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I have chosen for these two lectures a title which will
permit me to cover a very wide field, but which compels
me, therefore, to be selective in my approach, and I
should like first of all to explain what directed my
choice of the topics on which I intend to speak. My
interest in thyroid disease was first stimulated soon after
I qualified, and since then I have seen and taken part
in a steady advance in the diagnosis and treatment of
thyroid dysfunction. The direction of my investigations
has on several occasions been decided by events in my
own particular career, and I hope I may be allowed
the pleasure of a few reminiscences which will, I think,
make clearer to you the shape of the lectures I am

privileged to give to the College.
An important influence on my career was a period

spent as an experimental pharmacologist, since this
taught me to look statistically at medical problems.
Though it is nearly thirty years ago, Professor A. J.
Clark, of Edinburgh, was even at that time emphasizing
the great variability of biological material, and in parti-
cular the variation which the individual animal may
show in its response to drugs. He was a pioneer in

demonstrating that statistical methods were necessary

to deal with this phenomenon, and he and his successor,
Professor J. H. Gaddum, extended the scope of these
techniques and applied them to human pharmacology.

But my interests were not primarily in the laboratory,
and I was soon fortunate enough to obtain an appoint-
ment to the Department of Clinical Research at
University College Hospital, where I worked under Sir
Thomas Lewis. At that time Lewis was formulating
his ideas on clinical science. He thought it most profit-
able to study disease directly under controlled conditions,
and to apply in the wards techniques devised by
physiologists for the study of normal physiological
processes. Though he thought mainly in terms of
cardiovascular disease, he would, I am sure, have
recognized in some of the studies I shall report the
proper tradition of clinical science.

In these lectures I shall describe some new methods
of handling clinical evidence. These techniques have
a statistical basis, and I have little doubt that my
approach to clinical problems stems from my training
and experience as a pharmacologist. Some are modifi-
cations of the techniques for the clinical trials of drugs
which Professor Bradford Hill has pioneered in this
country with such striking success.

In my first lecture I shall describe certain aspects of
thyrotoxicosis. A few of the ideas are an extension of

*The first of two Lumleian Lectures delivered before the Royal
College of Physicians of London on April 14 and 16. 1959.

those put forward in the Bradshaw Lecture on "The
Diagnosis of Thyrotoxicosis" (Wayne, 1954). 1 shall
take the opportunity of indicating where further experi-
ence has reinforced or modified my views and shall also
describe one or two new diagnostic techniques which
have only recently become available. This lecture will
also deal with the treatment of thyrotoxicosis, and
especially with observations which were designed to
make it possible to obtain statistically valid observations
from a comparatively small number of cases. In this
way we have been able to evaluate in a more precise
way than has hitherto been possible the therapeutic
effectiveness of various antithyroid drugs in man.
My second lecture deals mainly with the aetiology,

diagnosis, and treatment of hypothyroidism and in
particular with the relative incidence of the clinical
features of the condition, but I shall also discuss the
special problem of the diagnosis of Hashimoto's disease
or auto-immunizing thyroiditis.
Profound alterations in body metabolism occur in

both thyrotoxicosis and hypothyroidism. We have
studied the effects of both conditions on total body
water, total red-cell mass, total exchangeable electrolytes,
and calcium metabolism, and I shall report our
conclusions in brief and summary form.

In the five years since I went to Glasgow, where much
of my time is occupied in teaching and administrative
duties, it would not have been possible for mej without
assistance, to carry out this work, and I am much
indebted to all those who have collaborated with me,
and especially to Dr. J. Crooks and Dr. I. P. C. Murray,
who have taken a large and active share in these studies,
and to Dr. R. A. Robb for his advice on the statistical
aspects. I would also like to mention others who have
contributed to the work I shall describe: Dr. M. M.
Bluhm, Dr. James Buchanan, Dr. Watson Buchanan,
Dr. F. P. Muldowney, and Dr. B. E. C. Nordin.

A Statistical Method Applied to the Clinical Diagnosis
of Thyrotoxicosis

Though the diagnosis of thyrotoxicosis is often easy,
there are many cases which give rise to uncertainty.
This is especially so when the clinical picture is
incomplete, or when atypical features are present, and
in these circumstances even experienced clinicians may
differ in their conclusions. Sometimes the same observer
may alter his opinion on the same case on consecutive
days. This state of affairs has always puzzled me, and
the reason is not immediately obvious. It seems to
depend on the nature of the mental processes involved
in arriving at a diagnosis. In making his clinical
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2 JAN. 2, 1960 STUDIES IN THYROID DISEASE

assessment a physician must first obtain a reliable history
and elicit accurately the appropriate physical signs. At
this stage we encounter " observer variation," since
there is rarely complete agreement even among a group

of experienced clinicians. Next, the physician must
decide upon the relative importance he should attach
to the diagnostically significant clinical features of the
case. In so doing he falls back on his own experience
or on that of his teachers. At this point further differ-
ences of opinion arise, due partly to the different degree
of significance attached to certain features by different
clinicians, and partly to the influence of a fortuitous
run of positive or negative findings occurring towards
the end of the clinical examination. It is because of
these difficulties in making a diagnosis on clinical
grounds alone that so many tests of thyroid function
have been devised and are so widely used.
By using some of the principles of the statistical

method known as discriminant analysis we have found
it possible to increase the accuracy of the clinical
diagnosis and also to study the effects of " observer
error." The meth-od consists in allocating to each
clinical feature a positive or negative score, the value
of which is based on analysis of the relative frequency
of symptoms and signs in the disease. In this way a

total score, or clinical diagnostic index, can be obtained
in each case. There is a wide difference between these
scores in frankly thyrotoxic patients and in normal
persons, and in practice the index has proved helpful
in distinguishing between toxic and non-toxic patients
in cases presenting diagnostic difficulty. It also provides
a numerical estimate of the degree of severity of the
disease, which can be correlated with other indices of
thyroid function.
We first studied 83 unquestionably thyrotoxic patients

and 99 unquestionably non-toxic subjects, including in
this group not only healthy persons but also patients
with simple goitres, anxiety states, and post-menopausal
symptoms. This group is termed " definite" in the
tables and discussion. In each subject the presence or

absence of the clinical features shown in Table I was
recorded. These signs and symptoms were chosen
because they had previously been shown by a clinical
survey to differ in their incidence in thyrotoxic and in

normal subjects (Wayne, 1954). In order to reduce
the effects of "observer variation " the method of
history-taking and the procedure for the physical
examination were rigid. We have described our criteria
elsewhere (Crooks et al., 1959).

The Clinical Index
The clinical features recorded in the cases which had

given rise to no clinical diagnostic difficulty were
weighted by allocating a score to each (Table I). The

TABLE I.-Thyrotoxicosis-Clinical Diagnostic Itndex. Weighting
Factors Allocated to the Symptoms and Signs of Thyrotoxicosis

Symptoms of Present
Recent Onset Sign. Present Absent

and/or Increased Sliw Score Score
Severity Score Score

Dyspnoea on effort + I Palpable thyroid + 3 -3
Palpitations + 2 Bruit over thyroid + 2 -2
Tiredness .. +2 Exophthalmos .. + 2
Preference for heat Lid retraction .. +2

(irrespective of Lid lag .. .. + I
duration) .. 5 Hyperkinetic move-

Preference for cold + 5 ments .. .. ±4 -2
Indifferent to tem- Fine finger tremor.. + I

perature .. 0 lIands:
Excessive sweating + 3 Hot .. + 2 -2
Nervousness .. +2 Moist .. +1 - I
Appetite increased +3 _

,, decreased -3 Casual puilse rate:
Weight increased - 3 Auricular fibrilla-

decreased +3 tion .. +4
Regular rates:
< 80 per minute -3
80 to 90 per

minute 0
> 90 per minute + 3

positive or negative values of these scores were initially
allocated on the basis of the relative diagnostic signifi-
cance of each symptom and sign, as found by Wayne
(1954) or, in a few instances, by Lerman (1948). These
scores were then modified so as to diminish the effects
of " observer variation." The total scores, which we
call clinical diagnostic indices, were then calculated.
These indices produced a good separation between non-
toxic and toxic subjects; but the weighting factors for
the individual clinical features were further modified to
produce the widest possible separation between the two
groups without reintroducing excessive "observer
variation" effects. The indices were then recalculated.
Fig. 1 shows the range of values obtained and the sharp
separation between the toxic and non-toxic groups, so

DEFINITE THYROTOXIC
DEFINITE NON-TOXIC

No. of
Cases

I

a§ -II I *-A 1. 1- I I I

46 --# +12 -614 o16 via
EQUIVOCAL
RANCE

+// #19

I

I 2I 2 I I I I I 1, I I I I I I' I I

.22.24 .26 .23.+30 432.34 .36 .38440 .42

DiIagnostic Index Score
FIG. 1.linical diagnostic index applied to cases in the definite group.
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that an index of + 20 or over indicated toxicity and
one of + 10 or lower that the patient was non-toxic.
We next studied a group of cases which were not

obviously toxic or non-toxic. This group, which is
subsequently called "doubtful," consisted of 118 cases,
each of which had presented some diagnostic difficulty
to one or more hospital physicians. All had been
referred for radioactive iodine studies, and the final
diagnosis was made only after prolonged observation,
including the response to treatment. We were, there-
fore, confident of our final conclusions. At the patient's
first visit the presence or absence of the symptoms and
signs listed in Table I was recorded. Clinical diagnostic
indices were calculated only when the final diagnosis
was agreed after full investigation and the results of
therapy were known. The distribution of the indices
of the 118 patients in this group is shown in Fig. 2.
A good division was still found between
cases finally shown to be non-toxic and
those shown to be toxic, 88 % of their
indices lying within the non-toxic' and
toxic ranges respectively. Thirteen No. of
subjects had indices lying between + 11 Cases
and + 19. We have called this the a

equivocal range. I shall mention these *
cases again later.

It thus seemed that in our hands the
index was a reliable guide to the clinical 2 In
diagnosis, but we could not be sure that '°
it would be so when it was used by -1 -8 -6
others. Fletcher (1952) has shown that
competent physicians, investigating cases
of emphysema, report widely different
physical signs, and has emphasized the
existence of " observer variation." We
tried to limit the influence of this factor FIG. 2.-C
by formulating rigid definitions for the
clinical features of thyrotoxicosis included in our
index. But if it was to be generally applicable
we knew we should have to investigate the results
obtained by other clinicians. For this purpose we chose
nine patients whose thyroid function had been difficult
to assess clinically and nine observers co-operated with
us. Analysis of variance of the results showed no
significant difference in the score of seven of the nine
observers. A medical student who had seen several
cases of thyroid disease and who had received special
instruction in the use of the scoring system was among
the seven. The remaining two, who were both new-
comers to the unit and had had no special experience
of thyroid disease, recorded systematically lower scores.
Nine further cases were used to make a comparison
between the indices obtained by the physician who
designed the score sheet and those allotted by a new-
comer to the unit who had a wide experience of thyroid
disease. There was no significant difference in their
scores. These results suggest that no statistically signi-
ficant difference will be obtained by observers using the
diagnostic index provided they have some experience
of thyroid disorders. Inexperienced observers tend to
score low.
We have compared the relative diagnostic accuracy

of the index with laboratory tests of thyroid function.
Radioactive iodine studies were made on 202, and basal
metabolic rate estimations were carried out on 188 of the
300 cases represented in Figs. 1 and 2. There was no
statistically significant difference between the accuracy
of the index and either radioactive iodine tests or basal

metabolic rate estimations. In making this comparison,
all the indices in the equivocal range between + 11 and
+ 19 were regarded as incorrect. We next applied the
index to a further 50 patients, referred to us because they
had given rise to diagnostic difficulty. We also asked
three colleagues at three other hospitals in Scotland to use
the index at their routine cllnics and to compare the
results with their final diagnosis. The total number of
correct diagnoses made in this way was 149 out of 171
cases investigated-that is, 85%. Of the remaining 22
cases which were not correctly classified as toxic or
non-toxic it is important to note that the diagnoses were
completely misleading in only five subjects, or 3%. The
remaining 17 all gave indices lying in the equivocal
range, thus indicating the need for further investigation.
The cases which fall in the equivocal range are of

special interest. In this group, when the final diagnosis

DOUBTFUL-PROVED TOXIC

D DOUBTFUL-PROVED NON-TOXIC

ni n,,,,

-4 -2 0 +2 +4 +6 9J@*n4 411*lL ^8 2 424 +26 +2 +30 32 +34

EQutIVOCAL
RANGE

+// +/19

Diagnostic Index Score
'linical diagnostic index applied to cases in the doubtful group.

is known, an examination of the individual features
making up the index usually shows why difficulty has
arisen and throws some light on the general problem
of making a clinical diagnosis in thyrotoxicosis. Thus
the non-toxic subjects in this group usually have severe
anxiety states and have a high symptom score. ln itself
this is not usually sufficient to place them in the equi-
vocal range unless they have in addition one or two
heavily weighted signs such as goitre or tachycardia;
several patients have had a previous thyroidectomy and
the eye signs have persisted. The toxic subjects with
scores falling in the equivocal range usually lack some
diagnostic features which score highly; for example, a
male patient who has neither goitre, bruit, nor hyper-
kinetic movements.
The clinical index can be used as a measure of the

degree of severity of thyrotoxicosis, since it indicates
the number of target-tissue effects, and, as might be
expected, it correlates fairly well (r=0.33) with the basal
metabolic rate (Fig. 3); it also correlates equally well
(r=0.36) with both the four-hour uptake of radioactive
iodine and the 48-hour protein-bound plasma radio-
active iodine.
We believe that the clinical diagnostic index is a

reliable and simple aid to diagnosis and is of value in
day-to-day practice. It should be pointed out that our
final decision on whether a patient was thyrotoxic or
not was based on the response to therapy, and it tollows
that we define thyrotoxicosis as a condition in which
antithyroid therapy produces a remission in the clinical
features of the disease.

JAN. 2, 1960 STUDIES IN THYROID DISEASE
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STUDIES IN THYROID DISEASE

Lastly, I would emphasize that all clinical diagnosis
involves the subconscious application of the principles
underlying the method I have described. The clinician
sifts and evaluates multiple symptoms and signs, and
tries to select the clinical syndrome which best accounts
for his findings. He attaches greater or less significance
to the clinical features in the light of his past experience,
and applies the technique of multiple correlation
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Fio. 3.-Clinical diagnostic index used as a measure of severity
and correlated with the basal metabolic rate. The regression line

of the index on the B.M.R. in toxic cases is shown.

much more consistent and reliable readings are obtained.
We have modified their techniques and we now carry
out duplicate readings on at least two consecutive days.
The patient stays in hospital overnight a.nd is given full
doses of butobarbitone. The lowest of the four values
is adopted. With this method we have compared the
diagnostic accuracy of the Robertson and Reid and the
Aub and Du Bois standards in 209 subjects (Crooks
et al., 1958).
There is no difference in clinically obvious cases, but

in doubtful cases which were subsequently proved to
be thyrotoxic three-quarters were correctly placed by
the former standards, compared with only half (taking
the upper limit as + 10%) or a quarter (taking the
upper limit as + 20%) on the Aub and Du Bois scale.
Ten definitely thyrotoxic patients who had " normal "
B.M.R.s by both standards were reinvestigated after
treatment. In all of them the rate fell. In some this
was probably due to the occurrence of the disease in
patients whose B.M.R.s in health were much lower than
the established mean value (Robertson, 1934). In at
least half of the cases it was more probably due to
obesity. Depot fat has a very low rate of oxygen
utilization (Krebs and Johnson, 1948), so that obesity
produces an increase in surface area without a propor-
tional change in oxygen consumption. The incorporation
of lean body mass in the reference standard has been
shown by Bernstein et al. (1956) to eliminate this fallacy.
In practice this finding suggests that a normal B.M.R.
in a patient in whom there are grounds for suspecting
thyrotoxicosis should not preclude the diagnosis if the
weight approximates to height and age and there is a

history of loss of weight.

subconsciously in a non-quantitative manner. The
clinical index applies this principle at the conscious
level and makes a diagnosis less individual and more
objective.

Special Test for Thyrotoxicosis
In my Bradshaw Lecture I reviewed the laboratory

methods which have been used as diagnostic aids in
thyrotoxicosis. Further experience has made me revise
some of my views on their relative value and accuracy,
and I shall give the reasons for this change of opinion
and describe some new techniques which have been
introduced.

Basal Metabolic Rate
This is the standard laboratory investigation used by

most clinicians when they wish to confirm or refute a

diagnosis of thyrotoxicosis. The basal metabolic rate
(B.M.R.) is raised in a variety of other conditions-for
example, in leukaemia, heart failure, and phaeochromo-
cytoma. A complete list of diseases which may produce
hypermetabolism and therefore misleading results is
formidable (Bauer, 1956). In practice, however, the
presence of these conditions is usually obvious and the
estimation is not carried out. A thyrotoxic patient,
however, may have a B.M.R. lying within the normal
range, and Skanse (1949) refers to numerous studies
which report the occurrence of normal rates in 10 to
20/00 of cases of thyrotoxicosis. At Sheffield we
(Goodwin et al., 1951) found that 35% of our cases had
rates lying below +20% using the standards of Aub
and Du Bois (1917). Further experience has modified
my views on the degree of diagnostic inaccuracy in
B.M.R. estimations. If the technique and standards
advocated by Robertson and Reid (1952) are adopted,

Sleeping Pulse Rate
Though this is not strictly a laboratory test, should

like to discuss it here, since we always record the pulse
rate while the patient is asleep under the influence of
the hypnotic given before a B.M.R. estimation. In
addition we have examined a larger number of readings
taken by night nurses who had been carefully instructed
on the technique they were to use. Details are given
elsewhere (Crooks and Murray, 1958). The important
findings are that sleeping pulse rates of more than 80
per minute make the diagnosis of thyrotoxicosis highly
probable. There is, however, no significant correlation
between the rate and the degree of clinical severity of
the disease. Unfortunately, about a half of all the
thyrotoxic patients studied had sleeping pulse rates of
80 per minute or lower, and this figure rises to two-
thirds if diagnostically difficult cases only are considered.
In 4 out of 138 cases of thyrotoxicosis sleeping pulse
rates lower than 65 were recorded.

Chemical Estimation of Serum Protein-bound Iodine
The estimation of the amount of 127J bound to protein

is generally regarded as an accurate index of the amount
of circulating thyroid hormone. Several workers in the
United States of America have produced evidence that
levels outside the normal range are the most reliable
laboratory evidence of abnormal thyroid function. The
subject is well reviewed by Rapport and Curtis (1950).
We experienced serious technical difficulties with the
method of Barker et al. (1951), but Macgregor and
Farrell (1958) have introduced us to a modification of
the method of Zak et al. (1952) which gives consistent
and reliable results. It is, however, difficult to avoid
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occasional contamination of glassware or chemicals by
amounts of iodine greater than the extremely small
quantities one is attempting to estimate. A room must
be set aside for this determination, and all experiments
must be performed in duplicate. The normal range is
usually taken as 3.5 to 7 jug./I00 ml. The level is raised
in thyrotoxicosis, but mild cases usually show a lesser
degree of abnormality than would be expected from
the radioactive iodine criteria. The administration of
either inorganic or organic iodine compounds affects
the accuracy of the method. We have personally found
it of value in assessing thyroid function in cases after
thyroidectomy and when 1311 studies have given
inconclusive results. This estimation, moreover, gives a
more complete picture of iodine and thyroxine
metabolism when the results of simultaneous studies
with radioactive iodine are available (Riggs, 1952).

Radioactive Iodine

In my Bradshaw Lecture I described the use of 1311
as a diagnostic aid in thyrotoxicosis. It is now generally
agreed that if the necessary equipment is available, tests
using radioactive iodine cause the patient little
inconvenience and give quick and relatively reliable
answers. Macgregor and I (1958) have summarized
our present views of the relative value of the different
techniques using 1311. It is clear that several techniques
give results which correlate well with the final clinical
diagnosis. The main recent advance in this field has
been the introduction of the short-lived isotope 132J,
which delivers a much smaller amount of radiation to
the gland. In addition, tests have been devised which
distinguish between the high radioactive iodine uptake
of thyrotoxicosis and of iodine-deficient glands.

At Glasgow we have used the same methods as at
Sheffield and have studied two parameters of thyroid
function. It is of some interest that the application of
these techniques in a different department using different
apparatus and controlled by different personnel and
applied to a different population in a different country
has given essentially the same results. We give 30 ,uc
of the isotope by mouth and measure the four-hour
uptake of 1311 by the gland and the 48-hour protein-
bound plasma activity (P.B.311). The measurement of
plasma activity has been rendered technically much
easier by using an ion-exchange resin (Zieve et al.,
1956). Gland uptakes of greater than 45% and plasma
P.B.1311 levels of more than 0.4% indicate thyrotoxicosis.
When the results agree, and both indicate normality or
abnormality, the correlation with the final diagnosis is
of the order of 98%. About 10% of results are,
however, discordant. When the gland uptake is raised
and the P.B. 1311 is within normal limits the patient
usually has a non-toxic goitre.
When the gland uptake is within normal limits and

the P.B. 131 is raised it is wise to make sure that the
patient is not suffering from Hashimoto's disease or has
not been treated either by 13'I or by partial thyroid-
ectomy. In such cases the functioning part of the
gland may be working to the maximum of a diminished
capacity to synthesize the thyroid hormones. There is
a diminished thyroid pool, and a relatively large
proportion of the circulating hormone is labelled with
the isotope, giving a high P.B.1311. In general, however,
the 48-hour P.B.3111 correlates a little better than the
gland uptake with the final diagnosis and it can be used
as the sole diagnostic criterion. This test has the

advantage that the isotope can be given to patients at
hospitals far removed from the centre at which the
estimations are carried out. By carrying out the thymol
turbidity tests or colloidal gold reaction on blood
showing significant plasma radioactivity it is sometimes
possible to distinguish between samples from thyrotoxic
patients and those from cases of Hashimoto's disease.
Our experience of the tests which use renal excretion

of the isotope as an indirect measure of gland uptake
suggest that the best is that of Fraser et al. (1953). Its
only defect is the potential inaccuracy of urine collection.
It has the merit that the patient need not come into
contact with counting apparatus or technical personnel
and that the dose of 1311 is relatively small. Two types
of clearance test are used in this country. Pochin (1950)
prefers the neck-thigh ratio at two hours and
Coenegracht and Fraser (1955) have reported favour-
ably on a method described by Berson et al. (1952).
It gives an answer quickly, since it measures the 1311
clearance during the 35 minutes following the adminis-
tration of the isotope, which must, however, be given
intravenously. It is said to be the most reliable test
in the assessment of cases which have been treated by
thyroidectomy or 131 (Goolden, 1958). We tend,
however, to rely on the chemical estimation of P.B.127 1
in such cases. The general problem of the relative
reliability of methods of assessing thyroid function after
1311 therapy is discussed by Schultz and Zieve (1956).

Tests using radioactive iodine yield fallacious results
if the patient is rieceiving iodine in the form of a cough
mixture or Lugol's solution, and it is wise to perform
a qualitative test for urinary iodide such as that
described by Fraser et al. (1953) if unexpectedly low
uptakes are recorded. Radiological contrast media
which contain iodine may affect the uptake for many
months. In practice, the most important fallacy in
uptake tests comes from relative iodine deficiency. This
may be associated with goitre or it may have been
induced by the previous administration of an anti-
thyroid drug. Thyrotoxic patients often have high
uptakes for many months after treatment by thyroid-
ectomy or by radioactive iodine. Fraser (1956) has
described modified uptake techniques which in most of
the above circumstances enable satisfactory results to be
obtained using 1311. We use these special tests compara-
tively seldom, since we find that, provided it is known
whether the patient is receiving or has received
treatment for suspected thyrotoxicosis, the two tests we
use in combination almost always guide us to a correct
result. When they are in agreement they are very
reliable, and when they are discordant they give a
warning that some other approach to the problem must
be made. For example, in these circumstances we
usually determine the B.M.R. or the P.B.'271, or both.
If there is still a doubt a therapeutic trial with an anti-
thyroid drug should be carried out.

Use of 1321
This isotope with a short half-life of 2.26 hours has

recently become available. Its rapid decay enables
studies to be carried out at frequent intervals, and its
radiation effects are of such short duration that it can
be used in children and during pregnancy. Compared
with 'l3I it gives only about one-fortieth of the radiation
dose to the thyroid for an equivalent number of
microcuries. At first, like Hanbury et al. (1954) we
found it difficult to obtain consistent readings, but these

JAN. 2, 1960 STUDIES IN THYROID DISEASE
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difficulties have now been overcome, and a new method
of preparing the isotope from I 2Te, using an alumina
column, obviates some of the hazards arising from the
original technique, which involved distillation (Stang
et al., 1957).

1321 can be used in routine thyroid-function tests.
Halnan and Pochin (1958) studied the neck-thigh ratio
two hours after an oral dose taken fasting. They found
a good separation between thyrotoxic and euthyroid
subjects, and if there was doubt they repeated the test
after the administration of thyroxine or triiodo-
thyronine. Farran (1958) has shown that the rate of
uptake of 1321 by the thyroid during the first 30 minutes
after the intravenous injection of 3-5 /,tc. of the isotope
is also a useful diagnostic test which gives a 90%
separation between thyrotoxic and euthyroid cases.

For detailed studies of thyroid function the short-lived
isotope possesses great advantages over 131 (Goolden
and Mallard, 1958). It is, for example, specially suitable
for use in investigations that require the repetition of

tests, and can be used to study day-to-day variations in
thyroid activity (Francois et al., 1958; Halnan and
Pochin, 1958) or to investigate the effect of antithyroid
drugs on thyroid activity. This advantage over 1311 is
well shown in Fig. 4, where the short-lived isotope
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FIG. 4.--Effect of triiodothyronine on the thyroid uptake of '321
in a normal subject, a thyrotoxic patient, and a patient with an

"iodine deficiency " goitre.

has enabled daily estimations of the gland uptake to
be made.
The suppression of the gland uptake of 132J by

triiodothyronine in the normal individual and in a case

of non-toxic goitre is contrasted with the absence of
effect in a thyrotoxic patient. The short-lived isotope
is more difficult than 13ll to prepare and handle. Its
chief defect from our point of view is that it cannot be
used to estimate the plasma activity at 48 hours, which
is the test of which we have most experience and on
which we put most reliance. We agree with Goolden
and Mallard (1958) that it is unlikely to replace il3i
completely in standard diagnostic work. We use it as

they do in special investigations in which we wish to
repeat our observations at frequent intervals. A more
complete picture of iodine metabolism is obtained if
estimations of P.B.1271 are carried out at the same time.

Treatment of Thyrotoxicosis
Three rival and satisfactory forms of treatment are

available for treating thyrotoxicosis, and in a given
case it is not always easy to decide which is the most
appropriate. Surgical treatment is probably the most
widely used. It has been made extremely safe by
modern anaesthesia and by the pre-operative use of
antithyroid drugs. Operation may, however, occasionally
give rise to unfortunate sequelae. Thus, though rare,
tetany from parathyroid damage, damage to the
recurrent laryngeal nerve, wound sepsis, secondary
haemorrhage, and adherent scars, as well as the
pulmonary complications secondary to any surgical
procedure, are still seen. The main criticism of surgery
is the relative frequency with which patients relapse--
a specially unfortunate occurrence if radioactive iodine
treatment is not available, since a second operation is
technically difficult and is especially liable to lead to
hypothyroidism (Bartels, 1953). It is of interest that
10% of our series of 150 thyrotoxic cases treated by
1311, and 12% of the 500 cases reported from Sheffield
by Blomfield et al. (1959), were examples of recurrence
of the disease after operation. The incidence of post-
operative hypothyroidism is also high, ranging in
different series from 2.9% to 21%, with a mean rate
of 5.4% (Bartels, 1953).

It seems clear, therefore, that partial thyroidectomy
is by no means the ideal form of treatment. The
alternative methods involve the use of antithyroid drugs
or of radioactive iodine. Much controversy surrounds
the comparative effectiveness of different antithyroid
drugs, and we have devised a method of comparison
based on the history and physical examination which
can be used to investigate this problem.

The Therapy Index

The clinician concludes that a patient is showing
improvement when he observes the gradual disappear-
ance of a number of abnormal symptoms and signs.
This he can do fairly satisfactorily, but he finds that
the degree of improvement is much more difficult to
assess. For example, different clinicians may attribute
different significance to any given change, and even the
same observer may find it difficult to decide on the
relative importance to be attached to conflicting features
-for example, to a persistence of tachycardia in a

patient who has gained weight. The alternative method
of assessing improvement by repeated estimations of
the B.M.R. is time-consuming and inconvenient to the
patient. The normal range of B.M.R.s is so wide that
it is difficult to know when a given patient has reached
the level which is normal for her, and a comparison
between various forms of treatment must be based on

statistical differences between groups of patients.
We have approached the problem of assessing the

response to treatment in a new way. We have modified
the clinical diagnostic index, which I have already
discussed, so that it can be used as a therapy index.
To do this we have removed from the list of the
diagnostic features of thyrotoxicosis those which are
unaffected by treatment. The scores used for this
purpose are given in Table IL. It will be seen that the
figures differ in some respects from those given in
Table I for the diagnostic index. For example, the
combination of loss of weight with increased appetite
is highly significant diagnostically, but in the assessment
of therapeutic response an increase in weight is more
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TABLE II.-Thyrotoxicosis-Therapy Index. Weighting Factors
Allocated to the Symptomns and Signs of Thyrotoxicosis

Symptoms Score Signs Score

Dyspnoea on effort +1 Hyperkinetic movements +4
Palpitation. +2 Fine finger tremor + I
Tiredness .. + 2 Hands:
Preference for cold +5 Hot. +2
Excessive sweating + 3 Moist .+ 1
Nervousness +2
Appetite increased + I Resting pulse rats:
Weight decreased*.. +4 >85,minute .. .. +3

* For each 4 lbs. weight gain deduct 1 point.

important than a diminution in appetite. Hence the
rating for loss of weight was increased to +4 and that
for increased appetite reduced to + 1. Patients were
examined weekly in the out-patient department by the
same clinician, and a standard routine was used. The
resting pulse rate was recorded after the patient had
been lying undisturbed on a couch for 10 minutes. The
total score or therapy index was derived at the first
visit and was determined at each subsequent weekly
visit. A symptom or sign had to disappear completely
before its value was deducted from the index.

Application of the Therapy Index

We first studied 40 patients who were definitely but
not severely thyrotoxic and who had diffuse goitres and
exophthalmos; that is to say, they were examples of
classical Graves's disease. They were allocated alter-
nately to two groups. Those in the first group were
given methylthiouracil in a dose of 600 mg. a day for
two weeks, followed by 300 mg. a day; those in the
second group had 600 mg. of potassium p2rchlorate .a
day.

Typical examples of the changes in the index during
treatment are shown in Fig. 5 (A and B) along with the
changes in the B.M.R. A response of this type with a
linear regression on time was shown by 33 cut of the
40 patients. The other patients were slower to respond

THCt9APEUIJTC
INDEX B.MR.

A. 40 - Trheropeutfic Index +80
s~~~~~~~~~~~BAo__ R. _

METHYL 2 BMR 3
20 - "_-+30

THIOURACIL O

o - 20
B. 40 +80

POTASSIUM M
20- + 30

PERCHLORATE L

0- -20
C. 40- +80

METHYL
20 - _ +30THIOURACIL e -

O -20
D. 40- + 80

PO, ASS IUM
20- +30

PERCHLORATE 0

0 -20

0 2 4 6 8 10 12 14
WEEKS

FIG. 5.-Changes in therapeutic indices and B.M.R.s during
treatment with methylthiouracil and potassium perchlorate
(600 mg. daily). A and B show linear changes of the therapeutic
indices with time. C and D show the delayed type of therapeutic

response.
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to the drugs as judged by the changes both in the index
and in the B.M.R. Typical examples are shown in Fig.
5 (C and D). This also shows that a failure to respond
immediately to an antithyroid drug does not preclude
ultimate control.
Average rates of change were not used to compare

the drugs, since they do not represent accurately the
influence of the cases showing the slow type of response.
An alternative method of comparison was therefore
devised, and we determined the time taken for all the
patients in each group to reach a level which we decided
would indicate complete remission or "cure." This
was taken to have occurred when the therapy index
reached and remained within the range zero to 5 for
three consecutive weeks. The actual week of "cure"
was chosen as the week with the lowest of the three
values. The range of indices from zero to 5 was chosen
because it allows only one feature of high diagnostic
significance to be present. We found, moreover, that,
in patients satisfactorily controlled the indices fluctuated
for long periods between zero and 5. Further

20 -
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0
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mean-131 weajs

-- MErHrL rHIOURACIL
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0 2 4 6 8 10 12 14 16 1B 20 22 24
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FIG. 6.-Times taken to effect " cure " by potassium perchlorate

(600 mg. daily) and methylthiouracil.

confirmation that this range indicated full control of the
disease was afforded by estimations of the B.M.R. in
the two groups. When examined statistically the mean
rates at the time of "cure " did not differ significantly
from zero.

Fig. 6 shows the number of patients reaching the level
we have defined as " cure " at any given time. From it
can be calculated that the mean time to " cure " for the
group rezeiving methylthiouracil was 9.1 weeks, and for
that receiving potassium perchlorate 13.1 weeks.
When these patients were euthyroid they were given

maintenance therapy for three months, and then the
administration of the drugs was stopped. Of the 40
cases, 14 relapsed and were regarded as a separate
group. Eight subjects who had received methylthiouracil
were now given potassium perchlorate and six subjects
previously treated with perchlorate were re-treated
with methylthiouracil. The design of this series of
observations was similar to that of the " cross-over "
method used by pharmacologists for the assay of
substances such as insulin. In the group receiving
potassium perchlorate the time taken to effect a " cure "

was four weeks longer than when they had been given
methylthiouracil. Similarly, the group receiving
methylthiouracil reached the score indicating a " cure "
four weeks earlier than when they had been given
potassium perchlorate. In these observations each
patient acted as her own control.

-. er-
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8 JAN. 2, 1960 STUDIES IN THYROID DISEASE

We also made a comparison between the initial
values of the therapy index and the times taken to effect
" cure." This showed no significant correlation between
the two variables. In other words, there is no relation-
ship between the initial severity of the disease and the
rate of therapeutic response. This runs counter to the
generally accepted but unproved view that severe cases
of thyrotoxicosis take longer to become euthyroid than
mild ones.

Comparison of Methylthiouracil, Carbimazole, and
Potassium Perchlorate as Antithyroid Drugs

We were now satisfied that our clinical method of
comparison gave valid results and that it was
unnecessary to check the patient's progress by
repeated estimations of the B.M.R. It was thought
sufficient to carry out this test only at the start and at
the end of the trial. Two further groups of patients
with classical Graves's disease were treated, one with
potassium perchlorate in a dose of 1,000 mg. a day and
the other with carbimazole in a dose of 60 mg. a day
for two weeks followed by 30 mg. a day that is, in
one-tenth of the dose received by the group which had
received methylthiouracil. The cumulative distribution
for both drugs is shown in Fig. 7. The mean time to

u)
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/ / ~~~~~mean-12-3 weeks

o 2 4 6 a lo 12 14 16 18 20 22. 24
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FIG. 7.-Times taken to effect "cure" by carbimazole and
potassium perchlorate (1,000 mg. daily).

"cure " for the potassium perchlorate treated group

was 9.4 weeks and for the carbimazole series 12.3
weeks. Variance analysis of the mean times to " cure "

of the four series of 20 patients receiving different drugs
or different doses of perchlorate showed that methyl-
thiouracil (600 mg. daily for two weeks followed by
300 mg. daily) and potassium perchlorate (1,000 mg.
daily) were equally effective; both were more effective
than carbimazole in one-tenth of the dose of methyl-
thiouracil and potassium perchlorate in a dose of 600
mg. a day.
When we first began to use potassium perchlorate we

were impressed by its relative freedom from unwanted
side-effects. It was first shown to be a useful antithyroid
drug by Godley and Stanbury (1954). This was

confirmed in a much larger series of cases by Morgans
and Trotter (1954), who had the impression that the
rate of response produced by 400 mg. daily was less
than that produced by methylthiouracil in a dose of
200 mg. daily. Since potassium perchlorate is a simple
inorganic compound it seemed to us a priori less likely
to produce sensitization effects than the organic anti-
thyroid substances and in particular to be less likely
to damage the haemopoietic system. We decided,
therefore, to try to assess the relative frequency of the
side-effects of potassium perchlorate, methylthiouracil,

and carbimazole. No statistically significant difference
was found between the liability of the organic
substances to produce sensitization reactions such as
skin rashes or blood dyscrasias (Table 1I). On the

TABLE III.-Toxic Effects in Cases Treated With Methylthiouracil,
Carbimazole, and Potassium Perchlorate

Methyl- Carbimazole Potassium Perchlorate
thiouracil 60 mng.

Toxic Effect 600 mg. DailyDaily 2 Wks. 2 Wks. 600 mg.* or 1,500mg.tor
then 300 mg. then 30 mg. 1,000 mg. 2,000 mg.

Daily Daily

No. of cases .. 151 85 200 50
Skin rashes .. 5 4 1 5
Nausea .. .. - 1 3 2
Drug fever . 2 - - -

Agranulocytosis .. 2 2 I1
Thrombocytopenia I - -

* 35 patients. t 10 patients.

other hand potassium perchlorate in doses of 1,000 mg. a
day or under was less likely than the organic antithyroid
compounds to produce adverse effects of this type.
Higher doses of potassium perchlorate produced
reactions as often as the organic compounds. Of the
four patients who complained of nausea while taking
perchlorate three were able to continue when an antacid
was given, and the nausea disappeared within a week.
We draw two generalizations from our observations.

Both the rate of response to antithyroid drugs and their
liability to produce sensitization reactions seem to vary
with the dose. We have examined the extensive
literature on the antithyroid drugs and have found it
extremely difficult to assess the significance of the
results reported. In comparing the relative activity of
different compounds few observers seem to have been
aware of the complexity of the problem. Not only must
the clinician know about and allow for the phenomenon
common to all biological material of individual
variation in response, but he must also standardize, so
far as he can, the type of patient he treats and the doses
he uses. We have found no published observations
which cannot be explained on the view that ,the response
of a patient to an antithyroid drug is a function of the
dose. At a certain critical blood level, which is different
for each drug, the synthesis of the thyroid hormone is
completely blocked and all drugs are equally effective
when given in a dosage which will produce this or a
greater level.

This immediately raises the question of the relative
liability of the different drugs to produce toxic side-
effects at different dosage levels. We have also
examined the extensive literature on this subject. It is
impossible to draw definite conclusions. Few clinicians
have compared properly matched groups of patients
under their own observation on standard doses of
different drugs, and when they have done so, statistical
tests of significance have rarely been apRlied to the
figures. Most of the conflicting conclusions can be
traced to one or other of these defects. We do not
think it justifiable, as many have done, to draw
deductions from groups of cases collected from the
literature.
Our own tentative conclusions are these. There is no

convincing evidence that any of the organic antithyroid
drugs is significantly more toxic than any other when
given in therapeutically equivalent dosage. Our
experience suggests that potassium perchlorate is less
likely to give rise to skin rashes or blood dyscrasias in
doses which act as quickly as the conventional
therapeutic doses of methylthiouracil and carbimazole.
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Use of Potassium Perchlorate as an Antithyroid Drug
Since our investigations suggested that potassium

perchlorate was the antithyroid drug of choice I should
like to deal briefly with one or two practical aspects of
its use. It affects the iodide-trapping mechanism of the
thyroid, and there is evidence that the action of
substances of this type can be overcome if sufficient
iodide is given (Franklin et al., 1944). We therefore
made observations on groups of patients with relatively
high and relatively low intakes of iodine in the diet.
There was no statistical difference in the rate of
response to perchlorate. There is thus no need to
advise dietetic restriction of iodide intake, though we

warn the patient against taking certain cough medicines
which contain iodide in relatively large amounts.
We have used potassium perchlorate pre-operatively

in 20 patients, of whom 18 had nodular goitres of
moderate size, and our surgical colleague Mr. D. H.
Clark did not encounter technical difficulties due to
increased vascularity in this type of case. It may well
be that the contradictory views which have been
expressed on the effects of antithyroid drugs on the
vascularity of the gland are due to the lack of an
investigation designed to eliminate the effects of
biological variation and of bias on the part of the
surgeon.

Potassium perchlorate has been given to nine pregnant
thyrotoxic patients and in each case satisfactory control
of the disease was achieved. One of the infants had a
very slight enlargement of the thyroid gland which
disappeared within six weeks.
We now use potassium perchlorate in a dose of 250

mg. four times a day as our standard antithyroid drug,
and so far we have had no reason to regret our choice.

Reserpine in Treatment of Thyrotoxicosis
Canary et al. (1957) have claimed striking improve-

ment in thyrotoxic patients treated with reserpine. Ten
patients who were given 0.25 to 1 mg. of the drug
orally every six to eight hours improved considerably
in three weeks. Palpitation, excessive sweating,
heat intolerance, dyspnoea on exertion, the skin
manifestations, and tremor were completely relieved in
all the members of the group, and nervousness improved
in all but one. Eye signs disappeared in three patients
and improved in two. The gland's uptake of radioactive
iodine, however, was not affected. Others (Moncke,
1955: Ldvei and Bona, 1956; Chowdhury, 1958) have
also claimed that reserpine is of value in the treatment
of thyrotoxicosis, and Gordan (1958) states that since
the publication of the paper by Canary et al. almost all
the thyrotoxic patients he has seen have been treated
with this drug.

Reserpine diminishes the results of sympathetic
overactilxity partly through central and partly through
peripheral mechanisms. There are thus theoretical
reasons why it might diminish the effects of an excess
of thyroid hormone, since this may produce some of its
peripheral actions by sensitizing the tissues to adrenaline
and noradrenaline.
We did not feel justified in using this potentially toxic

substance as an alternative to a standard antithyroid
drug. We decided, however, that it might be given with
advantage to patients immediately after the administra-
tion of radioactive iodine. It would then have its effect
in the latent period before the isotope had begun to
depress thyroid function. This is a period in which in

BRITISH 9
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our view the administration of drugs which affect
thyroid function is undesirable.
A double-blind trial was used, but, since the side-

effects of reserpine might have enabled the observers to
differentiate between the groups receiving the reserpine
and the inert tablets, a second observer was interposed.
Part of the interest of this trial lies in the use of this
method, which could be applied to the evaluation of
any toxic drug. That this precaution was necessary is
demonstrated by the high incidence of severe toxic
effects which occurred in the group receiving reserpine.

Twenty patients who had received '31I therapy took
part in the trial. They were allocated by random
selection to two groups, one of which received reserpine
by mouth in a dose of 0.5 mg. four times a day and
the other inert tablets of identical appearance. They
were interviewed by a physician who recorded the blood-
pressure and supplied the tablets, and who noted any
symptoms or signs which either he or the patients
attributed to the tablets. The patient was then told to
withhold this information from the second physician,
who assessed the degree of thyrotoxicosis.

Progress was judged by the weekly assessment of
those symptoms and signs which improved in the cases
treated by Canary et al. (1957). Neither at four weeks,
the time at which Canary et al. made their observations,
nor at six weeks was there any difference between the
two groups in the number of clinical features recorded
except in the case of the pulse rate and weight. There
was a significant fall in the pulse rate (P<O.O1) and a

significant gain in weight (P<0.05) in the reserpine-
treated series. Full details of this work have been
published elsewhere (Buchanan et al., 1959).

It is a remarkable and rather disturbing fact that so
toxic a substance can have been widely used in the
treatment of a disease for which much safer and more

specific remedies are available. It is all the more
remarkable when a controlled trial shows that reserpine
administered orally in doses apt to give severe side-
effects produces no obvious benefit in a group

of thyrotoxic patients. Indeed, the only alterations in
our series which could be attributed to reserpine were

due to a non-specific action of the drug. Clinicians
have no doubt been unduly impressed by the increase
in weight and the slowing of the pulse rate which
reserpine produces in thyrotoxic patients. When these
are secondary to a diminished amount of circulating
thyroid hormone they undoubtedly indicate improve-
ment in the disease. But reserpine can produce these
effects in euthyroid individuals, and in themselves they
confer no special benefit on the patient. The thyrotoxic
patient given deoxycortone and salt would put on

weight, but this could hardly be regarded as evidence
that it was a valuable form of treatment.
We conclude that reserpine has no place in the treat-

ment of thyrotoxicosis except possibly in a thyrotoxic
crisis, where different considerations apply.

Radioactive Iodine in Treatment of Thyrotoxicosis
It is universally agreed that 1311 is effective in the

treatment of thyrotoxicosis, and there are some who
believe that it is the best and safest form of treatment
for every case of the disLease. The majority of centres,
however, use this form of therapy only in selected cases.
There are several excellent recent reviews of this subject
(Myant, 1956; Pochin, 1958; Blomfield et al., 1959),
and I do not propose to cover the same ground. I shall
outline our own criteria for the selection of cases and

B
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10 JAN. 2, 1960 STUDIES IN THYROID DISEASE

the simplified method we use for deciding on the dose
of the isotope. We have compared the results of our

technique with those of more complex methods, and in
addition have made observations on the influence of
pre-treatment with methylthiouracil on the radio-'
resistance of the thyroid gland.

Selection of Cases
The chief consideration which limits the use of

1311 in the treatment of thyrotoxicosis is fear of the late
development of malignant changes in the thyroid gland.
Many thousands of patients have been treated in the
past 15 years and so far there are no reports of cases

of carcinoma which could be attributed to this form of
treatment. There is, however, evidence that ionizing
radiations can lead to the development of malignant
disease of the gland in children (Wilson et al., 1958).
It seems improbable that the incidence of post-
radiation carcinoma in the adult, if it occurs at all, will
be high. Most clinicians, however, prefer to treat
patients with an expectation of life of 20 to 25 years.
Younger patients may be treated if surgery is
contraindicated. In women before the menopause and
in comparatively young men the possibility of genetic
effects arising from irradiation of the gonads should
be taken into account (Blomfield et al., 1959).
These general considerations lead us to select the

following groups of patients as suitable for treatment
with 1111. (1) Patients over the age of 45 in whom it is
the treatment of choice. (2) Any patient who, because
of associated disease, has a life expectancy of less than
20 years. (3) All patients, irrespective of age, who have
relapsed following thyroidectomy. A second operation
is specially apt to produce myxoedema or damage
structures adjacent to the gland. (4) Young patients who
have relapsed following antithyroid drugs or who have
shown sensitization reactions to them but only if they
have refused operation.
The only absolute contraindication to 1311 is

pregnancy. A few workers are unwilling to treat a case
with a multinodular gland, especially if there is tracheal
compression. As a rule, however, such cases fulfil our
criteria of suitability, and in our experience 1311 therapy
gives satisfactory results.

Methods of Deciding on Dosage of 1311
The selection of the appropriate dose of 1311 is

important. lt is the aim of the physician to find a dose
which will cure the patient without producing hypo-
thyroidism. A few centres give small and repeated
doses of the isotope, hoping thus to minimize the
possibility of overtreating the case (Williams et al.,
1949). The majority, however, emulate the surgeon and
try to give a single dose which will destroy the optimum
amount of functioning tissue. In general they are no
more and no less successful than the surgeon, and the
overall incidence of myxoedema in 1,720 cases from
different centres was 90% (Seed and Jaffe, 1953). In
the investigation carried out in Sheffield we attempted
to deliver to the thyroid gland a dose of between 6,000
and 8,000 rads (Blomfield et al., 1955). We used a

formula which involved a knowledge of the 48-hour
uptake of a tracer dose of 13'I and of the weight of the
gland. A review of 140 cases showed that 62% of
patients were made euthyroid with one therapeutic
drink and ultimately 84% were cured; 12% showed
evidence of hypothyroidism. One member of this team
went to Edinburgh and reported the results of treating

150 cases of thyrotoxicosis using a greatly simplified
dosage scheme (Macgregor, 1957). The results did not
differ significantly from those obtained by using the
more elaborate and quantitative technique described
above.

In Glasgow we have used a similar dosage scheme.
To patients with glands which could not be palpated we
have given 5 mc., to those with definite diffusely
enlarged but small glands 6 to 7 mc., and to those with
larger glands doses up to 25 mc. Factors other than
gland size have influenced our decisions on dosage; for
example, patients who had a previous thyroidectomy
received relatively small doses, usually between 5 and
6 mc., while those with nodular glands and patients
with cardiac failure received relatively large doses. All
patients were seen at monthly intervals and were
retreated three to four months after the initial dose if
they were still thyrotoxic. After they had become
euthyroid they were seen at intervals of from two to
six months. Hypothyroidism was treated only after it
had persisted for from three to four months.
The results of treating by this method a series of 100

cases followed for a minimum period of 12 months is
shown in Table IV. For comparison we give the figures

TABLE IV.-Clinical Results of Radioactive Iodine Therapy
(Minimum Follow-up, One Year)

No. of cases
Euthyroid with one dose
Myxoedema

Present

100
67°/
6%

Macgregor
(1957)

150
59%
9%/

Blomfield el at.

(1959)

500

59%
12%

for a much larger series of 500 cases reported from
Sheffield by a different group of workers (Blomfield
et al., 1959) and for the 150 cases to which we have
already referred, treated at Edinburgh by Macgregor
(1957). There is no significant difference in the figures
for the one-dose cure-rate or for the incidence of
hypothyroidism. It should, however, be remembered
that our minimum follow-up period of one year under-
estimates the incidence of hypothyroidism which may
develop several years after treatment.
We, however, had also determined the 48-hour uptake

of 13ll and estimated the size of the gland in grammes,
so that we were able to calculate the dose we would
have given if we had been using the more precise
Sheffield technique. This alternative dose was not
calculated until after treatment so as to avoid any bias
in the original dose prescription. We have plotted the
doses we actually used against those which would have
been given if we had used the Sheffield procedure.
Fig. 8 shows that we have tended to give larger doses
to those in the small-dose range and smaller doses to
those in the large-dose range. This phenomenon is
probably due to the reluctance of those using the clinical
method of dose prescription to prescribe very large
doses in the absence of the moral support of a formula.
The difference is, however, not reflected in the one-dose
cure-rate probably because of the relatively small
numbers of patients who required large doses, and also
because these patients tend to be under-treated even
when the more precise method is used (Blomfield et al.,
1959).
We agree with Macgregor that the prescription of an

entirely accurate radiation dose is not possible partly
because of errors inherent in the technique for the
estimation of the gland mass, partly because of differ-
ences in the behaviour of the tracer and therapeutic
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doses, and partly because of the biological variability
in the radiosensitivity of different glands. With his
method thyrotoxic patients can be treated safely and
cffectively without elaborate techniques. Though we
do not allow for the percentage uptake of 3 I by the
gland in deciding on the dose to be given, we consider
preliminary tracer investigations desirable to confirm
the diagnosis.

Pre-treatment of thyrotoxic cases with methylthio-
uracil and thyroxine before giving 1311 has been used
by Fraser et al. (1954) to produce a more uniform
uptake of the isotope by the gland. We investigated
the effects of pre-treatment with methylthiouracil on the
results of 131 therapy. A series of 28 cases treated
with methylthiouracil until one week before the 13 11
was administered provided a significantly smaller
number of one-dose cures (28%) than a comparable
series which received no premedication (75%). Further
investigations have shown that this effect is probably
due to an increased degree of resistance to radiation
conferred on the gland by the pre-treatment. This factor
must be taken into account whatever scheme of dosage
is used, and further observations suggest that a dose
at least 25% larger must be given to those who have
recently received methylthiouracil.
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FIG. 8.-Therapeutic doses of ','I, prescribed in the present series,
plotted against doses calculated from the formula of Blomfield
et al. (1955). The oblique line has been drawn at 45 degrees to

the ordinates.

Choice of Treatment
No hard-and-fast rules can be laid down, but the

clinician will show wisdom if he takes advantage of
1311 treatment when it is available and uses it to treat
patients whose disease has recurred after operation and
those with heart disease. It is of course much the most
pleasant form of treatment, and if I were to become
thyrotoxic it is the form I would choose. Younger
patients are usually best treated in the first instance

with a course of an antithyroid drug such as potassium
perchlorate. Those who relapse should be advised to
have a thyroidectomy after they have been rendered
euthyroid by a further course of an antithyroid drug.

Figs. 1, 2, and 3 are reprodliwced fromtz the Quaarterly
Journacll of Medlicine by permission.

[Thle Second Lecture will be publislhed next wveek, vith
the list of references.]
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There is much evidence to suggest that some at any
rate of the multiple-resistant strains of Staph. pyogenes
so prevalent in our hospitals to-day are of enhanced
virulence, both in their capacity to initiate infection and
in the severity of the infection produced. Thus,
although such strains are relatively uncommon among
staff carriers, they are responsible for the majority of
cases of post-operative infection (Alder et al., 1955;
Barber and Burston, 1955; Shooter et al., 1958), and
some investigators have reported that infection with
" hospital staphylococci " may be of unusual severity
(Rountree and Freeman, 1955; Beaven and Burry,
1956; Ede et al., 1959). While it cannot be assumed
from this that multiple resistance and enhanced virulence
are necessarily associated, the process of selection of
drug-resistant staphylococci in hospitals may have
tended to select strains of high virulence. In fact,
nearly all the multiple resistant staphylococcal infections
in hospitals to-day are due to a relatively few strains
of Staph. pyogenes most of which belong to phage
group III or type 80.
The principles for preventing hospital cross-infection

enunciated long before the introduction of antibiotics
remain the same to-day, but the ubiquity of the
staphylococcus makes their strict application difficult
in relation to this microbe. It is possible that patho-
genic staphylococci could be kept at bay if we had
sufficient isolation facilities, but at present this is not
the case in most hospitals in Britain.

It seemed reasonable, therefore, to attempt to break
the vicious circle by introducing a controlled antibiotic
policy, designed to inhibit the emergence of drug-
resistant staphylococci and to favour penicillin-sensitive
strains. The present investigation was undertaken to

*Working with a grant from the Medical Research Council.
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