
Bull. Org. mond. Sante 1958, 18, 233-253
Bull. Wld Hith Org.

THERAPY AND PROPHYLAXIS
OF ENDEMIC GOITRE

J. MATOVINOVIe, M.D.
Department of Endocrinology and Metabolism,

Clinic of Internal Medicine, Faculty of Medicine,
Zagreb, Yugoslavia

V. RAMALINGASWAMI, M.D., D.Phil.
Research Professor of Pathology,

All-India Institute of Medical Sciences
formerly, Pathologist, Indian Council of Medical Research,

New Delhi, India

" Take the most beautiful kingdom, give it intelligent
and laborious citizens, prosperous manufacturers,
productive agriculture; let arts flourish, let architects
cover the land with temples and palaces-if population
remains stationary, if it decreases yearly in vigour and in
stature, the nation must perish. And that is why I
consider that the first duty of a statesman is the care of
public health."

Disraeli

Nearly four decades have elapsed since the first large-scale experiment
in the prevention of endemic goitre was launched by Marine and Kimball
among the schoolchildren of Akron, Ohio, USA. The results of this ex-
periment clearly showed the remarkable protective effect of a supplement
of sodium iodide (Marine & Kimball 50). In spite of the many gaps in our
understanding of the disease at that time, the knowledge required for its
prevention was at hand and the conquest of the endemic appeared to be
within reach. This expectation has not been fulfilled; in large parts of the
world the endemic continues to be prevalent. But the medical research
worker did not rest even after the discovery of a successful method of
prophylaxis. He continued and intensified his efforts until today progress
in our understanding of the physiology of the thyroid gland has out-
stripped progress in prophylaxis. Kelly's review a in this series of papers
indicates the global nature of the goitre problem today.

It was originally intended to confine the discussion in this paper to
prophylactic measures only. It was soon realized, however, that in many
countries these measures have not yet been initiated and that the physicians

a See page 5.
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in them would be called upon for a long time to come to deal with individual
cases. A section on treatment was therefore added. In this section, the
medical treatment of individual cases of endemic goitre has been discussed
in some detail, but the discussion on surgical treatment is restricted to
indications for surgical intervention. The technique and management of
operative and post-operative problems in the surgery of endemic goitre
are no different from those of other types of goitre and are described in
several excellent treatises on the subject.

Therapy of Endemic Goitre

Historical resunue

The therapy of goitre has a longer past than the prophylaxis of the
disease. Both had to pass through a long empirical period; both had to
wait for developments in physical and biological sciences before their
significance was comprehended. The peoples of the Pacific coasts of China
and South America are known to have been eating seaweed for the cure of
goitre long before history came to be written.61 Numerous references to
the treatment of goitre are found in Chinese medical writings. According
to Bircher,7 the ashes of sea sponges (Spongia usta)-in vine, powder and
pill form-were used by the Chinese in the treatment of goitre as far back
as 1500 B.C. Pen T'Sao Kang-Mu, a Chinese herbal with a final edition
in 1578, recommends all the medicinal algae for the treatment of goitre
(see Hume 33). The Greeks have had the same experience and probably
all the other ancient peoples living on the shores of the sea. In the twelfth
century, Ruggiero Frugardi (Roger of Salerno) recommended an Electrua-
rium containing the ashes of sea sponges for the treatment of goitre, and
this remedy has been used for centuries.70

A new era in the therapy of goitre began shortly after Courtois dis-
covered iodine in 1811 in the seaweed Fucus vesiculosus while producing
saltpetre for Napoleon's armies.19 Prout 64 first used iodine in the treatment
of goitre in 1816. Prout states that, at his suggestion, Dr Eliotson of St.
Thomas's Hospital adopted this treatment in 1819. It was, however,
Coindet (1774-1848) who did more than anyone else to lay the foundation
of the treatment of goitre with iodine.15-7 On 25 July 1820, he demonstrated
before the Swiss Society of Natural Sciences the first results of the treatment
of goitre with iodine.15 In some cases the goitre regressed within a few
weeks of the administration of iodine; in others it remained refractory.
He noticed that some patients developed further enlargement of the goitre
during treatment. He described iodism and was the first to draw attention
to the development of hyperthyroidism during iodine medication-later
called Jod-Basedow-and ascribe it to excessive dosage of iodine. Although
he did not realize that his own prescriptions contained excessive quantities
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of iodine, he warned his readers to stop treatment forthwith when symptoms
of hyperthyroidism appeared. With characteristic foresight he seems to
have anticipated the unhappy fate of his medicament and the damage to
prestige it would suffer owing to ignorance, carelessness and prejudice, for
he concluded: 17 "I cannot sufficiently emphasize the well-known axiom of
Boerhave, at prudenter a prudente medico, si methodum nescis, abstine...."

The pioneer work of Coindet was doomed to failure in the state of
knowledge then existing. The doses of iodine used were too large. Accord-
ing to Eggenberger 23 they amounted to 2500 to 5000 times the optimum.
lodism was frequent. The fear of iodine-induced hyperthyroidism or Jod-
Basedow increased, and under the influence of Theodore Kocher reached
its zenith. It encouraged treatment with iodine for a short period only,
with the result that recurrence of goitre was common. No selection of
cases for treatment was exercised and so disappointing results were frequent,
especially in cases with nodular goitre. All these factors combined to lower
the prestige of iodine from the high pedestal to which Coindet had raised it,
and iodine therapy fell into disrepute towards the close of the nineteenth
century.

Baumann's discovery, in 1895, that iodine is the normal constituent
of the thyroid gland provided the rallying-point for a revival of iodine
for the treatment and prophylaxis of goitre.4 By this time, the opinion
was gaining ground that small doses of iodine could be successfully applied.
Finally, as a result of the fine efforts, in the early part of the present
century, of Marine and Kimball,44 49 Hunziger,3 Eggenberger22 and
Wagner-Jauregg,85 iodine has again found its place. Modem experience
has proved its value in the therapy and prophylaxis of endemic goitre;
and at the same time has made clear its limitations.

Treatment with iodine

The successful treatment and prevention of endemic goitre-nay, of
any disease-depends upon the completeness of knowledge about its
etiology and about the factors that promote its persistence and spread
in the community. The etiology of endemic goitre has been one of the
most hotly pursued lines of scientific inquiry in medicine. There is now
general acceptance of the opinion expressed by the Goitre Subcommittee
of the Medical Research Council of Great Britain in 1944 that " the
immediate cause of simple goitre is failure of the thyroid gland to obtain
a supply of iodine sufficient to maintain its normal structure and function ".28
At the same time, there is growing realization of the importance of factors
other than iodine deficiency. A naturally occurring goitrogenic substance
has been isolated from certain foods,32 and recently a situation has been
described by Clements in certain parts of Tasmania in which it appears

16
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that a goitrogenic substance with a capacity to inhibit the iodide-trapping
mechanism of the thyroid may be responsible for the endemic goitre there
(Clements 14). It is clear that in such situations, of which we may expect
to hear more in the future, treatment with iodide may be of no avail, as has
indeed been shown to be the case in Tasmania. The obvious thing to do
in such cases is to remove, if possible, the source of goitrogen from the diet.

That treatment with iodine is indicated when the goitre has been shown
to be due to absolute or relative deficiency of iodine is easily stated. In
practice, however, this cannot be readily ascertained in individual cases
unless a series of laboratory studies are made. The simplest way of finding
it out is to do a therapeutic test, but even then, the absence of response
does not prove that the goitre is not due to iodine deficiency. Indeed,
according to the classical Marine cycle,47 once a goitre, always a goitre;
treatment with iodine may produce involution with deposition of colloid,
but the gland does not revert completely to normal. It appears, however,
that a hyperplastic gland can revert to normal and, in our own experience,
we have seen many diffuse goitres in the early stages becoming invisible
after treatment with iodine. When the goitre has been of long standing
and has passed through several Marine cycles, it tends to become large
or nodular, or both. The response to iodine in such cases will be variable,
depending upon the extent of the hyperplastic zones. Large cystic and
degenerated goitres cannot be treated successfully with iodine and need
surgical intervention.

There is no definite opinion in the literature about the optimum
therapeutic dose, the chemical compound of choice or the duration of
treatment with iodine. The therapeutic dose should, in principle, be higher
than the daily requirement, but in the present state of knowledge it is
not possible to state how much higher it should be. One thing, however,
is clear-namely, that large doses should not be administered, for then
Jod-Basedow becomes a real threat. Recently, Stanbury and his colleagues 7
reported a case of a woman with endemic goitre who developed thyro-
toxicosis after the administration of 1500 ,g of iodine per day. Furthermore,
owing to the avidity of the hyperplastic gland for iodine, the greater part
of the iodine administered is taken up by the gland, and this process can
last, in cases of endemic goitre, for several weeks.79 It would, therefore,
be quite unnecessary to use large doses in the treatment of endemic goitre.
We are of the opinion that the therapeutic dose need not be more than
double the daily requirement of iodine.

But what is the daily human requirement of iodine? Our knowledge
of the minimum and optimum iodine requirements is incomplete. Estimates
range widely, from 50 tg to 300 ,ug. A great deal of work has been done
in this connexion, but the validity of most of it has been subject to criti-
cism. "Taking the data for what they may be worth ", Greenwald 29
calculates that the human requirement is less than 100 ,tg per day. The
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Food and Nutrition Board of the National Research Council of the USA
placed the optimum requirement at 150 to 300 ,tg for an adult, while the
Committee on Nutrition of the British Medical Association recommended
a daily minimum requirement of 100 ,ug for adults and suggested that a
larger intake, 150 ,g, might be advisable for children, adolescents and
pregnant and nursing women.9 In the light of this knowledge we are
of the opinion that the therapeutic dose need not be higher than 200 to
300 ,g per day.

The simplest prescription of iodine is a solution of potassium iodide
in water, as follows: potassium iodide, 0.03 g; distilled water, 20.0 ml;
4 to 6 drops in a glass of water daily. The most widely known prescription
of iodine is Lugol's solution. Lugol (quoted by Buchanan 13) himself
used three different prescriptions of potassium iodide with iodine. The
pharmacopoeias of most countries define Lugol's solution as: iodine, 5.0 g;
potassium iodide, 10.0 g; distilled water up to 100.0 ml. This solution
contains, in one drop, more than 300 ,ug of iodine and is therefore unsuit-
able for daily use. Likewise, we are not in favour of using organic iodine
preparations, since most of them contain large quantities of iodine.
Iodine compounds such as potassium iodide and iodate have been given
in the form of tablets and sweets both for therapy and for prophylaxis
with good results. This form of treatment is particularly useful for school-
children and expectant and lactating mothers.

Treatment has to be continuous and should be kept up until general
prophylactic measures are established in the community. The therapeutic
effect, if any, can usually be observed after four to six weeks of therapy.
If there is no response even after three months, then iodine should be
substituted by thyroid preparations.

Complications of iodine therapy are rare, but in the course of the
treatment of goitre with iodine the following can occur: (a) iodism,
(b) Jod-Basedow, and (c) iodine thyroiditis-enlargement of the goitre
without and, less frequently, with hypothyroidism.

(a) Iodism. The allergic reaction due to iodine can be either of an acute
or of a chronic nature. Acute iodism is manifested by angioneurotic symp-
toms, from urticaria to haemorrhagic exudates. Chronic iodism is more
common than the acute form, the main symptoms being chronic rhinitis
(like the common cold), enlargement of the salivary glands, and various
acneiform exanthemas. Earlier, iodism was observed fairly frequently
among people over-sensitive to iodine, because the therapeutic dose was
much larger. However, today this is not the case, the therapeutic dose of
iodine being equal to, or only slightly larger than, the amount of iodine
in the food of the people in goitre-free areas.

(b) Jod-Basedow. The development of hyperthyroidism in the course
of goitre therapy with iodine was described a long time ago by Coindet 16
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and by Rilliet,72 and has since been mentioned by many writers. This form
of hyperthyroidism was named Jod-Basedow by Kocher40 in 1910. Still,
many others refused to recognize Jod-Basedow. Yet, in 1951, Stanbury
et al.,7 while investigating the metabolism of iodine in goitrous people in
the Province of Mendoza, Argentina, proved that Jod-Basedow can occur
if the therapeutic dose of iodine is considerably larger than the daily require-
ment of iodine. However, the development of Jod-Basedow, like that of
toxic adenoma, is inherent in the life history of the nodular goitre. The
hyperactive " hot nodules ", independent of the stimulating effect of thyro-
tropin, can develop in a goitre as a result of prolonged nutritional deficiency
of iodine. It is these nodules that secrete almost all the hormone, the
remaining thyroid tissue being therefore practically inactive. Given a
larger supply of iodine they can produce too much thyroid hormone, thus
inducing Jod-Basedow. Thus iodine does not cause but conditions the
development of the disease. The distinction between the hyperactive nodule
in the goitre of Jod-Basedow and the toxic adenoma of Plummer's disease
lies only in the quantity of hyperactive tissue. Many people with nodular
goitre develop toxic adenoma in middle or old age, because in the course
of time the hyperactive nodule increases in size and produces too much
hormone, despite coi tinued nutritional deficiency of iodine. This patho-
physiological link betwc.n Jod-Basedow and toxic adenoma shows that the
therapeutic dose of iodine must not be much larger than the daily require-
ment of iodine. Hyperthyroidism developing during treatment with 200-
300 ,tg of iodine suggests toxic adenoma, whereas hyperthyroidism develop-
ing on prolonged treatment with larger doses of iodine suggests Jod-
Basedow. However, the differential diagnosis between Jod-Basedow and
toxic adenoma can be very difficult. The only clinical difference lies in the
fact that the symptoms of Jod-Basedow usually disappear spontaneously
several weeks after the treatment with iodine has been discontinued. For
this reason hyperthyroidism can be related or is usually coincident with
the iodine therapy of goitre, toxic adenoma and Graves' disease without
exophthalmus being much more common than Jod-Basedow. In view of
the above facts, the statistics on the occurrence of Jod-Basedow cannot be
considered very reliable.

(c) Iodine thyroiditis. Coindet,16 and later many others, noticed that
sometimes at the beginning of the therapy with iodine an enlargement of the
goitre takes place which may be painful. According to Marine,46 this
complication can occur about the seventh day of therapy, if large doses of
iodine are administered. However, after the iodine therapy has been
discontinued the goitre decreases spontaneously. This complication can
be explained on the assumption that the temporary hypersecretion of thyro-
tropic hormone causes the sudden formation of iodine-containing colloid
in follicles with a decreased release of thyroid hormone into the blood-
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stream, perhaps due to the blocking effect of iodine. This transitory harmless
phenomenon, known as iodine thyroiditis,2' 46 should be distinguished
from the enlargement of the normal thyroid or goitre, with or without
development of myxoedema, which occurs after the administration of
massive doses of iodine (50-500 mg or more per day) by injection, or less
often orally, for the treatment of bronchial asthma,' 53 arteriosclerosis,27 42
goitre,5 35 and rheumatism,53 or for diagnostic purposes.66 According to
the studies of Wolff & Chaikoff,88 Rawson et al.,67 Morgans & Trotter,53
Raben 65 and Vanderlaan,82 iodine thyroiditis arises because in some
people (and animals) iodine in large doses inhibits the release of thyroid
hormone into the blood-stream. Owing to the shortage of thyroid
hormone in the blood (sometimes down to the level of hypothyroidism),
the compensatory increase of secretion of thyrotropin produces the enlarge-
ment of the thyroid. This disorder disappears spontaneously after the
administration of iodine has been discontinued and its concentration in the
blood has decreased.

All the above complications of the iodine therapy of goitre are very
infrequent. Neither iodism nor iodine thyroiditis can occur with the dosage
recommended here. Should either develop during the treatment of goitre
with such doses of iodine, it will be because the patient has accidentally
received large doses of iodine from various drugs, mineral waters or cos-
metic preparations. Cases of Jod-Basedow, too, are extremely rare. Among
more than 1000 adults, most of them with large nodular goitres, who
under careful and frequent control received large doses of iodine (5-15 mg
per day), we observed only one patient to develop iodine thyroiditis, and
one Jod-Basedow (J. Matovinovic & N. Kova&i', unpublished data).

Treatment with thyroid preparations

Compared with the numerous references to the use of seaweed, references
in primitive medical writings to the use of thyroid preparations for the
treatment of goitre are few. According to James,37 the ancient Chinese used
to treat cretins with sheep's thyroid, and according to Schelenz 74 dried
thyroid was suggested for the treatment of goitre in a Persian work, Toahft
ul Moomineen, completed in 1669 by Mir-Muhamed-Zeman-Tunkabuni.
This book was translated into Latin by Joseph de la Brosse in 1681. Richter,
quoted by Schelenz,74 claimed that the Persian edition appeared as early
as the end of the fourteenth century. The prescription against goitre
"Tryphere ad strumas " contained: " Strumarum colli arietis dessicatarum
Dr. 5." It is not known whether this prescription was used in Europe.
Following Murray's 55 successful treatment of myxoedema with a glycerol
extract of thyroid gland, Sunderland, quoted by Angerer,2 suggested in 1894
the use of thyroid for the treatment of goitre. In the same year Reinhold 68

16*
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and Bruns,'0 who treated 350 cases of goitre with thyroid, published their
results, which clearly showed that the administration of thyroid was of
value in the treatment of goitre. The work which followed confirmed and
extended their observations and provided a rationale for the treatment of
goitre with thyroid preparations.", 12 However, despite many excellent publi-
cations, to mention but the work of Wagner-Jauregg86 and Rienhoff, 71 this
form of treatment of goitre has fallen into oblivion, probably because in
the last fifty years the surgical therapy of goitre has made great progress,
whereas the thyroid preparations have been discredited by improper
application to various other diseases. Recently, Greer & Astwood 3'
admirably reviewed and reinvestigated the whole problem.

Treatment with thyroid preparations is indicated in cases of endemic
goitre since the gland becomes enlarged whenever it is unable to produce
at its normal size the necessary amount of thyroid hormone and is con-
sequently under stimulation by the thyrotropic hormone of the anterior
pituitary. By giving thyroid to meet the homeostatic needs of the organism,
a decrease in the secretion of the thyrotropic hormone occurs and involution
of the hyperplastic tissue of the thyroid takes place. The therapeutic effect
is more rapid with thyroid than with iodine. In the majority of cases of
endemic goitre due to absolute or relative iodine deficiency, treatment with
iodine alone is adequate. This is especially true for children and adolescents.
Thyroid is indicated for adults with goitres which do not respond to iodine;
these are usually advanced goitres-nodular, degenerated, cystic. Thyroid
is also indicated in cases of simple sporadic goitre whether they be due to
an innate defect in iodine metabolism or to excessive intake of natural or
synthetic goitrogenic substances or are of unknown etiology. It is well
known that the results of treatment of sporadic goitre with iodine are often
disappointing. Treatment with thyroid becomes imperative if either endemic
or sporadic goitre is associated with manifestations of hypothyroidism. It is
particularly indicated in newborn babies with goitre, since iodine is rather
slow in its action and may occasionally induce temporary enlargement of
the goitre, thus aggravating the pressure symptoms. Thyroid may be used
with advantage to treat pregnant women with goitre. In a study of thyroid
function in pregnancy, Man et al.43 found that the protein-bound iodine
(PBI) in the serum is on the average higher during pregnancy than either
before or after, that its increase occurs earlier than the increase in the basal
metabolic rate (BMR) and that miscarriages are more common in women
with a PBI level below 6.0 pg per 100 ml.

There is a great deal of individual variation in response to thyroid
extracts and so the dose has to be adjusted to suit the individual. Apart
from this, the minimum effective dose is dependent upon the amount of
thyroid hormone that the gland is actually putting out, however insufficient
that may be. Greer & Astwood 31 effected complete cures of goitre with
as small a dose as 0.65 mg of USP (United States Pharmacopoeia) thyroid
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in three out of a series of 50 cases. According to Means,52 100 mg of dried
thyroid conforming to USP requirements (with a total organic iodine
concentration of 0.22%) is the average substitutional dose of thyroid in
fully developed myxoedema, and this may be taken to represent the amount
required to meet the normal needs of the body. The therapeutic dose has
to be somewhat higher than this. We suggest that treatment be commenced
with 50 mg per day, the amount gradually being increased up to a maximum
of 300 mg per day. This amount is quite adequate in an average case of
goitre. Diffuse hyperplastic goitres respond more readily and completely
to thyroid than do nodular goitres. In the series of 50 goitrous cases treated
by Greer & Astwood,31 87% of diffuse goitres, 67% of multiple nodular
goitres, and 67 % of single nodular goitres decreased in size after treatment
with thyroid. The corresponding figures for the complete disappearance
of the goitres in this series were 44 %, 33 % and 390, respectively. Patients
must be kept under observation during treatment. A watch must be kept
on their pulse rate, on the size of their thyroid gland and, if possible, on
their BMR, blood cholesterol, and serum PBI. The therapy should be
discontinued for 14 days should toxic symptoms develop (thyrotoxicosis
factitia), and should thereafter be resumed with a 25-50 mg smaller dose.
In general, treatment should be continued until the goitre diminishes in
size, but in no case should it last longer than six months. In people with
a normal thyroid who come into a severe endemic goitre area, it takes
three or four months for the goitre to develop. To bring about a decrease
in goitre size, the same or twice as long a period of treatment is necessary.
In about 500 of people the withdrawal of thyroid therapy results in relapse
of the goitres after about the same period of time. In areas of endemic
goitre due to iodine deficiency, regular therapeutic doses of iodine should
be administered after the thyroid therapy has been discontinued, until
general prophylactic measures are established. In some patients, however,
goitre may develop again despite iodine therapy. These are for the most
part women of child-bearing age and people with a biologically inferior
thyroid (particularly patients with sporadic goitre). Such people should
be given the same dose of thyroid during the first 7-14 days of every month.
In cases with hypothyroidism, thyroid administration has to be continued
as a substitution therapy, with such individual adjustment of dosage as is
required. The development of hypothyroidism (Farquharson pheno-
menon 24) and hyperthyroidism in cases of simple goitre after withdrawal
of thyroid treatment has been described in the literature, but such complica-
tions are very rare. Farquharson's phenomenon of hypothyroidism is due
to temporary but prolonged inhibition of the secretion of thyrotropin
after the exogenous thyroid hormone has been used up.30 Similarly, hyper-
thyroidism after withdrawal of thyroid therapy is a phenomenon of the
rebound hypersecretion of thyrotropin, followed by hyperactivity of the
thyroid due to the lag in the adjustment of thyrotropin secretion.30
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Some patients suffer from nausea and vomiting after taking thyroid.
In such cases, either thyroxine or triiodothyronine can be used instead of
desiccated thyroid. According to Werner,87 0.12 g of USP thyroid is
approximately as effective as 300 p,g of 1-thyroxine sodium or 75 ug of
1-triiodothyronine orally, and represent the average maintenance dose for
treatment of myxoedema. The maximum dose for the therapy of myx-
oedema with 1-thyroxine sodium is about 500 ,ug and with l-triiodothyronine
about 125 Mg per day.87 These doses should be sufficient for the therapy
of goitre too. Zondek & Leszynsky 91 gave 960 and 920 Mg of triiodo-
thyronine to two patients with multiple nodular goitre and myxoedema over
periods of 9 and 8 days, respectively. As a result of this treatment, the
myxoedema disappeared, the goitre diminished in size and all but one of
the nodules disappeared.

Surgical treatment

In the first century A.D., Celsus (quoted by Foote 26) in De re Medica,
Lib. VII, Cap. 13, recommended the treatment of cystic goitre by an
incision made in the middle of the neck. The erudite Galen (A.D. 130-200),
however, warned against surgical treatment (see Foote 26). In A.D. 400,
Susruta, the great exponent of Hindu medicine, prescribed five salts for
the treatment of goitre and also advocated excision. The excision of goitre
as a method of treatment did not make much headway, however, on account
of the danger of excessive bleeding, which was first pointed out by Paulus
Aeginita (A.D. 624-690) (see Foote 26), and for many centuries surgical
therapy was confined to attempts to shrink the goitre by means of inflam-
mation. To achieve this, red-hot setons were passed through the goitre
-an operation that resulted in copious bleeding, followed by dangerous
suppuration.36 Until the beginning of the nineteenth century, thyroidectomy
had probably been performed in no more than ten cases.' The striking
success of the surgical therapy of goitre today cannot be separated from
the name of Theodore Kocher.84 Kocher performed 9000 thyroidectomies
and effected striking improvements in surgical technique, from the incision
in the skin to the closure and draining of the wound. Since these early
days, the mortality from thyroidectomy has decreased progressively with
improvements in technique. From 41 % in 1850 3 it fell to 12.8% in
1883,39 3.2% in 1910,26 and 0.76% in 1941,'41 and today it is less than 0.2 %.19
But the triumphs of goitre surgery were not unaccompanied by great
disappointments. Post-operative complications such as myxoedema, tetany
and paralysis of the recurrent laryngeal nerves were not infrequent, but with
better understanding of the anatomy and physiology of the thyroid and
parathyroid glands, these complications have now been largely overcome.

Surgical therapy is indicated in goitre: (a) when there are symptoms
of compression; (b) when thyrotoxicosis supervenes on a nodular goitre;
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(c) when there is malignant transformation of the goitre; and (d) for
cosmetic reasons. The symptoms of compression depend upon the part
which is being compressed. There may be compression of the larynx and
trachea, leading to dislocation of these organs with dyspnoea, cough,
stridor and hoarseness. In children and adolescents, the trachea is relatively
soft and small, and even a small colloid goitre can induce symptoms of
compression. There may be compression of the blood vessels-the internal
jugular and subclavian veins and, in the case of right-sided substernal
goitre, the superior vena cava as well. In such cases, there will be dilatation
of the subcutaneous veins, cyanosis and oedema of the face, neck or extrem-
ities, and a feeling of congestion in the head upon bending. Dysphagia
develops when there is compression of the oesophagus, but this is rare.
The goitre may press on the adjoining nerves-pressure on the recurrent
laryngeal nerves producing a low and husky voice, on the cervical sympa-
thetic producing Horner's syndrome, and on the vagus (which is extremely
rare) producing paroxysmal bradycardia and syncope. The cervical and
brachial nerve plexuses may be compressed and lead to occipital head-
aches, pain in the right shoulder, paraesthesia and weakness in the right
arm, etc.

In endemic goitre areas hyperthyroidism (toxic adenoma) in patients
with pre-existent goitre is very common and can account for about 20%
of all patients with hyperthyroidism.51 All agree that surgical therapy
is the best treatment for toxic adenoma.

Opinions differ with regard to the importance of nutritional iodine
deficiency in the development of cancer of the thyroid. However, all
agree that surgical therapy is indicated whenever cancer of the goitre
is suspected. By surgical therapy it is usually possible to alleviate all the
complications of goitre. But quite often surgical therapy is responsible
for new complications, which are of great importance for the health,
working capacity and life of the patient with goitre. For example:
(a) temporary paralysis of the recurrent nerves occurs in about 5% of
cases and persistent paralysis in 1.3 %; 69 (b) temporary hypoparathyroid
tetany occurs in about 0.94%, and persistent hypoparathyroid tetany in
about 0.5%, of the patients; 69 (c) post-operative hypothyroidism (temporary
and persistent) occurs in about 9 % of cases."7 The recurrent goitre is
very frequent, the surgical therapy of such goitres accounting for about
5.9% of all strumectomies.69 It is therefore always necessary to try treat-
ment with thyroid before undertaking strumectomy. In a considerable
number of patients the goitre will diminish after thyroid treatment, thereby
making operative therapy either not necessary at all or at least much
easier. Therapy with iodine or thyroid is especially indicated after
strumectomy, for the same factors which brought about the goitre continue
to act, while a considerable part of the normal tissue as well as the
exhausted and degenerated tissue has been removed by the operation.

243



J. MATOVINOVIC & V. RAMALINGASWAMI

Other methods of treatment

Considering the fact that, as late as 1867, J. Saint-Lager (quoted by
Eggenberger 23) counted 43 different theories to explain the etiology of
endemic goitre, it is scarcely surprising that so many forms of treatment
were advocated in the past. These will not be considered here except
to make a brief reference to the more recent developments. X-ray 73 and
radium irradiation6 have been applied to endemic goitre, but no significant
results have been obtained, because this approach to therapy does not
fit in with the conception that goitre is a compensation for the shortage
of thyroid hormone. The administration of the thyrotropic hormone of
the pituitary has been advocated in selected patients (Youmans 90) with
colloid goitres rich in iodine, and some successful results have been obtained
(Mortara 54). We consider, however, that there is no justification for this
form of treatment in endemic goitre, since in such patients the concentration
of thyrotropin in the blood is already elevated. Furthermore, the thera-
peutic effect of thyrotropic hormone, if any, is limited to iodine-rich
goitres which, in any case, would be in the process of undergoing spon-
taneous involution.
A decrease in the size of sporadic goitres, resistant to iodine treatment,

has been reported following administration of bismuth salts (Villaverde 83).
It is difficult to evaluate this report, however, since the author did not
have adequate controls.

The present medical and surgical therapy of goitre represents a great
advance in medicine, but these methods are intended for the treat-
ment of individual patients. Endemic goitre, however, greatly affects the
health and well-being of a whole nation. Therefore, the modern therapy of
goitre should be combined with general goitre prophylaxis. The importance
of this principle has been admirably summed up by Marine: 45 " The old
adage that one ounce of prevention is worth a pound of cure is outdone
in the case of goitre, where one milligram of prevention is worth more
than a thousand milligrams of cure."

Prophylaxis of Endemic Goitre

Historical aspects

As stated earlier, the use of iodine in goitre prophylaxis was a logical
consequence of Coindet's successful treatment of goitre with iodine. Bous-
singault 8 was the first to suggest the use of iodized salt for the prevention
of goitre. He lived for many years in Colombia, and there he learnt about
the experience of the local people regarding the therapeutic effect of the
salt obtained from an abandoned mine in Guaca in the Department of
Antioquia. In 1825 Boussingault analysed this salt and found that it
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contained large quantities of iodine. In 1833 he suggested the iodization
of salt as a means of preventing goitre-a suggestion that was sub-
sequently supported by J. L. Prevost (quoted by De Quervain 20) and by
A. Chatin (quoted by Eggenberger 22). The first experiment in goitre
prophylaxis ever known was carried out in France, in the Departments of
Bas-Rhin, Seine-Inferieure, and Haute-Savoie.20 Goitrous families received
salt fortified with 0.1 to 0.5 g of potassium iodide per kg of salt. School-
children with goitre received, daily, tablets or a solution containing 0.01g
of potassium iodide. Open bottles containing elemental iodine were placed
in bedrooms. In view of the high doses of iodide used in this programme,
it is small wonder that toxic symptoms of iodism and Jod-Basedow were
frequent and that, consequently, iodide prophylaxis was discredited and
abandoned. Its revival was made possible only by the successful results
of the experimental study of Mauine and Kimball in the USA.44 9

Principle of prevention

It has already been stated that successful prevention of any disease
depends upon a thorough understanding of its etiology and epidemiology.
Fortunately, the state of uncertainty about the etiology of endemic goitre
has practically ended, although there are still many loose ends to be tied up.
It is now recognized that goitrogenic factors in food may be responsible
for iodine-refractory endemic goitre (Clements 14) and that excessive intake
of calcium salts can be goitrogenic (Taylor 81). But none of these advances
has shaken the fundamental principle of the mass prophylaxis of endemic
goitre, which is to increase the intake of iodine, within limits of safety, to
ensure that it not only makes good the deficient intake but also overcomes
the effects of any goitrogenic factors present.

It is needless to emphasize that any large-scale programme of goitre
prevention should be preceded by a study of the etiology of the disease
and an assessment of the degree of iodine deficiency in that area. There
may be situations where the intake of iodine per se is adequate, but where
goitre is still prevalent because of other factors, for example, excessive
hardness of drinking-water. In such cases, it may be possible to reduce
the incidence of goitre by changing the water-supply from hard to soft
water without increasing the intake of iodine. In undertaking such measures,
however, the expense involved will be an important factor.

Medium for supplementary iodine

It is generally accepted that the most practicable method of providing
supplementary iodine is the iodization of salt. Other methods have been
tried from time to time, such as the iodization of water-supplies, the iodiza-
tion of bread, and the periodical administration of iodide tablets and sweets
for the protection of the vulnerable groups of the population. The iodization
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of water-supplies was practised extensively in the Netherlands before and
during the Second World War, but it has now been abandoned as un-
economic, since only a small proportion of the water-supply-about 1%
according to Olesen60-is used for drinking and cooking purposes. Moreover,
it cannot be applied to areas that lack municipal water-supplies. In countries
where bread is consumed as a staple foodstuff, the iodization of bread
appears to be a satisfactory method. Introduced as a wartime measure in
the Netherlands, it was found to be both economic and feasible (E. H.
Hipsley, unpublished report, 1952). However, the consumption of bread
varies greatly with individuals, age-groups and various strata of the popula-
tion. Medicated tablets and sweets have been used extensively in goitre
prophylaxis and have the advantage that they make it possible for a meas-
ured amount of iodine to be administered. This method is sound in prin-
ciple, since iodine can be stored in the thyroid gland, and is indeed valuable
as a temporary measure in periods of increased requirements, such as
puberty, pregnancy and lactation. However, since the tablets are given at
intervals and contain amounts of iodine far in excess of the daily require-
ments, there is a possibility, although remote, of the development of Jod-
Basedow, as described by De Quervain 20 in a girl aged 9 years. Moreover,
as a permanent measure for the greater part of the population its usefulness
would be dependent upon the efficiency of the distributing system and the
co-operation of the people, both of which are difficult to ensure at all times.
Iodized salt suffers from none of these disadvantages. Whether rural or
urban communities are involved and irrespective of the dietary habits of
the people, it is safe and reliable, and is the least expensive method of
providing a continuous supply of iodine.

Level of iodization of salt

In deciding upon the level of iodization of salt to be adopted in any
area, the following factors must be taken into consideration: the normal
requirements of iodine, the intensity of the environmental iodine deficiency,
the presence of goitrogenic factors, if any, and the daily per caput consump-
tion of salt. It has already been stated that our knowledge of the iodine
requirement is incomplete. The present method of expressing it in terms
of body-weight and age leaves much to be desired. It will be readily agreed
that the ideal method of expressing nutrient requirements would be in
terms of bodily functions which depend specifically upon the particular
nutrient. In the case of iodine the term of reference should appropriately
be the heat produced in the organism. It is of interest that as early as 1929
Orr & Leitch 61 estimated that the human requirement for iodine was of
the order of about 20 to 40 ,ug per 1000 calories. Reference has already
been made to the wide variations in the estimates of requirement made by
different authors. In view of this, it is hardly surprising that the levels of
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iodization of salt adopted by various countries are widely divergent. The
levels as stipulated by various countries are presented in the tabulation
below.

Country Stipulated level of iodine compound in salt

USA 1 in 10 000, as KI
Canada I in 10 000, as KI or NaI
New Zealand 1 in 20 000, as KI or NaI
Argentina 1 in 30 000, as KI
Mexico 1 in 66 000, as KI
England and Wales (all salt) 1 in 100 000, as KI
England and Wales (table salt) 1 in 40 000, as KI
Switzerland 1 in 100 000, as KI or Nal
Netherlands I in 100000, as KI
Italy 1 in 100 000, as KI
Yugoslavia 1 in 100 000, as KI
Poland 1 in 200 000, as KI

It will be seen from the tabulation that the levels adopted by some of
the European countries are 10-20 times less than those adopted by the
USA. In selecting the higher levels the American authorities seem to have
been guided by practical experience, based on the pioneer studies of Marine
and Kimball, whereas in European countries the policy seems to have
been based on the available knowledge about the requirements for iodine.
From published accounts it would appear that both the higher and lower
levels of iodization have been effective in controlling the endemic. These
accounts, however, do not permit of an assessment of the relative efficacy
of each of the levels adopted.

After a careful consideration of existing knowledge, the WHO Study-
Group on Endemic Goitre,89 which met in London in 1952, recommended
that on the assumption that the daily consumption of salt is about lOg and
the salt is dry and pure, it would be advisable to iodize the salt with
potassium iodide at a concentration of 1 part of iodide in 100 000 parts
of salt. The Study-Group also stated that where the daily consumption of
salt has been shown to be significantly different from the above figure of
10 g, suitable adjustments should be made in the concentration of the
iodine compound added to salt. According to this recommendation, an
individual is expected to receive about 76 ,tg of iodine daily from salt alone.
The Third Conference on Nutrition Problems in Latin America,25 held in
Caracas, Venezuela, in October 1953, recommended that the daily allow-
ance of iodine should be of the order of 400 ,g and concluded finally that
the.maximum level of iodization should be 1 part in 10 000 and the mini-
mum I part in 20 000. The Conference further recommended that where
goitrogenic factors are shown to be important, the higher level of 1 in
10 000 should be adopted.

It would be unwise to recommend one level of iodization of salt for
all areas. The level selected for each area must depend, in the ultimate
analysis, upon a proper appraisal of the various factors mentioned earlier.
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Generally speaking, the authors are inclined to agree with the recommenda-
tion of the WHO Study-Group on Endemic Goitre,89 since all available
knowledge goes to show that the human requirement for iodine is pro-
bably less than 100 ug per day. In his James D. Bruce Memorial Lecture
for 1954, Marine,48 the pioneer of iodine prophylaxis, made the following
statement: " Since the dangers of Jod-Basedow are serious in endemic
goitre regions with a high incidence of advanced adenomatous goitre, it
would seem advisable to use (as Switzerland has) a conservative iodide
supplement (1:100,000) rather than greater concentrations." We would
emphasize, however, that suitable adjustments of this level should be made
according to the local conditions. Indeed, we believe that in the present
state of knowledge it may be advisable to use different levels of iodization
in different countries, and even within the same country, to assess their
relative efficacy in controlling goitre.

Whenever general prophylaxis against goitre is attempted, provision
must be made from the very beginning for assessment of its efficacy. The
assessment may be made by doing goitre surveys at intervals, supplemented
wherever possible by iodine metabolism studies, including studies with
radioactive iodine. The pooled experience of countries using different levels
of iodization will not only be of help in finding a rational level of iodization
but will also throw light on the problem of iodine requirements.

Iodine compound for iodization of salt

In selecting the level of iodization of salt a factor of great importance
is the purity of the salt. In large parts of the world where goitre is endemic
the salt habitually used for domestic consumption is unrefined and has a
relatively high moisture content. It is usually obtained either by solar
evaporation of sea-water or from salt mines. Until very recently, the iodine
compound used for fortification was either sodium or potassium iodide,
more commonly the latter because it is less hygroscopic. It is now known
that the impurities and moisture in unrefined salts facilitate the breakdown
of iodides, with resultant loss of iodine. When using iodides for the fortifica-
tion of unrefined salt, therefore, consideration must be given to the amount
of iodine that is likely to be lost during storage, and suitable adjustments
must be made in the level of iodization. It has been shown recently that
potassium iodate is the compound of choice for iodizing such salts, since
it is far more stable than the iodide.38 It also has a wide margin of safety.58
The iodine in it is available for synthesis of the thyroid hormone,57 and has
been shown to be effective in the prophylaxis of goitre.78 It is important
to remember that potassium iodate contains only 59.3 % of iodine whereas
potassium iodide contains 76.45 %. Thus a salt containing 1 part of potas-
sium iodide in 100 000 parts is equivalent in its iodine content to one
containing 1 part of potassium iodate in 78 000 parts of salt. With the

248



THERAPY AND PROPHYLAXIS 249

kind permission of Dr T. M. Bengoa, we are reproducing below a
table which gives the proportions of iodine to be mixed with the salt,
based on the average salt intake.

DIFFERENT TYPES OF SALT ENRICHMENT WITH IODINE *

Amount of Salt
iodine to be consumption
administered per caput

5 g

10 g

15 g

5g 1

10 g 1

15 g 1

Proportion Potassium Potassium
of iodine iodate iodide

to be added (mg/kg of salt) (mg/kg of salt)

50 000

100 000

150 000

25 000

50 000

75 000

33.7

16.85

11.23

67.40

33.7

22.47

22.14

13.07

8.71

52.28

26.14

17.43

5 g 1 16600 101.1 78.42

10 g 1 33 300 50.55 39.21

15 g 1 50000 33.7 26.14

5 g 1 12 500 134.80 104.56

10 g 1 25 000 67.40 52.28

15 g 1 37 500 44.92 34.85

Molecular weight: K0, = 214
Atomic weight: I = 127
Conversion factor: 214 = 1.685

12g1 g of I = 1.685 g of KIO:,

Molecular weight: KI = 166
Atomic weight: I = 127
Conversion factor: 166 = 1.307

127
1 g of I = 1.307 of Kl

* Reproduced by kind permission of Dr J. M. Bengoa

Indications for general prophylaxis

It may be asked why endemic goitre should be prevented. Is it so signifi-
cant from the public health point of view as to justify the effort and expense
involved in its control ? A detailed consideration of the scope of health
problems directly attributable to endemic goitre is beyond the scope of
this paper and will be found elsewhere. It may be stated here, however,
that in our opinion any clinically detectable enlargement of the thyroid,
however mild and " silent " it may be and even if it is confined to adolescent
girls, is a sign of abnormality. It indicates that the thyroid gland is unable
to produce the requisite amount of hormone at its normal size, and under-
goes hypertrophy and hyperplasia as an immediate compensatory reaction.
This compensatory mechanism, however, is not completely efficient.62 63 In
intelligence the goitrous children lag behind those with a normal thyroid.

1



J. MATOVINOVIC & V. RAMALINGASWAMI

Therefore, the prophylaxis of " physiological" or " juvenile " goitre is
indispensable, for, to quote Marine: 48 " The prevention of simple goitre
means vastly more than preserving the normal outlines of the neck. "

The decision to launch a mass control programme against goitre usually
presents no difficulty in areas of high endemicity in which a substantial
proportion of the population is affected and the goitre itself is large and
nodular, producing marked disfiguration of the neck. If there is evidence
to show that the endemic is responsible for a significantly increased inci-
dence of either hyper- or hypothyroidism in the community, then mass
prophylaxis is imperative. The decision becomes difficult, however, when
one is confronted with situations where the endemic is mild and goitre is
largely confined to the adolescent age-groups. Goitres in adolescents are
regarded by many as "physiological ", and the question arises: Where
should one draw the line ? In his survey of goitre prevalence among school-
children in England and Wales, Stocks 80 describes a " residual " rate for
thyroid enlargement of 1 % for boys and 4% for girls aged 12 years and
considers these figures to be within normal limits. Twenty years later,
Murray and her colleagues 58 found a "residual" rate of 6% among
English schoolchildren aged 11 to 15 years. However, the " physiological"
goitre in adolescents is not a physiological phenomenon, for children
without " physiological " goitre are healthy and this type of goitre dis-
appears as soon as iodine prophylaxis is introduced. We make the tentative
suggestion that general prophylaxis should be resorted to if 10% or more
of children between the ages of 7 and 15 have visible enlargement of the
thyroid gland. When it is remembered that for every person with a visible
enlargement of the thyroid there are at least two in whom the enlargement
has not reached the clinical level, it will be observed that our suggestion
probably errs on the conservative side.

Complications

Iodism and Jod-Basedow are remembered as complications of the earlier
prophylaxis of goitre with large doses of iodine. The present-day prophy-
laxis of goitre is completely free from such problems. This has been proved
by the experience of goitre prophylaxis in Switzerland (Nicod 59). Our
remarks on the development of iodism and Jod-Basedow in the course of
goitre treatment are also relevant in the case of goitre prophylaxis.

Summary

An attempt has been made in this paper to trace the progress made since
the earliest times in the control of endemic goitre both at the individual and
at the community level. The. pattern of this progress has been greatly
influenced by advances in our understanding of the physiology of the
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thyroid gland. Endemic goitre is now regarded as a compensatory response
to a variety of factors, in an effort to maintain homeostasis, rather than as a
static disease entity, and iodine as an indispensable mineral nutrient rather
than as a pharmacological agent in the treatment of goitre.

Practical measures for the treatment and prophylaxis of endemic goitre
have been described and these relate mostly to supplementation with iodine
in some form or other.

Effective and practicable measures for the control of goitre were known
long before their rationale was understood. The situation today is com-
pletely reversed. Advances in our understanding of the etiology and patho-
genesis of goitre have far outstripped the progress made in its control.

Marine's oft-quoted aphorism still bears repetition: " Simple goitre is
the easiest of all known diseases to prevent. .. It may be excluded from the
list of humani diseases as soon as society determines to make the effort.
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