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HYPOTHYROIDISM is often complicated by coronary sclerosis and cardiac 
failure1• It is generally believed that the coronary sclerosis is mainly caused 

by the disturbed lipoid metabolism2• The cardiac failure, however, is less weIl 
understood. Five explanations for cardiac insufficiency, if present in hypothyroid 
patients, can easily be found: 

A. Evidence has been presented3,4 that the rate of hearts contracting in vitro 
depends among others on the thyroid function of the animal from which those 
hearts were derived. These experiments suggest a direct effect of the thyroid 
hormone on the myocardium. 

B. The hypometabolism of the body as a whole causes a decreased peripheral 
blood flow which results in a diminished venous return, possibly causing an 
insufficient cardiac outputs. According to this view, the hypofunction of the heart 
is not located in the myocardium itself, but in the hypometabolism of the organism. 

C. In some papers6,7 a diminished catecholamine content of myocardium 
derived from hypothyroid animals is mentioned. Whalen8 and Gaffney9 produced 
evidence that the performance of the heart is related to its catecholamine content. 
Therefore it can be thought possible that the hypofunction of a myxedematous 
heart is due to a diminished amount of catecholamines. 

D. The fourth explanation for the hypofunction of the hypothyroid heart can 
be found by considering its anatomical changes; "Das myxoedeem Herz"lO. 

E. If in myxedema patients a severe coronary insufficiency exists, this may, 
at least in part, also impede the cardiac function. McBrien and Hindlell went so 
far that they claim that heart failure, if present, in myxedema patients is only 
due to coronary sclerosis and they deny an effect ofhypothyroidism of itself. 

Studying the contractility of isolated perfused hearts derived from hypothyroid 
rats, we have tried to elucidate the alternatives mentioned above. Under these 
experimental conditions the heart contractions are not influenced by venous 
return (A) 12 ; the effect of thyroid hormone on the heart applicated in vitro or in 
vivo can easily be studied (B). Af ter the experiments the catecholamine content 
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Figure 1 
Comparison of the rate of the sinus rhythm and that of the idio-ventricular rhythm of normal rat 
hearts (closed circles) and ofhypothyroid rat hearts (open circles). The difference in rate in both 

groups is evident. 

present in normal hearts could not be demonstrated in hypothyroid hearts. 
This is shown in Fig. 2 derived from a representative experiment. It has already 
been said, that in isolated mammalian he arts perfused according to Langendorff 
mechanisms such as increased diastolic filling or increased diastolic lengthening 
of the myocardial fibers cannot be operative12• So that under these experimental 
conditions the decrease of the contractility of the hypothyroid hearts is probably 
caused by the lack of circulating thyroid hormone in the living anima!. 

We therefore tried to restore the contractility of these hearts by adding T3 or 
Triac to the perfusion fluid. In Fig. 3 is demonstrated that the contractility cannot 
be restored to normal by adding 20jlg T3 to 1 liter of perfusion fluid. Attempts 
to get an in vitro effect of T3 by increasing the duration of the perfusion up to 
6 hours or by adding albumin to the perfusion fluid also failed. 

Knowing that adding T3 or Triac to the perfusion fluid remained without any 
effect on rate and the contraction mechanism we studied the influence of admi
nistering T3 to the intact anima!. It was found that 3 X 5jlg T3 injected intra-
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B CONTRI SEC 

Relation of rate to contractility of a normal rat heart (continuous line with c10sed circles) and of a 
hypothyroid rat heart (broken line with open circ1es). It can be seen that an increase in contraction 
amplitude originated by the increase of stimulation rate present in the normal heart is lacking 

in the heart of the hypothyroid rat. 
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Figure 3 
Relation of rate to contractility of a heart derived from a hypothyroid rat during perfusion without 
(open circ1es) and with (cross-marks) the addition of 20"" g triiodothyronine (T3) to the perfusion 

fiuid. An effect of T3 cannot be demonstrated. 
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peritoneallyon respectively 18, 12 and 6 hours before the experiment almost 
normalized the spontaneous frequency and the relation of frequency to con
tractility. 

The latter is demonstrated in Fig. 4. The injecting of 1 X or 2 X 5 Jlg T3 had 
intermediate effects. 

If in normal hearts a high stimulation rate is suddenly altered into a lower 
frequency, the amplitude of the fust contractions of the lower frequency is in-
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Figure 4 
Relation ofrate to contractility of a heart derived from a hypothyroid rat. Respectively on 6, 12 
and 18 hours before the experiment 5 p,g triiodothyronine was injected intraperitoneally. The 
relation of rate to contractility has almost been restored to normal. This diagram should be 

compared with those in Fig. 2 and 3. 

creased in comparison to the amplitude of the contractions of the foregoing 
higher frequency. This is another aspect of the relationship between rhythm 
and contractility and is called "post-stimulation potentiation"23. This poten
tiation phenomenon has quantitatively highly been diminished in hearts derived 
from hypothyroid hearts. This is demonstrated in Fig. 5. The upper curve shows 
the contraction pattern of a normal heart, the lower curve that of a hypothyroid 
heart. In the normal heart the increase in contraction height originated by the 
high frequency period amounts to 5 mm (on the curve) while in the hypothyroid 
heart this is less than 2 mmo These values were fOllnd by substracting the ampli
tude of one beat of the first low frequency period (thus preceding the high fre
quency) from the amplitude of the first contraction of the second low frequency 
period (following the high frequency). 
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Figure 5 
Electrocardiograrn, contractions and perfusion pressure of a norrnal heart (upper curve) and of a 
hypothyroid heart (lower curve). The figures 3-5-3 represent the frequency in contractions/sec., 
thus 3/sec. etc. The "post-stirnulation potentiation" (23) in the normal heart arnounts to 5 rnrn 

(on the curve) and in the hypothyroid heart 2 mm (on the curve). 

Swanson24 has demonstrated that thyroidectomy inhibits and thyroxin poten
tiates the calorigenic effect of epinephrine in rats. Something analogue could 
be found for the effect of epinephrine on the contractility of the heart. In Fig. 6 
the records of a normal heart (upper curve) and of a hypothyroid heart (lower 
curve) are shown. To prevent an increase in frequency by the epinephrine the 
effect of epinephrine on the contractility of the hearts was studied during artificial 
stimulation. 

It is demonstrated that in a normal heart 0.5 Jlg epinephrine injected into the 
canula leading to the heart causes an increase of contraction-height from 17 to 
27 mm (on the curve) while the same dose of epinephrine given to a hypothyroid 
heart increases the amplitude from 15 to only 17 mm (on the curve). We finally 
studied the catecholamine content of the myocardium of 8 normal and of 8 
hypothyroid rat hearts. The results of the nor-epinephrine analyses of the myo
cardial tissue are summarized in the diagram in Fig. 7. 

A statistical significant difference bet ween normal and hypothyroid hearts 
could not be demonstrated. The epinephrine contents are not shown in the diagram 
being nihil in both groups. 

The histological slices made and studied by Dr J. Büller revealed a distinct 
difference between the structure of normal hearts tissue and of hypothyroid 
hearts tissue. The myocardium of the normal he arts was, apart from some edema 
inherent to the experimental procedure, quite normal while the myocardium 
of the hypothyroid hearts showed more edema, fibrosis and degeneration of the 
muscie fiber. 
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Figure 6 
Electrocardiogram, contractions and perfusion pressure of anormal heart (upper curve) and of a 
hypothyroid heart (lower curve). 0.5 {tg epinephrine causes an increase of contraction-height 
from 17 to 27 mm (on the curve) in the normal heart while the same dose of epinephrine given 

to a hypothyroid heart increases the amplitude from 15 to 17 mm (on the curve) only. 
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Nor-epinephrine content in lig pro gram myocardial tissue in perfused normal hearts (controls : 
open circles) and in perfused hypothyroid hearts (hypothyroid: closed circles). There is no statistical 

significant difference in nor-epinephrine content between the two groups. 
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Since these histological differences could be thought responsible for the diffe
rences in contractility described, the histological slices of the hearts derived from 
the hypothyroid rats injected with T3 before the experiment were also investigated. 
Despite the fact that frequency and contractility of these hearts were almost 
completely restored to normal, the myocardium as weIl showed the pathological 
findings of the hearts of the untreated animaIs. These findings suggest that the 
anatomical changes are not necessarily responsible for the low frequency or the 
disturbed contractiIe mechanism of hypothyroid rat hearts. 

We have tried to evaluate the effect of an eventual coronary insufficiency in the 
myxedematous hearts by comparing the coronary flow in a number of these 
hearts with that of the normal hearts. No significant difference between the 
coronary perfusion rates in both groups could be demonstrated. 

DISCUSSION 

Our findings give rise to the following remarks: The bradycardia in myxedematous 
patients is not necessarily only caused by the low body temperature but also by the 
lack of the frequency stimulating effect of thyroid hormone as demonstrated 
in . this and other papers3,4 (See A above). 

The question whether or not Starling's law can explain heart failure in intact 
beings, faUs outside the scope of this work25• 

Anyhow, it is demonstrated that under our experimental conditions a decrease 
of myocardial contractiIity can occur by lack of thyroid horrnone only. Factors as 
decreased venous return, claimed to be responsbie for cardiac failure in myoxedema 
patients, can of course not be responsible for the hypofunction of isolated perfused 
hearts. I therefore question the explanation given by Priedberg5 that a decreased 
venous return is exclusively responsible for the cardiac insufficiency in hypo
thyroid patients (see B above). It was demonstrated that hypothyroidism inhibits 
the effect of epinephrine on myocardial contractiIity in vitro. The speculation 
seems to be justified that a normal catecholamine stimulus (if normal) on cardiac 
function is also inhibited by hypothyroidism in patients. The difficulties with 
the estimation of catecholamine content in sm all amounts of heart muscle do not 
justify a definite opinion about the epinephrine- and nor-epinephrine content • 
of the hearts in our experiments. Slight differences may still be responsible for the 
differences in mechanical behaviour ofnormal and hypothyroid hearts. 

However, the possibility to restore the contractiIity by giving small amounts 
of T3 to the animal a short time before the experiment does not seem to make 
the catecholamine content theory very likely (see B above). 

The explanation of the anatomical changes (see D above) does not seem to be 
valid for the cardiac hypofunction either. ContractiIity and frequency can be 
restored to almost normal values without restoration of the pathological histo
logical findings. A diminished coronary flow could not be demonstrated in the 
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he arts of the hypothyroid animals. So we can claim that he art failure in myxedema 
patients need not exclusively be due to coronary insufficiencyll. 

CONCLUSION 

Thyroid hormone of itself or via (unknown) intermediates can restore the inhi
bitory effect of hypothyroidism on rate and contractility of the heart. 

Therefore cardiac failure in myxedema patients is more likely to be caused by 
() lack ofthe action of the thyroid hormone on the myocardium than by other factors 

such as dirninished venous return or catecholarnine content of the heart muscle. 
The cardiac insufficiency in hypothyroid patients can; at least in part, be explained 
by the inhibitory effect of hypothyroidism on catecholamine stimulus. 

, 

• 

SUMMARY 

The possible factors which may explain cardiac insufficiency in myxedematous 
patients are discussed. To evaluate these factors and to find out whether or not 
thyroid hormone influences cardiac function of itself, rate and contractility of 
isolated perfused hearts ofhypothyroid rats were stu:!ied. 

Hypothyroidism was achieved by thyroidectJmy followed by administration 
of 1131 au:! checked by P.B.I. estimation and 1131 uptake. After the experi
ments the histology of the hearts was studied and the catecholamine content of 
the myocardium analyzed. It was found that heart rate and contractility have 
diminished in comparison to those of normal animals. Adding triiodothyronine 
(T3) to the perfusion fluid had no effect but intraperitoneal injection of small 
amounts of T3 a 1/2 to 1 1/2 hour before the perfusion experiment normalized 
the he art rate and the contractile mechanism almost completely. The catecholamine 
content of the heart muscle was found to be equal in both the normal and the 
hypothyroid rats. These findings demonstrate that current concepts about cardiac 
insufficiency in myxedematous patients are not likely to be true. Thyroid hormone 
is a specific factor which has a direct (or viaunknown intermediates) important 
influence on rate and contractility ofheart-muscle 
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