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THE THYROID GLAND AND THE CARDIO-
VASCULAR SYSTEM

For 155 years, since the day when Parry saw his first case
of exophthalmic goitre with cardiovascular manifestations,
the relationship between the thyroid gland and the heart
has stimulated the interest of physicians. Parry's excellent
description of this case and five others was published in
1815 and again in 1825. In addition to goitre, overaction
of the heart and carotids, irregular tachycardia, and con-
gestive failure, he noted nervousness, exophthalmos, sweats,
and diarrhoea. Graves, unfamiliar with Parry's observa-
tions, published his views on the relation of thyroid swelling
to palpitations in 1835. He thought that functional dis-
order of the heart was primary, and that the thyroid gland
was flooded with blood so that it swelled as if it were erectile
tissue. He believed that many cases of globus hystericus
might be explained by such a mechanism. To these views
he added no fact unrecorded by Parry, and' his clinical
description was inferior. Basedow in 1840 wrote a fuller
and more vivid account than Parry. His description of
the woman with careless mien and restless manner who
with naked arms and breasts liked to seat herself in a
draught beautifully illustrated heat intolerance. Loss of
weight, despite a voracious appetite, was another new and
important observation. Basedow laid more stress on exoph-
thalmos than Parry, and he drew attention to the efficacy
of iodine in treatment. In 1864 von Graefe added his well-
known' sign, and in 1883 Marie remarked on the constancy
of tremor, and thereby completed the period of clinical
description. The biochemical era opened when Mobius
formulated his hypothesis that the thyroid gland was
the cause of the whole disturbance, and suggested that it
secreted an abnormal substance. At about this time
parallel work on cretinism and myxoedema revealed the
potency of thyroid extract, and it was noticed that an
overdose resulted in symptoms of thyrotoxicosis. Measure-
ment of oxygen consumption as an index of thyroid activity
was introduced by Magnus Levy in 1895, and twenty years
later came the discovery of thyroxine by Kendall in 1915,
and then its synthesis by Harington and Barger in 1927.
In the meantime the clinical aspects of the disease had been
studied and treated with some success. In 1909 Plesch
showed that the cardiac output was raised, and at about
the same time, after the introduction of the electrocardio-
graph into clinical medicine, the irregular tachycardia noted
by Parry was shown to be auricular fibrillation. From
1907 onwards Dunhill practised partial double thyroid-
ectomy, and the success of surgical treatment became
established. Although we owe much of our knowledge
concerning the value of iodine 'in the prevention and treat-
ment of goitre to Marine, it was Plummer (1923) who
proved the beneficial effects of large doses of iodine in
thyrotoxicosis, and the relative safety of surgical interven-
tion during an iodine remission. Curreri interest lies
chiefly in the cause of the thyroid stimulation, and
especially in the relationship of the thyroid to the pituitary.
The cardiovascular manifestations have recently been

reviewed at length by Hakon Rasmussen.' It is known
1 Acta med. scand., 1941, Suppl. 115.

that the increased oxygen requirement is met by increased
oxygen transport, and that this is effected by a rise in
cardiac output equivalent to the demand, the arteriovenous
oxygen difference remaining more or less unchanged. It
is also known that the raised carditc output is maintained
by tachycardia, the stroke volume remaining more or less
normal. These are the facts; but how are they to be
explained? Why, for instance, does not the increased
oxygen consumption simply result in an increased arterio-
venous oxygen difference, as is the case when the oxygen
requirement is increased by dinitrocresol? Or, to put it
in another way, what determines the rise in cardiac out-
put ? It is known that thyroxine may cause tachycardia
by direct action on the heart itself, for not only the
denervated heart but also isolated auricles or ventricles
respond to thyroxine by increasing their rate of pulsation.
At first sight it would seem a beneficial physiological
mechanism that the substance which controls the body's
rate of metabolism should also control the speed of the
heart; but it must be remembered that tachycardia itself -

has but little effect on the cardiac output, its chief result
being a decreased stroke volume-as in the tachycardia of
the anxiety states. A significant rise in cardiac output can
be caused only by an increased venous return. It seems
to be a matter of indifference whether this is dealt with
by tachycardia, as is usual in thyrotoxicosis, or by an
increased stroke volume, as in some athletes. If the body
is to deal with an increased venous return by tachycardia,
the Bainbridge reflex would make the appropriate adjust-
ment. Any tachycardia induced by the action of thyroxine
on the heart itself would therefore appear to be an unneces-
sary side effect. Rasmussen has evidence which he believes
shows this side effect to be harmful. Young dogs were
fed with thyroxine for periods varying from a few weeks
to nearly a year. The most characteristic cardiovascular
effect was the occurrence of paroxysms of sinus tachy-
cardia, unrelated to change in the oxygen uptake. These
attacks sometimes culminated in the death of the animal,
and all the deaths in the series were heralded by such an
attack. Necropsies on 13 cases gave no information as
to the cause of death, and the author's contention that
the tachycardia resulted in heart failure is not borne out
by the report that the livers were normal in all instances.
Clinicians have been familiar with attacks of sinus tachy-
cardia in thyrotoxicosis since they were first described by
Graves in 1840. It is also possible that paroxysmal auri-
cular fibrillation in older patients represents the same
phenomenon. Rasmussen's description of the terminal
circulatory collapse in his dogs resembles that of the col-
lapse of shock. The importance of these observations lies
in their possible relation to thyrotoxic crises in man.
To return now to the raised cardiac output of Graves's

disease and its dependence upon an increased venous
return-how is the latter determined ? In general there
are four ways in which the venous return may be increased:
(1) by enlisting the help of gravity; (2) by increasing the
blood volume; (3) by the pumping action of contracting
muscles -and the sucking action of inspiration; (4). by
arter iovefous shunting, either through an arteriovenous
aneurysm or by dilatation of appropriate peripheral vas-
cular channels. In thyrotoxicosis the increased venous
return must depend upon the fourth mechanism. Boas
has suggested that a highly vascular goitre may act as an
arteriovenous aneurysm, an idea which, though not the
likely explanation for the majority of cases, may prove
occasionally true, especially where a vascular hum is heard
over the gland. We are left, then, with peripheral vaso-
dilatation. Little attention seems to have been paid to
this factor. Yet Wenckebach has shown that in beriberi tha
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enormous increase in venous return is due to it, for the
venous pressure drops sharply under the influence of pitres-
sin. Also in beriberi adrenaline appears to augment the blood
flow by lowering the diastolic blood pressure, a fact which
would suggest that the vessels chiefly involved are the
muscle arterioles. It may, too, be remembered that in
1918 Goetsch introduced a test for thyrotoxicosis based on
undue sensitivity to adrenaline. This reaction has never
been understood. Anaemia is another condition in which
the cardiac output, and therefore the venous return, may
be greatly augmented. Here the viscosity factor may play
a part in the quick flow through the periphery, but vaso-
dilatation, which is certainly not in the skin vessels, is also
present. Thyrotoxicosis, beriberi, and anaemia have in
common a metabolic difficulty, vasodilatation, and a much
increased venous return. Increased blood flow to a work-
ing muscle is due to vasodilatation, which in turn is due
to an excess of certain metabolites. During physical effort
this mechanism is widespread, and must play a considerable
part in the increased venous return initiated by respiratory
efforts and by the pumping action of the muscles. Is it
possible that the vasodilatation of the three conditions
mentioned above is also due to an excess of certain meta-
bolites, and that this may be the ultimate cause of the
cardiovascular effects ?

FILTERABILITY OF TUMOURS
Experimental cancer research may be regarded as beginning
only with the present century, but within a decade of this
date the conclusion had been reached and become generally
accepted that the cancer cell is malignant because it is
a biological modification of a normal cell. The discovery
and proof of this explanation of the essential nature of
cancer were widely acclaimed as the major achievement
of contemporary cancer research. The possibility that
tumours might be caused by an extrinsic agent-a micro-
organism, for example-was thought to be as completely
disproved as anything could be. Every effort to find a
cause of cancer separable from malignant cells had failed;
it appeared most unlikely that any causative organism could
be as strictly limited to a single host-species as transplant-
able tumours are; and there was also this apparently
adequate alternative explanation of all that was known of
tumour qualities. Then in 1911 came the announcement
that a certain tumour of fowls, the Rous sarcoma No. 1,
had been found transmissible to other fowls by means of
filtered extracts of the malignant tissue. The universal and
quite understandable reaction to this revolutionary claim
was one of frank unbelief, and it was confidently and even
obstinately asserted that the condition must have been
wrongly diagnosed. But no one was able to demonstrate
the supposed error, and gradually opinion changed. It
became more and more widely recognized that by all
accepted criteria of malignancy this fowl sarcoma must be

-acknowledged a true neoplasm. Filterability was Iiow a
subject of deepest interest. Demonstration of this quality
in a tumour almost certainly implies that the tumour has
an organismal cause, and the primary question was whether
or not these new fowl tumours-for others were soon
discovered-were different aetiologically from the many,
chiefly mammalian, which had been so carefully studied in
the earlier period of cancer research. To-day the general
feeling is that, as some tumours have organismal causes,
then all may have; but why, if this view be correct, so
many tumours should be found non-filterable remains a
mystery.
The significance of filterability is still debated, and dis-

cussions are still hampered by uncertainties arising from

practical difficulties in classification. It is commonly found
that a readily filterable tumour which is being maintained
by serial passage will vary in filterability from time to time
and may even pass into a temporary phase of non-
filterability; filterability varies from tumour to tumour,
some being easily filterable, some less so in varying degree,
and others all but non-filterable; improved technical
methods or other favouring circumstances may heighten
measurable filterability and may even remove a tumour
from the negative to the positive class. But notwith-
standing the somewhat nebulous character of the line of
separation, and in spite, also, of the possibility that there
may be no such line at all, some workers still believe that
tumours do fall naturally into two great groups, which
correspond roughly to the two which are suggested by tests
of filterability; and from time to time significant correla-
tions are still sought and new facts are brought to light.

Filterability is not altogether peculiar to any single
animal species or group of related species, for besides the
fowl tumours the Shope rabbit papilloma is filterable, and
so are Lucke's tumours of frogs and the common warts
of man. Nor is filterability strictly correlated with the
presence of a virus cause, for 'by indirect methods virus
has been demonstrated in tumours which have never yet
been filtered the R.F.D.2 sarcoma of fowls,' for example,
and the carcinoma V2 of rabbits.2 Filterability is not even
very strictly correlated with the rate of growth of malignant
tissue. Dr. J. B. Murphy, a colleague of Rous's and one
who with him took part in the very earliest studies of
filterability, is still concerned to find the broad aetiological
significance of this quality. In a recent paper he and his
colleague Sturm3 report failure to filter a series of induced
tumours of fowls, and they raise the question whether such
tumours have not a fundamentally different cause from
tumours which arise spontaneously. Among tumours
which had been induced by means of dibenzanthracene
a number were found transplantable, and 8 of the most
rapidly growing of these were used in attempts to trans-
mit by means of filtrates and dried tissue-all failed. This
is consistent with the published results of other workers,
with the sole exception of MacIntosh and his colleague
Selbie, who have reported the production of filterable
tumours of fowls by means of a carcinogenic agent. Many
workers have been puzzled by this fact: that in fowls in-
duced tumours are so much less likely to prove filterable
than spontaneous tumours. It is evident that as yet we have
no clear and comprehensive understanding of filterability
and its significance in relation to the malignant process.

METHYL ALCOHOL, OR "HOOCH," POISONING
Methyl alcohol is known by various names, the most
common being wood alcohol. It is used in industry as a
solvent and is found as an adulteration in ethyl alcohol;
it has no place in therapeutics. In contrast to ethyl alcohol,
which is broken down in the body to carbon dioxide and
water, methyl alcohol is oxidized slowly into formaldehyde
and formic acid, and much remains unchanged in the
tissues for long periods (up to 48 hours) after ingestion.
Since this substance may be found in adulterated spirits-
together with other toxic products-the risks of methyl
alcohol poisoning are likely to increase whenever the pro-
vision of alcoholic drinks becomes scarce or restricted.
Thus, numbes'of cases of wood alcohol poisoning occurred
during the period of prohibition in America, when synthetic
and surreptitious spirits were sold and consumed in fairly
large amounts. With the present-day shortage of " genuine"

1 Rep. 2nd internat. Coner. Microbio. 1935, p. 99.
2 Pr,c. Soc. exp. Rio!., N.Y., 1941, 47, 130.
" Cancer Res., 1941, 1, 609.
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