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INTRODUCTION 

The cardiac man ifestations of hyperthyroidism are among the 
earliest and most consistent phenomena of this disorder. Palpi
tations, tachycardia, arrhythmias, cardiac enlargement , increased 
pulse pressure and occasionally even frank congestive heart fail
ure are among the clinical signs referable to hyperthyroidism. 
Over the years a great deal of controversy has been generated in 
two specific areas: (1) The basic pathophysiologic mechanism for 
the hyperdynamic circulatory state and (2) whether or not hyper
thyroidism alone can result in cardiac hypertrophy and/or conges
tive heart failure in the absence of an additional complicating 
cardiac abnormality. In this presentation we will briefly review 
the available clinical and experimental evidence concerning the 
pathophysiology of the cardiac manifestations of hyperthyroidism 
in an attempt to provide a rational framework for the diagnosis 
and treatment of this disorder. Emphasis will be placed on re
cent experimental animal studies due to the relative paucity and 
impracticality of comparable studies in man. 

CARDIAC PATHOPHYSIOLOGY IN HYPERTHYROIDISM 

Mechanism of Action of Thyroid Hormones 

At this time there is no generally accepted unifying hypothesis 
which can explain the multifaceted actions of thyroid hormones. 
However, two hypotheses which have recently been advanced may help 
clarify a number of aspects of thyroid hormone action at the molec
ular level. The first bears on the mechanism of initiation of 
thyroid hormone effects in the cell nucleus, and the second attempts 
to relate thyroid hormone effects to sodium transport and thermo
genesis. 

Increasing evidence suggests that thyroid hormones initiate 
their effects by augmentation of the transcription of genetic in 
formation. This concept was introduced by Tata and hi s co-workers 
on the basis of observations in thyroidectomized rats injected with 
triiodothyronine (1) . The first biochemical change noted was an 
increased incorporation of orotic acid into rapidly labeled nuclear 
RNA. Incorporat ion was soon followed by stimulation of RNA poly
merase, and later by an increase in the rates of protein synthesis 
and oxygen consumption. Inhibitors of protein synthesis , such as 
actinomycin D, could block the effects of thyroid hormone (2). 
These findings suggest that the effects of thyroid hormones are 
largely caused by new prote in synthesis brought about by enhanced 
transcription of DNA. Al though some workers still favor the mito
chondria as the initial site of action of thyroid hormone (3,4), 
the recent demonstra tion of specific nuclear binding sites for 
iodothyronines provides further support for Tata's viewpoint (5). 
The preferential binding of T rather than T also supports the 
premise that the biologically3active thyroid4hormone is primaril y 
T3 . 



A characteristic effect of thyroid hormone in virtually all 
sensitive tissues is an enhancement of resting oxygen consumption 
and heat production . Recent reports from Edelman 1 s laboratory 
suggest a relationship between the calorigenesis induced by thyroid 
hormone and the energy required for maintenance of intracellular
extracellular sodium and potassium gradients (6) . The maintenance 
of low . intracellular sodium and high intracellular potassium+con
centrations is a function of the membrane-bound enzyme, Na -K 
ATPase. The ion exchange activity of this sodium pump accounts 
for over half of the body 1 s tota 1 caloric expenditure in the euthy
roid state. Edelman found that the in vltr~ a~dition of ouabain, 
considered to be· a specific inhibitor of Na -K ATPase, substantial
ly reduced the enhancement of oxygen consumption which results from 
T administration (6). On the basis of this observation it was 
pgstulat~d that a major role of thyroid hormones is stimulation 
of Na -K ATPase activiiY. As shown schematically in Figure 1, 
the activation of Na -K ATPase results in increased production of 
ADP from ATP. Since ADP tightly controls mitochondrial oxygen con
sumption, the net effect is increased oxygen consumption and ATP 
generation providing a possible explanation for the calorigenic 
effects of thyroid ~ormones. It has been postulated that this 
activation of Na -K ATPase results from the synthesis of pr~teins 
one or more of which affects .energy consumption in active Na 
transport, thus, conforming to the basic mode of initiation of 
thyroid hormone effects suggested by Tata (Figure 2). Although 
neither of these hypothesis has been confirmed, they do provide 
a possible basis for understanding the multiplicity of cellular 
effects produced by thyroid hormones and should be considered in 
any attempt to explain the effects of thyroid hormones on the heart. 
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Figure 2 

Speculative Model of Thyroidal Control of Na+ Pump Activity via 
Induction of RNA and Protein Synthesis. 

T is assumed to bind to an intracellular receptor that regu
lates ~NA-dependent DNA synthesis. The induced messenger RNA (mRNA) 
dictates the synthesis of pro~eins, one or more of which affect en
ergy consumption in active Na transport. This effect may be a re
sult of the synthesis of new pumps and insertion in membrane loci 
or the unmasking of dormant pump sites or augmentation of the ac
tivity of sites previously present and active. 

Sympathoadrenal - Thyroid Interactions 

The striking similarities between the effects of excessive 
thyroid hormone and enhanced sympathoadrenal activity have long 
been recognized. A definite adrenergic contribution to the clinical 
manifestations of hyperthyroidism was first suggested by the finding 
that total or near total sympathetic block produced by the subarach
noid injection of procaine could successfully relieve or prevent 
thyrotoxic storm (7). With this information in mind, Brewster and 
co-workers (8) performed a landmark study in dogs which unequivocally 
demonstrated a major role for the sympathoadrenal system in produc
ing the cardiovascular manifestations of experimental hyperthyroid
ism. This study stimulated the use of sympatholytic agents such 
as reserpine (9), guanethidine (10), and more recently, propranolol 
(11,12), as therapy for hyperthyroidism in man. These agents uni
formly decreased the tachycardia, pulse pressure, cardiac output 
and oxygen consumption toward normal levels in these patients . 
Thus, it seems clear that a substantial portion of the cardiovas
cular manifestations of hyperthyroidism are due to sympathoadrenal 
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activity. However, despite extensive investigation a great deal 
of uncertainty still persists in regard to the exact nature of the 
sympathoadrenal-thyroid hormone interaction in the heart. 

Possible interactions between thyroid hormones and the sympatho
adrenal system include : 

1. Adrenergic receptors of target cells might be sensitized 
by thyroid hormone to the activating effects of catechol
amines resulting in a potentiated response. 

2. Tissue levels of free catecholamines might be increased 
by thyroid hormone via one of several mechanisms: 

a. Interference with catecholamine inactivation or re 
moval . 

b. Increased catecholamine release from the adrenals. 

c. Increased catecholamine release per sympathetic nerve 
impulse. 

d. Increased sympathetic nerve impulse traffic from the 
central nervous system . 

Most of the studies reported prior to 1960 suggested that 
both the pressor and chronotropic responses to exogenously adminis
tered catecholamines were potenti ated by hyperthyroidism (13,14). 
The most influential report in this regard was the previously men 
tioned study by Brewster and co-workers (8) in euthyroid and hyper
thyroid dogs. These investigators studied the effects of catechol
amine infusion after thiopental anesthesia and spinal epidural block 
with procaine. Procaine block was used in an attempt to inhibit 
the sympathetic nervous system. They found that the increases in 
heart rate, cardiac index, left ventricular stroke work, and oxygen 
consumption seen in the hyperthyroid dogs were reduced to euthyroid 
levels after procaine block. Futhermore, they reported that either 
epinephrine or norepinephrine infusion caused a greater increase 
in heart rate, cardiac index, and oxygen consumption in the hyper
thyroid animals than in the euthyroid dogs . On the basis of these 
findings, Brewster suggested that the metabolic and hemodynamic 
effects of hyperthyroidism were not the result of a direct action 
of thyroid hormone, but rather were due to the physiologic effects 
of catecholamines as augmented by excess thyroid hormone . However, 
careful analysis of Brewster•s data reveals several inconsistencies 
and shortcomings. For instance, both norepinephrine and epinephrine 
produced greater effects on heart rate, cardiac index, and right 
ventricular stroke work in hyperthyroid dogs, but only norepinephrine 
produced an enhanced fall in atrial pressures. The effects of 
neither amine on blood pressure and left ventricular stroke work 
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were increased in hyperthyroidism. None of their data was subjec
ted to statistical analysis. Furthermore, spinal epidural block
ade with procaine does not specifically block sympathetic nerve 
impulses; thus, blockade of parasympathetic or spinal reflexes 
could well have influenced the results. A more critical error was 
the use of only a single dose of epinephrine or norepinephrine in 
the studies designed to test for catecholamine hypersensitivity 
in hyperthyroidism. As succinctly delineated by Trendelenberg (15) 
any conclusions regarding tissue catecholamine hypersensitivity 
require studies utilizing a wide range of catecholamine concen
trations in order that a decrease in either the threshold concen
tration or half-maximal activity (K ) can be shown. 

In general, virtually all of tWe early studies (13,14) purport
ing to show an altered responsiveness to the cardiovascular effects 
of catecholamines in hyperthyroidism shared one or more of the de
fects of the Brewster study (8). Thus, their conclusions must be 
viewed with considerable skepticism. 

More recently, a number of studies have appeared that have 
largely met the criticisms mentioned above (16- 23). Almost invari
ably, these latter studies have failed to document an enhanced sen
sitivity of the cardiovascular system in hyperthyroidism to the ef
fects of exogenous or endogenous catecholamines. Van der Schoot 
and Moran (16) found no potentiation of the positive inotropic or 
chronotropic effects of epinephrine and norepinephrine on the iso
lated dog heart (Figure 3) or on the isolated atrium or ventricular 
strip of thyroxine-treated rats. These workers (17) also performed 
a study similar in many regards to that of Brewster, et al (8) , 
using epidural block with procaine but were unable to find any 
evidence of catecholamine hypersensitivity in hyperthyroid dogs. 
Margolius and Gaffney (18) found similar blood pressure and heart 
rate responses to exogenously administered norepinephrine and to 
several frequencies of cardiac sympathetic nerve stimulation in 
hyperthyroid and euthyroid dogs (F igure 4). Cairoli and Crout (19) 
noted no alteration in the heart rate response to various concentra
tions of norepinephrine in hyperthyroid rats. Buccino, et al (20) 
and Levey, et al (21) noted no enhancement of the contractile ef
fects of graded doses of norepinephrine in isolated papillary mus 
cles from hyperthyroid cats (Figure 5) . 

Similar studies in man have tended to confirm the recent ex
perimental animal studies. Wilson and his associates (22,23) found 
that isoproterenol, epinephrine, and norepinephrine produced similar 
increases in heart rate and decreases in mean atrial and mean ar
terial pressures in euthyroid human subjects before and after tri
iodothyronine-induced hyperthyroidism. 
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Figure 3 
From Van der Schoot and Moran (16) 

Influence of graded doses of norepinephrine and epinephrine 
on heart rate and cardiac contractile force of 17 normal dogs and 
17 dogs pretreated with thyroxine (1 mg/kg/day) for 3 weeks. 
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Figure 4 
From Margolius and Gaffney ( 18) 
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Figure 5 
From Levey, et al (21) 

Effects of norepinephrine on isometric tension and rate of 
tension development in isolated right ventricular papillary mus
cles from 12 euthyroid and 10 hyperthyroid cats. 
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In contrast to these studies, Wildenthal (24} recently reported 
that spontaneously-beating hearts from late f etal mice sustained 
in organ culture had an enhanced sensitivity to the chronotropic 
and arrhythmogenic effects of exogenously administered norepinephrine. 
The physiologic significance of these findings in artifically sup
ported fetal hearts whose endogenous catecholamine content has been 
depleted remains to be determined. 

In summary, the weight of experimental evidence at this time 
strongly suggests that the hea~t is not hypersensitive to the ef
fects of catecholamines in hyperthyroidism . It therefore seems 
likely that increased tissue levels of catecholamines must be re
sponsible for the prominent adrenergic component of the hyperdynamic 
circulatory state of hyperthyroidism. Such an increase in tissue 
levels is probably not brought about by increased norepinephrine 
release from cardiac sympathetic nerve terminals since Margolius 
and Gaffney (18) found no enhancement of the heart rate response 

· when the cardioaccelerator nerves were stimulated in hyperthyroid 
dogs (Figure 4). 

The possibility that increased adrenal medullary secretion 
of catecholamines could contribute to the cardiovascular manifesta
tions of hyperthyroidism has been the subject of numerous conflict
ing reports (25). The current consens 0us i s that hyperthyroidism 
does not significantly alter the plasma or urinary levels of cate
cholamines or their metabolites. Future contributions in this 
area using more sensitive and reproducible techniques may help to 
resolve this question. 

· M ocardial inactivation of e ine hrine has been studied by 
Wurtman and co-workers 26 in hyperthyroid rats . They found that 
the activity of the two enzymes which break down catecholamines, 
catechol-0-methyl transferase and monamine oxidase were not altered 
by hypert2yroidism. Howeve3, they noted that a greater amount of 
injected H-epinephrine or H-norepinephrine is delivered to the 
heart in hyperthyroidism and that there is a concomitant decrease 
in catecholamine binding or inactivation resulting in an increased 
myocardial catecholamine level. If such a mechanism were operative 
it would be expected that the cardiac response to a given dose of 
catecholamine would be enhanced in hyperthyro i dism . Several pre
viously mentioned studies have failed to document such a potentiation 
both in the rat as well as other species (16- 23) . Thus, the impor
tance of these findings by Wurtman remains to be defined. 

The possibility that enhanced sympathetic nerve traffic re
sulting from central nervous system activation may account for the 
adrenergic stimulation characteristic of hyperthyroidism has not 
been investigated. Such a mechanism would act by increasing the 
concentration of catecholamine at cardiovascular effector sites 
rather than altering the sensitivity of these receptors to a given 
amount of catecholamine. In view of the prominent central nervous 
system effects frequently seen in hyperthyroidism, this would ap
pear to be a fertile area for future research. 
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Direct Cardiac Effects of Thyroid Hormones 

The possibility that thyroid hormone exerts a direct effect 
on the heart independent of the sympathoadrenal system was sug
gested as early as 1932 by Markowitz and Yater (27) . These work-
ers studied the effect of thyroxine added to heart fragments of two 
day old chick embryos which were devoid of functioning adrenergic 
tissue. They found that the rate of beating of those cells incubated 
with thyroxine was significantly greater than that of controls after 
twelve hours of hormone exposure . Additional evidence that thyroid 
hormone exerts a direct chronotropic effect on the heart can also 
be inferred from studies of the effect s of sympatholytic agents 
in hyperthyroidism (9-12) . In general, these studies demonstrated 
that the antiadrenergic agents decreased the tachycardia of hyper
thyroidism but not to levels seen in normal, resting subjects. 
In addition, two studies failed to show any effects of antiadrener
gic agents on the tachycardia of hyperthyroidism (28,29) . Cairoli 
and Crout (19) studied the effect of combined sympathetic and para
sympathetic blockade on the tachycardia of hyperthyroid rats . They 
found that atropine plus propranolol or atropine plus reserpine 
did not lower heart rate in the hyperthyroid animals to control 
levels. Thus, it seems clear that the tachycardia of hyperthyroid
ism results from both direct ef fects of thyroid hormone on the heart 
as well as excess adrenergic stimulation . 

It also seems quite clear that excess thyroid hormone causes 
a direct enhancement of myocardial contractility. Buccino, et al 
(20) studied the effects of hyperthyroidism on the intrinsic me 
chanical properties of isolated cat papillary muscles . They found 
that hyperthyroidism caused an enhancement of the rate of isometric 
tension development, a decrease in the time required to reach peak 
tension, and a marked increase in the maximal velocity of muscle 
shortening at light loads. This increase i n the contractile state 
of papillary muscles from hyperthyroid cats was not affected by 
depleting catecholamine stores in these cats by reserpine pretreat
ment (Figure q). Similar findings were reported by Murayama and 
Goodkind (30) in isolated atria from hyperthyroid guinea pigs pre
treated with reserpine. Using indices of myocardial contractility 
derived from external carotid pulse and phonocardiographic tracings, 
Amidi, et al (31) and Grossman, et al (32) found that neither res 
erpine nor sotalol (a cardiospecific beta -blocking agent) signifi
cantly altered the enhanced contractility present in hyperthyroid 
patients (Figures 7 and 8). These experimental and clinical find
ings generally agree that the alterations in the intrinsic contrac
tile function of the heart in hyperthyroidism result almost entirely 
from a direct action of thyroid hormone on the heart . Adrenergic 
mechanisms apparently do not contribute significantly to the en 
hanced myocardial contractility of hyperthyroidism . 
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Figure 6 
From Buccino, et al (20) 

(A) The average force-velocity relationship for papillary 
muscles from 13 hyperthyroid and 12 euthyroid cats with intact 
cardiac norepinephrine stores. Right ventricular norepinephrine 
(NE) concentration is indicated in parentheses. 

(B) The average force-velocity relationship for papillary 
muscles from six hyperthyroid and six euthyroid cats depleted of 
normal epinephrine by reserpine. Right ventricular norepinephrine 
concentration is indicated in parentheses. 
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Figure 7 
From Grossman, et al (32) 

Systolic time intervals 
used as indices of myocardial 
contractility. Shaded bars re
present measurements 10 min 
after intravenous sotalol 
(0.8 mg/kg body weight) . 
Brackets indicate SEM. 
Changes were not statis
tically significant. ICP= 
isovolumic contraction 
period; PEP=pre-ejection 
period; corrected LVET= 
left ventricular ejection 
time corrected for heart 
rate. 
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From Grossman, et al (32) 

Ratio of pre-ejection period 
(PEP to left ventricu l ar ejection 
time (LVET) , used as an index of 
myocardial contractility . Represen
tation is the same as in Figure 7. 
No statistically significant changes 
were noted . 

The basic mechanism by which thyroid hormones exert their cardio
tonic effects has been the subject of extensive investigation . The 
tachycardia characteristic of hyperthyroidism may well relate to an 
increased rate of diastolic depolarization and a decreased duration 
of the action potential in sinoatrial node cells. Such changes were 
consistently observed in a recent study of hyperthyroid rabbits (33) 
either in the presence or absence of propranolol (Figure 9J ~ The 
increased probab 1 ity · of arrhythmias in hyperthyroidism , particularly 
atrial fibrillation, may relate to the shortened refractory period 
and reduced electrical threshold which is observed in atrial cells 
in experimental hyperthyroidism (34) . 
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Figure 9 
From Johnson, et al (33) 

Atrium 

Transmembrane potentials from sinoatrial node and atrial mus
cle fibers in hypothyroid (a), euthyroid (b) and thyrotoxic (c) 
rabbit atria. The membrane potential and time calibrations apply 
to both sinoatrial node and atrium. 
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Mechanism of enhanced contractility 
Several different modes of action have been proposed to explain 

the enhancement of myocardial contractility produced by excess thyroid 
hormone. Levey and Epstein (35) found that thyroid hormone caused 
an immediate rise in adenylate cyclase activity in particulate heart 
preparations from cats and man . This enzyme system is thought to 
mediate the positive inotropic effects of catecholamines and gluca
gon in the heart and could possibly explain the contractile effects 
of thyroid hormone . However , Skelton and co-workers (36) were un 
able to demonstrate an immediate effect of thyroid hormone on the 
contractile function of isolated cat papillary muscles (Figure 10), 
isolated guinea pig atria or the intact dog heart. Thyroxine adminis 
tration for three days was required before definite alterations in 
contractility were observed in the cat . This delayed onset of action 
of thyroid hormone in vivo plus the repeated demonstration that adeny
late cyclase levels-rn animals with induced hyperthyroidism were con
sistently low or normal (25) suggests that activation of adenylate 
cyclase is probably not an important factor in mediating the cardio
tonic effects of excess thyroid hormone . 

TENSION 
(9) 

dT/dt 6 
{gjsec) 3 

MINUTES _ ____,_ 

Figure 10 
From Skelton, et al (36) 

RATE 12/min 
TEMP 37° 

Effect of thyroxine (5xl0-5M) on representative isometrically 
contracting cat papillary muscle during observation period greater 
than 3 hours. dT/dt = rate of tension development. 



Evidence implicating an action of thyroid ho rmone on cardiac 
sarcoplasmic reticulum has also been reported recently (37 ,38 ) . 
Sarcoplasmic reticulum is an intracellular organelle with the 
capacity to accumulate and release calcium during the excitation
contraction-relaxation cycle of cardiac muscle. It probably serves 
as the major intracellular store for the contractile calcium which 
is released during depolarization of the cardiac cell. The sud
den increase in intracellular calcium allows force generating 
cross-bridges to form between actin and myosin filaments result-
ing in muscle contraction . The sarcoplasmic reticulum also actively 
reaccumulates calcium to affect relaxation of the myofibril. In 
heart muscle from hyperthyroid dogs and rabbits, microsomes enriched 
with sarcoplasmic reticulum were found to accumulate and exchange 
calcium at an increased rate (37,38). Conditions which result in 
enhanced uptake and storage of calcium by sarcoplasmic reticulum 
probably result in increased availability of calcium t o the myo
fibrils during activation as well as an enhanced rate of myofibril 
lar relaxation. Thus, alterations in the function of sarcoplasmic 
reticulum may be important in explaining the cardiac stimulatory 
effects of excess thyroid hormone. 
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Figure 11 
From Nayl er, et a 1 ( 37) 
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Figure 12 
From Nayl er, et a 1 ( 37) 

Effect of hyperthyroidism 
on the ability of dog cardi~c 
microsomes to exchange 45 Ca~ 
The results are expressed ~s a 
percentage change in 45 Ca 2 ex
changeability, relative to the 
exchangeability found in micro 
somes prepared from euthyroid 
heart muscle. 
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Several studies have also suggested that alterations in the 
contractile proteins may mediate the myocardial effects of thyroid 
hormone. Enhanced myosin ATPase activity has been demonstrated in 
the hearts from hyperthyroid guinea pigs (39) and rabbits (40 ,41). 
The activity level of this enzyme is thought to regulate the rate 
of turnover of actin-myosin cross-bridge links in cardiac muscle, 
thereby directly influencing the maximal velocity of muscle shorten
ing and rate of isometric tension development. These changes in 
myosin ATPase activity occurred gradually after thyroid hormone 
administration and the appearance of enhanced enzyme activity 
corresponded with the turnover rate of myosin (Table I ) . 

Group 

Cardiac myosin 
Normal 
Thyroxine (1 day) 
Thyroxine (3 days) 
Thyroxine (8 days) 
Thyroxine (21 days) 

Cardiac myofibrils 
Normal 
Thyroxine (8 days) 

Cardiac myofibrils with 
sodium azide (5 X 
10- 3M) 

Normal 
Thyroxine (8 days) 

n 

16 
5 
5 
8 
5 

5 
3 

2 
1 

Table I 

ATPase Activity (X 10-m 
Pi/mg protein -min) 

8.15 
7.86 
7. 56 

10 . 96 
10.56 

0.666 
0 .890 

± 0.185 
± 0. 211 
± 0.636 
± 0.686* 
± 0. 401* 

± 0.0190 
± 0.0321* 

0.640 
0.860 

From Goodk i nd, et a 1 ( 39) 

Values are means + 1 SE. n = the number of groups of ani 
mals studied; data from thyroxine-treated animals in each group 
are compared with results from normal controls . *P < .001. 
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Thyrum, et al (42) reported that the helical content and the 
amino acid composition of myosin isolated from hyperthyroid guinea 
pig hearts differed from that of normal controls. Thus, as might 
be predicted from our earlier discussion of the importance of pro
tein synthesis in the basic mechanism of thyroid hormone action, 
it appears likely that thyroid hormone administration stimulates 
the synthesis of new cardiac myosin with altered enzymatic proper
ties which may result in enhanced contractile capabilities. 

Skelton, et al (43) have recently reported findings which 
provide indirect support for the importance of contractile protein 
changes in mediating the cardiac effects of thyroid hormone. 
Glycerinated papillary muscle strips from hyperthyroid rabbits were 
found to have an enhanced rate of tension development when exposed 
to an appropriate contraction solution. Sarcolemmal and sarcoplas
mic reticular membrane function is largely eliminated by prolonged 
exposure to glycerine . Thus, it seems likely that the contractile 
changes noted in the glycerinated muscle strips from hyperthyroid 
rabbits resulted from a direct effect on the contractile proteins. 

Cardiac Hypertrophy and Failure in Hyperthyroidism 

Enlargement of the ·heart in hyperthyroidism has been recog
nized for over one hundred years. For a great many of these years 
a lively debate has continued as to whether excess thyroid hormone 
could induce cardiac enlargement or failure in the absence of other 
cardiac abnormalities. Even within the past 10 years it has been 
written that in uncomplicated hyperthyroidism in man, no hypertrophy 
of the heart occurs in the absence of complicating cardiac abnor
malities (44,45). However, there is now a substant i al body of 
evidence from many laboratories, including our own, that thyroid 
hormone excess leads to hypertrophy in a number of species and does 
so when the heart is perfectly normal at the onset (44-49). The 
degree of hypertrophy which occurs is usually not extreme, increases 
in left ventricular weight averaging 20% to 90%, depending on the 
duration of thyroid hormone administration . Interestingly, the 
cardiac hypertrophy induced by hyperthyroidism is completely re
versible on discontinuation of thyroid hormone administration (49). 
Despite the development of cardiac hypertrophy, the contractile 
function of papillary muscles obtained from cats given excess thy
roid hormone for 10 months remained enhanced, their contractile 
properties being similar to that characteristically seen in acute 
hyperthyroidism (10-14 days T4 administration) (49) (Figure 13). 
These results are in marked contrast to the depressed contractile 
function seen in muscles removed from animals with right ventricu
lar pressure overload or hereditary cardiomyopathy . 
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Isometric contractile function in papillary muscles from 
euthyroid cats and cats with acute (10 to 14 days) and chronic 
(10 months) hyperthyroidism. 

In most experimental studies of thyroid hormone-induced cardiac 
hypertrophy, there was no progression to frank congestive heart 
failure. However, in the study reported by Piatnek-Leunissen and 
Olson (50) seven of thirty dogs treated with 1.2 mg/kg of thyroxine 
daily for an average of eight months developed objective signs of 
mild congestive failure as manifested by biventricular hypertrophy, 
elevated ventricular end-diastolic pressures, and varying degrees 
of passive congestion of the lungs and liver. Cardiac output re
mained elevated above normal levels in the dogs with failure but 
was slightly lower than the cardiac output in hyperthyroid dogs 
without congestive failure. These findings along with those cited 
previously provide strong experimental evidence that not only 
cardiac hypertrophy but also congestive failure can occur in hyper
thyroidism in the absence of underlying cardiac abnormalities. 
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Documentation of cardiac hypertrophy and/or failure in man 
solely attributable to hyperthyroidism has been more difficult. 
In the frequently referenced paper by Likoff and Levine (51) which 
reported the occurrence of congestive heart failure in 21 patients 
with no demonstrable heart disease except thyrotoxicosis, compli
cating forms of heart disease were ruled out simply on the basis 
of history and physical examination. The absence of typical angina 
was accepted as evidence against coronary atherosclerotic disease. 
The fallacy of this assumption has been amply documented since the 
introduction of coronary arteriography. Similar criticisms can be 
made concerning ~any of the other reports purporting to show thy
roid heart disease as a distinct entity (52-54). Perhaps the most 
objective evidence .of thyroid-induced heart disease in man is the 
study of Sandler and Wilson (55) who found four patients at post
mortem examination with cardiomegaly and/or congestive failure who 
had no pathologic evidence of complicating heart disease. Thus, 
despite less than adequate documentation in man, it seems likely 
that cardiac enlargement and even frank congestive heart failure 
may occur in a small percentage of patients solely on the basis 
of hyperthyroidism. More frequently, cardiac complications result 
when hyperthyroidism presents an added burden to a previously 
compromised heart, most often on the basis of coronary artery 
disease. In either case definitive therapy of the hyperthyroid
ism results in marked improvement of the cardiovascular status and 
hyperthyroidism should always be considered when treating patients 
with cardiac problems since it is a potentially curable form of 
heart disease. 

The pathophysiologic basis of the cardiac abnormalities in 
hyperthyroidism is not clear. Histologic study of hearts from 
hyperthyroid patients and experimental animals have revealed no 
pattern unique for hyperthyroidism. Occasionally foci of lympho
cytic and eosinophilic infiltration, mild fibrosis and fatty infil
tration have been described along with hypertrophy of the myofibrils 
(25). Electron microscopic findings of significance have been large
ly confined to the mitochondria which are frequently increased in 
number and hypertrophied and contain localized areas of vacuoliza 
tion and disorientation of the cristae (56). These changes are 

. completely reversible when the experimental animal is allowed to 
return to the euthyroid state. 

Several mechanisms may be postulated to explain the cardiac 
hypertrophy in hyperthyroidism. The well recognized circulatory 
changes, including a volume overload, an increase in contractility, 
and tachycardia all impose on the heart a demand for greater energy 
generation. Accelerated energy turnover, if sustained , may be read 
as a signal calling for an activation of synthetic processes leading 
to an adaptive growth response . Certain metabolic actions may 
also be important in this regard. Activation of protein synthetic 
processes by thyroid hormone (1) may stimulate cardiac cell growth 
directly. In addition, these synthetic processes themselves require 
energy and stimulate oxygen consumption which may trigger further 
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adaptive growth. Activation of membrane Na+- K+ ATPase (6) would 
also require increased oxygen consumption and energy utili zation 
which might further stimulate adaptive growth. Any direct mitochon 
drial actions of thyroid hormone which accelerate respiration may 
have similar results (3,4). Finally, Skelton, et al (57) have shown 
that in hyperthyroid cats the high energy phosphates utilized during 
cardiac muscle contraction under controlled conditions is much greater 
than expected on the basis of the mechanical work performed (Table 2). 
Thus, in hyperthyroidism cardiac muscle uses energy inefficiently 
during contraction and this mechanochemical uncoupling may also stim
ulate adaptive growth. 

- - --

HYPERTHYROID 

EUTHYROID HYPERTHYROID EUTHYROID 

NO. OF CONTRACTIONS 25 25 100% 

WORK PERFORMED 371 370 100% 
g- cm/g 

rvP USED !tmoles/9 1.78 4 .74 266% 

Table 2 
From Skelton, et al (57) 

Comparative average values for contractile work and high 
energy phosphate (~ P) utilization in papillary muscles from eu 
thyroid and hyperthyroid cats. 
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CLINICAL MANIFESTATIONS 

Signs and Symptoms 

Much of the symptomatology and clinical findings seen in hyper
thyroid patients can be surmised from the physiologic alterations 
previously discussed. Palpitations, heart awareness, and occasionally 
dyspnea on exertion are usually the only cardiac symptoms in the 
younger age groups. In older patients, these symptoms are more 
pronounced and may be associated with the appearance of frank 
congestive heart failure and/or exacerbation of symptoms of assoc
iated heart disease, especially angina pectoris. 

Physical examination of a typical patient with moderate to 
severe hyperthyroidism frequently reveals warm moist skin due to 
peripheral vasodilatation and augmented skin blood flow, increased 
pulse pressure, a resting tachycardia, brisk carotid pulsations, 
and a prominent suprasternal venous hum. Cardiac examination demon
strates an active apical impulse, an increased first heart sound, 
an accentuated pulmonic component of the second heart sound, an 
audible third heart sound, and a basal systolic murmur. Diastolic 
flow murmurs are heard on rare occasions which are probably mitral 
in origin. The well-known Means-Lerman systolic 11 Scratch 11 or 
click is not commonly heard and is thought to be due to the rubbing 
together of normal pleural and pericardial surfaces because of the 
hyperdynamic heart and dilated pulmonary artery. 

Assessment of the sleeping heart rate may be helpful in con
firming the diagnosis of hyperthyroidism and in following the 
patient after initiation of therapy. Unlike euthyroid patients, 
there is little reduction in heart rate in thyrotoxic patients with 
sleep. A sleeping pulse rate of over 80 beats per minute makes the 
diagnosis of hyperthyroidism likely, particularly in older patients. 

Electrocardiographic Findings 

Considering the magnitude of the circulatory changes induced 
by hyperthyroidism, electrocardiographic changes are few. Sinus 
tachycardia and minor non-specific STand T wave abnormalities are 
common but are nonspecific changes. Atrial fibrillation either 
paroxysmal or fixed occurs in approximately 15% of cases (58) 
and is the most important electrocardiographic abnormality in thy
rotoxicosis. It is most often seen in patients with underlying 
heart disease but may also be present in uncomplicated thyrotoxi
cosis. Spontaneous reversion of atrial fibrillation to normal 
sinus rhythm is the rule after the patient is returned to a euthy
roid status (59). 

Less common ECG changes include voltage changes suggestive 
of LVH, notching and slurring of the P wave, P-R interval prolon
gation·, Q-T interval shortening, and transient atrioventricular 
conduction abnormalities, including complete heart block (58-60). 



Roentgenographic Findings 

The chest x-ray is usually normal in uncomplicated thyrotoxi 
cosis. Dilatation and increased pulsation of the pulmonary artery 
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may occur probably secondary to increased pulmonary flow. Moderate 
cardiac enlargement is seen infrequently but when present it rarely 
returns to normal after effective antithyroid treatment (46). This 
probably is explained by the presence of concomitant cardiac disease 
since the moderate degrees of hypertrophy resulting from hyperthyroid
ism alone are probably not usually detected on the routin~ chest x- ray. 

Apathetic Hyperthyroidism 

The diagnosis of hyperthyroidism in elderly patients is fre
quently difficult because of the absence of typical hyperkinetic 
and ocular findings (61). A small group of elderly patients who 
are particularly difficult to identify on clinical grounds present 
an apathetic, placid facies suggesting myxedema rather than thy
rotoxicosis (62). The salient clinical characteristics which help 
to identify a patient with apathetic thyrotoxicosis include : 

1. Elderly patient with placid, apathetic facies. 
2. Small goiter . 
3. Presence of depression or lethargy . 
4. Absence of usual thyrotoxic ocular manifestations. 
5. Substantial muscular weakness and wasting . 
6. Excessive weight loss . 
7. Cardiovascular dysfunction with atrial fibrillation. 

The identification of these apathetic patien~s is extremely 
important since they frequently present with severe cardiac dys 
function which is resistant to the usual modes of therapy . Dramatic 
improvement may result with initiation of appropriate antithyroid 
therapy. 



TREATMENT OF THYROID HEART DISEASE 

The obje.ct of therapy in the patient with heart disease and 
thyrotoxicosis is control of the hypermetabolism as soon as possible . 
Unfortunately, definitive medical therapy with either antithyroid 
drugs or radioactive iodine requires a long and variable period 
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of time, usually several weeks to months . Therefore , therapeutic 
interventions which rapidly control the cardiac manifestations of 
hyperthyroidism before the onset of dire complications such as con
gestive heart failure are desirable in many patients and may be of 
critical importance in patients in the older age groups who frequently 
have coexisting atherosclerotic or hypertensive heart disease. 
Since many of the cardiac manifestations of thyrotoxicosis are par
tially the result of excessive adrenergic stimulation, immediate 
therapeutic efforts have recently been directed at interupting the 
adrenergic component in hyperthyroidism. The remainder of this 
presentation will primarily deal with this aspect of therapy. 
The reader is referred to standard texts for details of long-term 
antithyroid therapy with drugs or radioiodine . 

Sympatholytic therapy in hyperthyroid patients with cardiac 
manifestations has primarily cons i sted of the use of reserpine, 
guanethidine, and propranolol. Each of these agents has been quite 
successful in ameliorating the tachycardia, palpitations, tremor, 
restlessness, muscle weakness, sweating, and heat intolerance of 
thyrotoxicosis (63-65) . Reserpine and guanethidine also relieve 
lid lag and led retraction, whereas propranolol is ineffective in 
this regard. Reserpine and guanethidine have a slow onset of action 
which limits their applicability in acute situations such as thyroid 
storm and they both deplete tissues of catecholamines which may de
press cardiovascular reflexes needed under stressful situations such 
as general anesthesia. Reserpine has the further disadvantage of 
occasionally causing severe mental depression in susceptible patients. 
Guanethidine therapy is frequently limited by the development of 
significant postural hypotension. In view of these limitations, 
propranolol has largely superceded reserpine and guanethidine in 
the adjunctive therapy of the adrenerg i c manifestations of hyperthy
roidism. 

Propranolol exerts its effects by competitively blocking 
beta adrenergic receptors in the heart and other tissues . This 
action does not result in tissue catecholamine depletion . The drug 
is rapidly effective either by the oral or intravenous route. The 
peak effect after oral administration occurs within 1 to 2 hours, 
with a half-life of approximately 3 hours (66) . Intravenously, 
the peak effect is observed within minutes with an apparently bi
phasic half- life, one about 10 minutes and the other approximately 
2 hours. The rapid onset of action of propranolol is a definite 
advantage in the early management of acutely ill patients with 
thyrotoxicosis. The oral dosage is variable but 40 to 160 mg 
daily in four divided doses generally is effective in relieving 



the adrenergic manifestations of hyperthyroidism . Intravenous 
administration has been reserved for emergency situations such 
as thyrotoxic storm where 1 to 2 mg of propranolol may be given 
repeatedly over a fifteen minute period until symptomatic benefit 
is obtained (65). The effective dose of propranolol (usually 
less than 10 mg) may then be repeated after 4 to 6 hours until 
the emergency situation is resolved. 

Propranolol is a myocardial depressent and is contraindicated 
in patients with the usual types of congestive heart failure. 
However, it is evident that many cases of cardiac failure in hyper
thyroidism are rate related and propranolol would be useful under 
these circumstances despite the presence of heart failure. Before 
using propranolol in this situation, the patient should first be 
treated with the usual regimen for congestive heart failure including 
digitalis. Although hyperthyroid patients may be somewhat resis
tant to the effects of digitalis for reasons most likely involving 
such factors as absorption, distributi on and metabolism, the drug 
should be given in effective doses. Following digitalization, 
propranolol may then be given either orally or intravenously under 
careful monitoring, preferably in an intensive care unit with all 
necessary personnel available to treat any untoward result . Under 
these conditions, it is possible to rapidly and safely determine 
whether heart rate reduction will improve congestive heart failure. 

Despite its marked beneficial effect in hyperthyroidism, sev 
eral parameters remain partially or completely unchanged after pro
pranolol therapy. Although reports are conflicting (63-65), oxygen 
consumption remains elevated in most instances. Heart rate , cardiac 
index, and pulse pressure though markedly reduced by propranolol 
rarely return to basal levels. Weight loss appears to stabilize, 
but weight gain does not regularly occur. The size of the goiter 
remains unchanged since propranolol does not alter the basic etio
logic stimulus to the thyroid gland which results in thyroid cell 
growth and excess thyroid hormone production . Serum cholesterol 
and thyroid function tests are not altered by propranolol. Thus, 
it is apparent that the basic metabolic abnormality in hyperthyroid
ism is not changed by propranolol and that it is mandatory to com
bine antiadrenergic therapy with definitive antithyroid therapy 
in the long-term management of thyrotoxicosis. 
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