel B).

Force of contraction, cardiac relaxation, and Ca** ATPase
of sarcoplasmic reticulum. Thyroid hormone-induced changes
in diastolic relaxation and in the force of contraction may be
related to alterations in the activity of the Ca** ATPase of the
sarcoplasmic reticulum discussed above. In the hyperthyroid
heart, the activity of this enzyme increases and leads to
augmented accumulation of calcium during diastole with a re-
sultant enhanced relaxation.' In systole, the increased calcium
made available from this source conversely results in an in-
creased number of engaged actin-myosin crossbridges and an
enhanced force of contraction (Table 1).

influence of thyroid hormone on electrophysioclogical pa-
rameters. Thyroid hormones influence electrophysiological
parameters in a substantial way with a shortened refractory
period, a reduced electrical threshold, an increased rate of di-
astolic repolarization, and a decreased duration of the action
potential. These alterations, together with a shortened atrio-
ventricular (AV) conduction time, explain the tachycardia and
frequent occurrence of atrial fibrillation in hyperthyroid patients.

Interaction between the adrenergic system and thyroid
hormones. The siriking similarity between the cardiovascular
effects of thyroid hormones and catecholamines has been rec-
ognized for many years. In addition, sympatholytic agents such
as reserpine and propranolol contribute markedly to a normal-
ization of tachycardia, pulse rate, blood pressure, and cardiac
output in hyperthyroid patients. These findings have led to the
hypothesis that the thyroid hormone effects on the heart are
mediated by an increase in the activity of the sympathoadrenal
system or by an enhanced response of cardiac tissue to normal
sympathetic stimuli. An increased activity of the sympatho-
adrenal system is unlikely in view of the observation that
plasma and urine levels of catecholamines are either normal or

low in hyperthyroidism, and either normal or elevated in
hypothyroidism. An increased sensitivity of the sympathetic
system in hyperthyroid animals, however, has been demon-
strated in recent studies.'” For example, the propranolol-
induced reduction in puise rate and in myocardial contractility
in hyperthyroid dogs exceeded that in euthyroid animals. The
levels of pulse rate and contractility in hyperthyroid animals af-
ter maximal treatment with propranoiol, however, still remained
above the euthyroid range. Thyroid hormone, therefore,
appears to exert a direct effect on cardiac function that is inde-
pendent of its sensitizing influence on the sympathetic system.
Studies with isolated cardiac muscle preparations of an animal
submitted to full sympathetic blockade have also clearly dem-
onstrated that thyroid hormones per se exert a marked direct
and independent cardiac effect.*'” The enhanced sympathetic
effects in hyperthyroidism may be a reflection of an increase in
the number of beta adrenergic receptors in the hyperthyroid
heart.” In contrast, the number of alpha adrenergic receptor
sites decreases. The opposite changes, a decrease in beta re-
ceptors and an increase in alpha receptors, occur in the
hypothyroid heart.

Table i. Thyroid Hormone Influences on Cardiac
Contraction and Relaxation

Systole

Pump Function Muscle Physiology Biochemistry

Ca*+ Activated
Myosin ATPase T

Movement of
Myosin Heads

Velocity of
Contraction

Along Thin Myosin V,

T Filament T Predominance T
Force of Number of Ca** Release from .
Contraction Engaged Myosin  Sarcoplasmic

T Heads T Reticulum T

Diastole

Pump Function Muscle Physiology Biochemistry

Speed of Disengagement Ca** Sarco-
Relaxation of Actin-Myosin  Uptake into .
) plasmic
Crossbridge Ca*~ .
reticulum T

T T ATPase of

T Indicates increase of parameter after thyroid hormone
administration to normal animals. Hypothyroidism causes a de-
crease of these parameters.

Cardiac function and peripheral thyroid hormone effects.
Since hyperthyroidism leads to increased oxygen consump-
tion, the increased metabolic needs of the periphery theoreti-
cally could be an important determinant of the hyperdynamic
circulatory state. Moreover, there occurs decreased vascuiar
resistance in hyperthyroidism and increased vascular tone in
hypothyroidism. The augmented cardiac output observed in
hyperthyroidism, however, is far in excess of that observed dur-
ing exercise or other hypermetabolic states associated with
an equivalent increase in oxygen consumption. Increased
peripheral metabolism and adrenergic effects therefore appear
to play only a contributory role in the cardiac manifestations of
hyperthyroidism, the major mediator of cardiac action being a
direct effect of thyroid hormones on the heart.

Clinical Manifestations of Hyperthyroid Heart Disease

Signs and symptoms. The cardiac symptoms of hyperthyroid
patients can be explained on the basis of the biochemical and



physiological alterations described above. in young patients,
the changes in electrophysiclogical and hemodynamic pa-
rameters give rise to complaints of palpitatiocns, an awareness
of a vigorous heart beat, increased dyspnea, and exhaustion
after heavy exercise.in older patients, these symptoms may be
even more pronounced. In addition, angina pectoris may
worsen and symptoms of congestive heart failure may super-
vene. It should be noted that anginal pain has been described
in thyrotoxic patients even in the presence of normal coronary
vessels.” A long-standing controversy exists as to whether
hyperthyroidism can induce congestive heart failure in the
absence of underlying cardiac disease. Several recent reports
document that congestive heart failure does occur in a small
percent of patients solely on the basis of hyperthyroidism. For
example, congestive heart failure has been reported in infants
with neonatal thyrotoxicosis without underlying heart disease.®

Physical examination. Physical examination reveals a hyper-
active pericardium with a resting tachycardia. Random deter-
minations of pulse rate over a short time probably are not a reli-
able way to assess the thyroid status of individual patients.
Auscultation may reveal an increased first sound, an acceler-
ated pulmonic component of the second sound, and a third
heart sound. Frequently, a mid-systolic murmur along the left
sternal border is audible. Occasionally, the so-cailed Means-
Lerman scraich is present. This is a systolic sound that has
been attributed to the rubbing together of normal pleural and
pericardial surfaces as a resuit of the hyperdynamic action of
the heart and a dilated pulmonary artery. The well-perfused
periphery is manifested by warm, moist skin and a venous hum
over the thyroid area. A marked hypertrophic thyroid gland in
patients with Graves' disease may be supplied with 2 to 6 liters
of blood per minute. Systolic hypertension with a widened BP is
a frequent finding.

Hemodynamic findings. The hyperthyroid heart is character-
ized by a high output state as a consequence of an increased
stroke volume and an increased pulse rate. Cardiac indexes of
5 to 7 liters/min/m? are frequently observed. Recent findings
show that exercise induces a fall in the left ventricular ejection
fraction (LVEF) in hyperthyroid patients. This effect is indepen-
dent of the beta adrenergic system and points to a reversible
cardiomyopathy associated with hyperthyroidism.? Hyperthy-
roidism can also lead to permanent cardiac damage. An in-
creased frequency of mitral valve prolapse has been found in
hyperthyroid patients, most probably as a result of structural
changes in the valve induced during the hyperthyroid state.®
The peripheral circulation is characterized by reduced systemic
vascular resistance, reduced circulation time, and increased
circulating blood volume. The regional perfusion is not in-
creased in a uniform fashion. The coronary, skeletal muscle,
and skin blood flow is augmented, but there is no change in
gither cerebral or hepatic circulation.

Electrocardiographic changes and radiographic findings.
The most frequently observed change is sinus tachycardia.
About 15% of patients with hyperthyroidism have persistent
atrial fibrillation.” The shortened AV conduction time and re-
fractory period result in increased transmission of atrial im-
pulses through the AV conduction system to the ventricle. After
return to the euthyroid state, reversion of atrial fibrillation to
sinus rhythm generally occurs. Occurring less frequently are
prolongation or notching of the P waves, prolongation of the PR
interval, the Wolf-Parkinson-White syndrome, and complete
right bundle block. Inflammatory changes have been described
in the conduction system of hyperthyroid hearts. The chest
radiographs of hyperthyroid patients are usually normal. Dila-

tion of the pulmonary artery may occur. Generalized cardiac
enlargement is seen infrequently and may be accompanied by
signs and symptoms of congestive heart failure.

Table I summarizes the alterations in cardiac function in-
duced by hyperthyroidism.

Table il. Thyroid Hormone-induced Changes in
Cardiac Function

HYPERTHYROIDISM

HYPOTHYROIDISM

I. Symptoms and
Physical Findings
Exercise intoierance
Hypertension

. Symptoms and
Physical Findings
Palpitations
Angina pecioris T
Congestive heart failure T
Means-Lerman scratch
P T

. Electrocardiogram, .
Radiograph, Uftra-
sound Findings
Tachycardia
Atrial fibrillation T

Electrocardiogram,
Radiograph, Ultra-
sound Findings
Bradycardia

Low voltage

AV conduction time 4
Refractory period {
Dilation of pulmonary
artery

lil. Hemodynamic
Findings
Cardiac output T
Stroke volume T
LVEF 1 with exercise
Mitral valve prolapse
Circulation time shorter

Pericardial effusion

Pleural effusion

Septal hypertrophy
(asymmetric)

. Hemodynamic

Findings
Cardiac output |,
Circulation time
prolonged
Vascular
resistance T

Vascular resistance |,

T=increased | = decreased

Diagnosis and Treatment

The clinical diagnosis of hyperthyroidism is confirmed by ele-
vated levels of serum T, (>12 pg/dL) and T3 (>>180 ng/dL) with
normal binding parameters such as T resin uptake test or free
T, values (see Chopra IL, Thyroid Today, Volume |, Number 7,
1978). The clinical diagnosis is more difficult to establish in pa-
tients with “apathetic” hyperthyroidism. This subset is charac-
teristic of elderly patients who do not show the flagrant signs of
hyperthyroidism but exhibit (1) a small goiter, {2) hypoki-
netic appearance with lethargy or depression, {3} muscular
weakness and wasting accompanied by weight loss, and
(4) predominant signs of cardiovascular dysfunction, such
as atrial fibrillation and congestive heart failure resistant to
digitalis therapy.

In the treatment of hyperthyroid patients with marked car-
diovascular manitestations, quick attainment of the euthyroid
state is a major objective. This can be achieved by medical
therapy with oral antithyroid medications or radioactive iodine
therapy, perhaps in combination with antithyroid medications,
or thyroid surgery. Before thyroid surgery or any other kind of
surgery is performed, adequate preparation of the patient with
iodine solutions and propylthiouracil is crucial to avoid the
occurrence of thyroid storm with ensuing cardiovascular col-
lapse. The cardiovascular symptoms of hyperthyroid patients
can be markedly improved by treatment with beta sympatholy-
tic drugs such as propranolol. Propranolol achieves its peak
effect within 12 hours and has a half-life of three hours. The
average daily oral dosage is 120 to 160 mg given in three io
four doses of 40 mg. In emergency situations, such as thyroid



storm with rapid tachycardia, 1 to 2 mg propranolol may be
given intravenously and repeated severai times until the tachy-
cardia is controlled. Propranolol administration and the ensuing
beta blockade can lead to an improvement of tachycardia, pal-
pitation, tremor, restlessness, muscle weakness, heat intoler-
ance, stare, lid lag, and hyperreflexia. Despite these beneficial
effects, the underlying metabolic disturbance is not influenced.
Propranolol should not be used as the only mode of therapy in
patients with marked hyperthyroidism. {n addition, one has to
be aware that propranolol has a negative ionotropic effect and
depresses myocardial contractility. Its major usefulness is in
hyperthyroid patients with puise rate-related cardiac failure.
Before using propranolot in patients with the usual form of con-
gestive heart failure, treatment with digitalis is recommended.
Hyperthyroid patients frequently show some degree of digitalis
resistance, which may be related to a faster half-life, changes
in the distribution volume, and a shift in the dose-response
curve.® These alterations can lead to the deveiopment of digi-
talis toxicity at doses that are effective and well tolerated in
euthyroid patients but are ineffective in hyperthyroid patients.
Digitalis and propranolol in relatively smali doses have a syner-
gistic effect to increase AV conduction time and the refractory
period of the AV node. These changes lead to a decreased
ventricular response in atrial fibrillation.

Ciinical Manifestations of Hypothyroid Heart Disease

Signs and symptoms. Significant clinical manifestations re-
lated to the heart occur only in patients with marked and long-
standing hypothyroidism. Hypothyroid patients report dyspnea
on exertion, decreased exercise tolerance, and easy fatigabil-
ity. In advanced hypothyroidism, evidence of pericardial effu-
sion, pleural effusion, and true cardiomegaly can be found. On
physical examination, bradycardia and distant heart sounds
may be noted. Hypertension has been reported with increased
frequency, and this may be related to increased peripheral re-
sistance and to an increased number of peripheral alpha recep-
tor sites.®

Hemodynamic findings. The hypothyroid heart is hypodyna-
mic with a decreased cardiac output and stroke volume, and a
prolonged circulation time. The diminished cardiac output
matches, at least in part, the reduced metabolic demand of the
periphery; circulatory failure normally does not result. The de-
crease in myocardial oxygen consumption and energy utiliza-
tion, however, is more pronounced than anticipated from the re-
duced work load of the hypothyroid heart.? In theory, this would
make the hypothyroid heart more energy efficient. According to
this hypothesis, moderate hypothyroidism in itself, without
underlying heart disease, should rarely lead to congestive
heart failure. Cardiac failure in patients with myxedema coma,
however, has been well documented.

The myxedemic heart can be distinguished from true con-
gestive heart failure by an absence of pulmonary congestion
and normal pulmonary artery, right ventricular, and diastolic
pressures. Pleural and pericardial effusion occur frequently,
are high in protein content, and have been attributed to in-
creased capiliary permeability. The pericardial effusion of
hypothyroidism develops progressively over a long time and is
rarely complicated by cardiac tamponade. During exercise,
cardiac output increases normatly in myxedema, in contrast to
the impaired response with congestive heart failure (Table ).

Electrocardiographic, radiographic, and uitrasocund
changes. The most common changes are bradycardia, low
voltage with flattening of the T waves, and prolongation of the
QT interval. The chest radiographs show cardicmegaly with an

abnormal sithouette suggesting pericardial effusion. The peri-
cardial effusion is best diagnosed by echocardiography. in
addition, pleural effusions can be present. A recent evaluation
of patients with untreated hypothyroidism by M-mode echocar-
diography revealed evidence for asymmetrical hypertrophy of
the ventricular septum.® This is completely reversible with res-
toration of the euthyroid status. These studies also indicate that
long-standing hypothyroidism can lead to a reversible obstruc-
tive cardiomyopathy that resembles idiopathic hypertrophic
subaortic stenosis.®

Table Il summarizes the changes in cardiac function induced
by hypothyroidism.

Table lll. Distinction Between Congestive Heart Failure
{CHF) and Myxedema Heart Disease

MYXEDEMA CHF
Pulmonary Congestion None T
Pulmonary Artery Pressure Normal T
Right Ventricular Pressure Normali
Pleural Effusion Protein Content High Normal
Cardiac Output During Exercise T -4
T= increased [ = decreased - = unchanged

Hypothyroidism and Coronary Artery Disease

Controversy exists as to whether there is an increased prev-
alence of atherosclerosis in patients with hypothyroidism. In
one study, the authors noted a twofold increase in atheroscle-
rosis among hypothyroid patients when compared with an age-
matched group of euthyroid subjects.® in spite of this, there
was no increase in the prevalence of myocardial infarction
among the hypothyroid patients, possibly due to a decreased
rate of cardiac metabolism. In another study, however, an in-
creased prevalence of atherosclerosis was found among
hypothyroid patients but only in those patients with concom-
itant hypertension.™ It is widely accepted that other risk factors
for atherosclerosis are increased in hypothyroid patients, in
particular, hypercholesterolemia, hypertriglyceridemia, and
hyper-beta-lipoproteinemia.

Diagnosis and Treatment

The most helpful laboratory values for establishing the di-
agnosis of hypothyroidism are an elevated thyrotropin (TSH)
level and decreased T,4 values (see Surks Ml, Thyroid Today,
Volume I, Number 4, 1977). After the diagnosis is made, thyroid
hormone replacement therapy with thyroxine should be started.
It is important to start a patient with cardiovascular disease on
a slow replacement program, starting with 0.0125 mg T, per
day and doubling the dose after three to four weeks. After three
to four weeks on 0.025 mg T,, this dose can be doubled every
three to four weeks until a euthyroid state is reached. The slow
replacement program rarely leads to the development of angi-
na pectoris. Alternate replacement programs have recently
been suggested for markedly myxedematous patients in whom
rapid improvement of the cardiac status is deemed important.
intravenous administration of 50 wg T; has led to a normaliza-
tion of the prolonged pulse wave arrival interval within 24
hours.*' Oider reports have suggested that some patients can-
not tolerate full replacement doses of thyroid hormones be-
cause of the development of marked angina pectoris.® Great
caution and careful supervision of the patients during the
establishment of the thyroid hormone replacement program is
therefore of the utmost importance. The occurrence of true
congestive heart failure in hypothyroid patients may require
digitalization; due to the prolonged half-life of digitalis, one half
of the regular digitalis dose should be used.
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