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The investigations which form the main part of this thesis
were carried out between 1955 and 1958 in the University
Department of Medicine, Gardiner Institute, Western Infirmary,
Glasgow. They comprise observations on more than 800 subjects
all of whom have been studied by me personally,

Some of the conclusions have already been published
in the following communicationse=
"The Red Cell Mass in Thyrotoxicosis and Myxoedema"., Clinical
Science (1957) 16, 309. (with F.P, Muldowney and E.J. Wayne).
"The Sleeping Pulse Rate in Thyrotoxicosis"., Scottish Medical
Journal (1958) 3, 120. (with I.P.C. Murray).

"The Basal Metabolic Rate in Thyrotoxicosis" Lancet (1958)
i, 604. (with I.P.C. Murray and E.J. Wayne),

The following papers have been accepted for publicatione-
"Statistical Methods Applied to the Diagnosis of Thyrotoxicosis".
Quarterly Journal of Medicine (with I.P.C. Murray and E.J. Wayne),
“Studies of Body Composition in Normal and Pathological States
Using Isotope Dilution Techniques". Prooeedings of the 2nd
World Conference on the Peaceful Uses of Atomic Energy. Geneva,
1958, (with M.M. Bluhm and E.J. Wayne) .

The section which deals with the medical treatment of
thyrotoxicosis has already been presented in abbreviated
form to the British Pharmacological Society during their

annual meeting in Glasgow in 1958,



The mejority of the observations made in this thesis has
been carried out by the author himself., He would like, however,
to acknowledge the help he has received from his collaborators
at both the clinical and technicel levels. Dr. R. A. Robb,
Mitchell Lecturer in Stetistics, University of Glasgow, has
given throughout the work invaluable advice on the staetistical
aspects.

Finally the author wishes to acknowledge the continued
interest of Professor E. J. Wayne who first inspired him to
teke an interest in the field of thyroid disease and who
provided the clinicsl and laboratory facilities which have

made this thesis possible,




Whereas in the past clinicians relied on the empirical
application of clinical impressions in the diagnosis and
treatment of disease, latterly they have tended to place
increesing emphasis on indices derived from laboratory
procedures,

This tendency has developed notebly in the assessment
of thyroid gland function since many relisble leboratory aids
have become available in recent years. The advent of these
new diagnostic techniques, such as radioactive iodine studies,
has decreased the value accorded to cliniecal evidence in the
diagnosis of thyrotoxicosis. Further, no comparison of the
diagnostic accuracy of clinical and lsborstory procedures is
to be found in the literature. Part I of this thesis describes
an investigation designed to provide this comparison and for
this purpose statistical techniques have been applied to clinical
evidence in an attempt to increese the precision of clinical
disgnosis.

The logical sequel to this investigation was an evaluation
of the therapeutic measures available to the physician in the
treatment of thyrotoxicosis. Part II of the thesis, which
is concerned with this subject, esgain emphasises the correlation
between clinicel methods and lsboratory procedures. The first
section compares the effectiveness of the antithyroidAdrugs,
potassium perchlorate, metbyl thiouracil and carbimazole, while

the second section comprises a study of different methods of



estimating dosage of radioactive iodine and an assessment
of the results of this form of treatment.

The treatment of a thyrotoxic patient represents a
dynamic metabolic experiment, Advantage has béen taken
of this fact to apply biochemical and radioisotopic
techniques to a study of the changes in the total red cell
mass and total exchangeable electrolytes produced by the

disease, DPart III of the thesis describes these investigations,
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PART I

THE DIACNOSIS OF THYROTGXICOSIS

1.
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Physicians in general approach the diasgnostic problem
of suspected thyrotoxicosis by investigating four aspects of
thyroid function and the methods by which a diagnosis caﬁ
be reached are conveniently clessified in the following wey.-

(1) The effects of the thyroid hormone on target cells.

(a) Symptoms and signs (clinical diegnosis).
(b) Basal metabolic rate.

(¢) Cardiac effects (e.g. sleeping pulse rate).
(d) Serum cholesterol.

(2) The amount of thyroid hormone released.

(a) Serum protein bound iodine.
(b) Serum protein bound redioactive iodine,

(3) The iodine requirements of the tyyroid.

(&) The uptake of rediosctive iodine by the thyroid.
(b) The clearance of radiocactive iodine by the thyroid.
(¢) Urinary excretion of radioactive iodine.

(4) Response to enti-thyroid drugs (therapeutic trial).

These different methods measure various aspects of thyroid
funstion but although there is an extensive literature on each
method there is a pauncity of date which would allow & comparison
of the diagnostic effectiveness of the various procedures,

This is especially true when one attempts to compare the value
of the clinicel diagnosis with the other methods.

In this section of the work I will describe a method of

clinical diesgnosis which I believe increases the diagnostic



value of clinical evidence. i have compared the results
of the clinical diagnosis with those given by radioactive
iodine studies, basal metabolic rate estimations, sleeping
pulse rate, and serum cholesterol levels. I have also used
the data made available by this investigation to study the
way in which these various perameters of thyroid function

reflect the severity of the disease,

Je



SECTION 1

The Background to the Present Study.

4o
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The clinicsl disgnosis.

The clinical picture caslled thyrotoxicosis was first
described by the Bath physician, Caleb Parry, in 1786 but his
account of the disease wes not published until after his death
(Parry, 1825). Robert Gra&es of Dublin, published three
cases of the disorder in 1835 and first drew attention to
the relation of the oculer complications to the disease,

The most complete of the early clinical descriptions of the
condition is acknowledged to be that of von Basedow (1840)
and little has been added to this description up to the
present day. Apart from identifying other clinical features
of the disease he emphasised the disgnostic importence of the
triad of exophthalmos, goitre, and palpitation.

Trousseau (1860) who labelled the condition Graves.'s])isea.se,
regerded the syndrome as a neurosis analogous to hysteria;

The suggestion, however, that the clinical features were due
to excessive thyroid secretion was not made until 1884 by
Rehn who performed the first sub-total thyroidectonmy.

Plummer (1923) concluded that Graves'sDisease or
exophthalmic goitre was & different cliniéal entity to
“adencmatous goitre with hyperthyroidisn" basing his opinmion
on the verying therapeutic effect of iodine on the clinical
features of the disease, Fraser (1926), however, did not subscribe
to this opinion and concluded that these two conditions were

different phases of the one disease (Fraser, 1931). He was



supported in this view by Marine (1927) and Harington.(1933,
1935). Exophthalmic goitre, toxic nodular goitre, amd toxic
adenoms are now generally accepted to be variations of the
same disease., I have accepted this view throughout the present
study and have used the term thyrotoxicosis to describe the
various combinations of symptoms and signs sssociated with

excessive thyroid activity.

Radiéécfi#é‘ibdiné studiés.

Following the initial studies of thyroid physiology
using redioactive iodine by Hertz et al (1938), both he
(1942) and Hamilton and Soley (1940) pursued these observations
in disorders of thyroid function. They established the
inverse relationship of thyroid uptéke and urinary excretion
of redioiodine., Since then various tests of thyroid function
using rediocactive iodine have been described and an extensive
literature has resulted which has been reviewed by Werner
et al. (1950) and Macgregor and Weyne (1957). These tests
fall into four main groups -- the percentage of the dose
of radioactive iodine teken up by the gland at a fixed time;
the clearance rate of radiocactive iodine by the gland; the
emount of radioectivity excreted in the urine; and the measurement
of protein bound redioactivity. The relative value of the
difterent tests still remains a matter of controversy. McConshey

et al, (1956) considered that & six-hour upteke was the best



Te
routine radioactive iodine test. On the other hand, Pbchin
,(1950) considered that the “neck to thigh" ratio, which
correlates closely with thyroidal clearance of radioactive
iodine, was more likely to be conclusive than measurements
of urinary, plasma, or external body counting rates, Fraser
(1955) favoured urinary radiocactive iodine measurements to
discriminate between hyperthyroid and euthyroid subjects.

In a large series Goodwin et al. (1951) compared the relative
diegnostic velue of seven of these tests and concluded that

the 48-~hour protein bound radiocsctive icdine was the best single
test, After further experience with this test, Wayne (1954)
advocated its combination with the 4-hour upteke of radiocactive
iodine in order to improve the diegnostic accuracy. It is
abundantly clear from the literature that these stendard
radicactive iodine tests have & high degree of diagnostic
accuracy, that no one test is infallible, and that a clear
comparison between them is made difficult by the varying
selection of cases, and the impracticebility of carrying out
all the tests in one series. In the present series thé radio-
active iodine criterie chosen were the 4-hour upteke and the
48-hour protein bound radicactive iodine.

Basal'méﬁébolié raié.

Megnus-Levy (1895) first described the characteristic
elevation of the basal metebolic rate associated with overactivity
of the thyroid glend, Over many years, estimation of the

basal metabolic rate has been & stendard method of assessing
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thyroid function and its value has been well established.

The subject is well reviewed by Du Bois (1956) and Mﬁller‘(1927).
There are, however, three circumstances which decrease the
reliability of the test and which are worthy of special consideration.

(a) Normal basal metsbolic rates in thyrotoxicosis.

The possibility that a normal basal metsbolic rate might
be found in thyrotoxicosis was considered as early as 1916
by Du Bois. This association has been found by many workers
including Means (1937), Bartel (1950) end Crooks, Murray and
Weyne (1958) and accounts for the majority of the diagnostic
errors given by estimation of the bassl metabolic rate in the
present investigation,.

(b) Elevated basal metabolic rates in patients without
thyroid disesse.

The besal metabolic rate has been found to be elevated
in leuksemia (Grafe, 1911), polycythaemia (Minot and Buckman,
1923), Hodgkin's Disease and lymphosarcoms (Du Bois, 1936).
Elevated basal metsbolic rates have also been recorded in
diseases of endocrine glands other than the thyroid e.g. acromegaly
(Boothby and Sandiford, 1922), and phaeochromocytoma (Howard
and Barkei, 1937). These conditions together with other causes
of "éitra-thyroidal hypermetabolism" do not in practice give
rise to diagnostic difficulty since they are readily recognised
and excluded,

(c) Reference stendards.

The choice of a reference standard is an important factor
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producing disagreement concerning the disgnostic accuracy of
basal metabolic rate estimations, In an admirable review of
this espect of the subject Skanse (1949) points out thet in
various series the upper limits of normality have been 4-10%,
+12%, +13%, +15%, and +20% of the mean stendards laid down

by Aub end Du Bois (1917). These standards sre the usual ones
used in clinical work but Robertson and Reid (1952) showed
that they were insppliceble in this country, and provided
alternative standards, which are not yet, however, widely
applied. The advantages of the Robertson and Reid standards
over those of Aub and Du Bois in the disgnosis of thyrotoxicosis
have been confirmed by Crooks, Murray and Wayne (1958) and
for this reason heve been adopted ih basal metabolic rate
estimations throughout the present study.

Sleeping pulse rate.

‘In text-books dealing with thyroid disesse numerous
statements cen be found concerning the value of the sleeping
pulse rate in the diasgnosis of hyperthyroidism., Rundle (1951)
for example, states that thyrotoxic tachycerdia is distinguishable
from functional techycardia by the fact that it does not subside
during sleep, or after a period of rest, Werner (1955) and
McGavack (1951) agree with this statement. Spence (1953),on
the other hend, believes that the pulse rate in hyperthyroidism
may fall considerasbly during sleep, but that it still remains

above the normel level. It should be noted that these writers
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do not record a normal range for sleeping pulse rate which
would allew it to be used in the diasgnosis of hyperthyroidism.
Many authors, referring to this disgnostic procedure, 5ase
their opinions on the observations of Boas (1932). TUsing
a cardiotachometer Boas recorded the aversge minimal sleeping
pulse rates in nine toxic cases, ten subjects with neurogenic

sinus tachycardia, and 103 normal subjects. Although there

" was some reduction of the pulse rate during sleep in the toxie

caseg, it remained about 30 beats per minute above the aversge
minimal rate for the normal subjects, and over 20 beate per
minute above that of the patients with sinus tachycardia.

His conclusion that the sleeping pulse rate was of disgnostic
value in hyperthyroidism cen be criticised on the grounds

of the small number of abnormal subjects studied. Moreover,
the use of a cardiotachometer converts a simple physical sign
into a rather complex procedure and in addition the determination
by eny other means of an average minimal sleeping pulse rate
is one of extreme difficulty. Accordingly, the normsl values
quoted by him cannot be used in routine clinical practioce.
éonsequently before the diagnostic value of the sleeping

pulsg rate in thyrotoxicosis could be compared in the present
study with other diagnostic procedures a normal range hed to
be established and a standard procedure adopted for meking

the measurements.

Serum 7c;h-e'1esterol N

Following the description by Epstein and Lande (1922)
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of serum cholesterol changes in hyperthyroidism many reports
have appeared concerning the place of this investigation in
the diagnosis of this disease Mason et al. (1930, Hurxthal
(1933a), and McElroy et al. (1938) observed that the serum
cholesterol tends to be low in hyperthyroidism. On the other
hand Iuden (1918), Gerdner and Gainsborough (1928), Levy (1931)
and Brgchner-Mortensen and Mgfller (1940) found that the serum
cholesterol was usuelly normal. Further, Peters and Man (1950)
in & comparison of the disggnostic value of serum precipitéble
iodine and cholesterol stated that the latter was of no aid

in detecting over-activity of the thyroid. This is opposed

to the opinion of Hurxthal and Hunt (1935) who considered
that the serum cholesterol estimations had a definite place

in the diagnosis. The value of serum cholesterol estimations

therefore in the diégnosis of thyrotoxicosis remeins controversial.
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SECTION 2

The &linical Diagnosis of Thyrotoxicosis Based on & blinica.l

niaghostic Index,
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Most physicians would agree that while the disgnosis
of thyrotoxicosis is often easy, there are meny 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
cliniciens maey differ in their conclusions. Sometimes the
seme observer may alter his opinion on the same case on
consecutive days. The reason for this state of affeirs is
not immediately obvious but it seems to depend on the nature
of the mental processes involved in arriving at a diagnosis,
In meking his clinical assessment a physician must first
Sbtain a reliasble history and elicit accurately the appropriate
physical signs., At this stage observer varistion is encountered
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 g0 doing he falls back on his own experience or if he is
ﬁore Junior on thet of his teachers. At this point further
differences of opinion arise pértly because some clinicians
regard certain features as of greater disgnostic significence
then do others and partly because anyone tends to be influenced
by a fortuitous run of positive or negative findings occurring

towards the end of the clinical examination.
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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. This in its turn
has had the unfortunate effect of making some clinicians feel
that they must always have laboratory confirmation of their
diagnoses even in the most obvious cases, or what is worse,
of making them place too much significance on laboratory results
which run counter to their clinical judgement. As Bauer (1956)
has said "for these physicians the clinical evaluation lacks
that one tangible asset, a figure reported in per cent
elevation, per cent uptake or gamma per cent". |

No comparisons have so far been reported between the
initial diagnosis made b& a clinician at his first interview
with the patient and the results of laboratory tests.

The present study was initially devised to make this comparison
but by adopting a statistical procedure incorporating some of
the principles of discriminant analysis (Rao, 1948; Zieve and
Hill, 1955a) it was found possible to increase the accuracy

of the initial clinical diagnosis and to study the effects of
observer error. This was done by allocating a positive or
negative score to each clinical feature, the values being based
on an analysis of the relative fregquency of symptoms and signs
in the disease, In this way a total score, or clinical

diagnostic index, can be obtained in each case, I shall produce
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evidence that there is a wide difference between these scores
in frankly thyrotoxic patients and in normal persons and

that in practice they are helpful in distinguishing between
toxic and non-toxic patients in cases presenting diagnostic
difficulty. The index also provides a numerical estimate

of the degree of severity of the disease which can be correlated
with other indices of thyroid function,

The Development of the Clinical Diagnostic Index in Thyrotoxicosis

Study of définitely non-toxic and toxic subjects

Material. The group studied consisted of 182 cases
of which 99 were unguestionably non-toxic and 83 unquestionably
thyrotoxic. The non~toxic section of this group included
not only normal subjects, mainly medical and nursing staff,
but also patients with simple goitres, anxiety states and
post-menopausal symptoms., This group is termed "definite"
in the tables and discussion.

Method of clinical examination. In each subject the

presence or abgence 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 patients and normal subjects
(Wayne, 1954). A written questionnaire was not used to elicit
symptoms and the method of history taking is described in
Appendix I "Clinical Disgnostic Index -- Recommendations for Use".

In order to reduce the effects of observer variation the procedure
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for the physical examination was rigid and the criteria to be
fulfilled are described under the same heading.

The Clinicel 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, The positive or negative
values of these scores were initially allocated on the basis
of the relative diagnostic significance of each symptom and
sign as found by Wayne (1954), or in a few instances by
Williams (1950). These scores were then modified so as to
diminish the effects of observer variation. This was done by
reducing in value the highest scores because, although attached
to features of great diagnostic importance, differences between
observers were found to give rise to considerable variation
in the total score. The clinical diagnostic indices i.e. the
total scores, were then calculated, These 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 final weighting factors arrived at are
shown in Table I, The indices were then recalculated.

When the' elinical diagnostic indices of the 99 non-toxic
and 8% toxic subjects of the definite group were analysed (Table II,

and Appendix II), the range of values was found to be from -16 to



FIGURE 1
The clinical diagnostic index applied to cases in

the definite groupe
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¥10 for the former and from {21 to }42 for the latter. Figure
1 illustrates the distribution of these unequivocally non-
toxic and toxic subjects and the division between them, Thus,
an index of +10 or under indicated non-toxicity and indices
of +20 or over indicated toxicity.

Statistical analysis of the results allowed the probabilities
corresponding to the observed percentages, given in Table II,
to be calculated.

Ciihidal diagnostic index Definite non-toxic Definite toxic

+10 and less 09738 00002
+20 and over 0.0005 0.989%
It will be seen that for values of the index below 411

and above +19 there is good agreement between the observed
percentages of Table II and the above probabilities multiplied
by 100. The agreement is due to the fact that "normal®™
distributions can be satisfactorily fitted to the definite
non~-toxic and toxic groups.

Study of subjects presenting clinical diagnostic difficulty

Material énd mefhodé. 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 radiocactive iodine studies
and the final diagnosis was made only after prolonged observation
including the response to treatment. I am, however, confident

of the final conclusions. At their first visit the presence



FIGURE 2
The clinical diagnostic index applied to cases in

the doubtful group.

FIGURE 3
Distribution curves of clinical diagnostic indices

in cases of the &oubtful groupe
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FIGURE 3,
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or absence of the symptoms and signs listed in Table i were
recorded using the criteria described in Appendix I, Clinical
indices were calculated only when the final diagnosis was decided
after full investigation and the results of therapy were known.

Thé'clinical diagnostic index. Since the weighting

factors allocated to the clinical features in the definite
group had produced indices giving a wide separation between
toxic and non-toxic cases, the same weightings were adopted
in the analysis of the doubtful group.
The indices of the 118 subjects of this group are shown
in Appendix III and their distribution in Table iI and Figure
2. Thirteen cases had indices lying between + 11 and + 19,
I have called this the equivocal range. One non-toxic subject
had an index lying within the toxic range. A good division
persisted, however, between cases finally shown to be ﬁonn
toxic and those shown to be toxic, 88 per cent of each lying
within the non-toxic and the toxic ranges respectively. The
distribution curves for this group are shown in Figure 3.
Statistical analysis of the results allowed the probabilities
corresponding to the observed percentages, given in Table II, to
be calculated,

Clinical disgnostic index Doubtful non-toxic Doubtful toxic

+10 and less 0.8315 0.0035
420 and over 0.0107 0.8051

For values of the index below + 11 there was reasonably
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good agreement in the non-toxic group between the above
probability multiplied by 100 and the observed percentage of
Table IT. As in the case of the definite group this was due

to the fact that a "normal" distribution could be fitted to the
doubtful non-toxic subjects. In the case of the doubtful

toxic group, however, a "normal" distribution did not provide
a good fit to the observed distribution and this may be partly
or wholly due to the relatively small mumber (51) of patients
in this group.

Observer variation studies,

Nine patients, not included in the present series, whose
thyroid function was difficult to assess clinically were
chosen for this study. Nine observers carried out an independent
assessment of these patients using the scoring sheet shown
in Table I. This group consisted of the author, three consultant
physicians, two research fellows, one senior house officer,
one housé physician and one final year medical student. The
medical student was given special training in the criteria
and careful instructions on the use of the scoring sheet. The
observers were thus chosen to include & wide variation of
experience both in general medicine and in thyroid disorders,
The results of these observer variationstudies are shown in
Table III. Analysis of variance of the indices in 63 observations
carried out by observers 1 to 7 showed no significant difference

(f = 1.62). Observers 8 (one research fellow) and 9 (the senior
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TABLE IIT

Results of Observef Variation Studies U31ng the Cllnlcal

Diagnostic Index.

Case
Observer
1

O O =3 N N

Case
Observer

3
10

A B ¢ D E F G H I

+24 - 3 414 +13 0 +10 +39 +35 +31
429 4 2 415 418 <1+ T +37 425 +21
+31 + 1 +5 +19 =4 + 1 +39 +34 422
+20 + 1 + 4 +12 =8 + 3 439 +26 425
+21 - T + 7 +14 -6 410 +33 +26 +30
+30 - 2 +17 +16 =2 0 +33 +32 +24
+29 - 3 415 + 6 =5 =~ 3 +36 +24 +26
+25 - 7T +11 0 =2 =1 +25 +25 429
422 =11 411 = 1 =5 = 5 430 +26 +23

J K L M N O P @Q R

-4 422 % 2 +31 +25 +17 +22 +32 %17
-1 +16 -5 434 +22 +12 +22 +34 +13

Mean
values
18,7

17.0
1644
13.6
14.2
16.4
13.9
11.7
10.0

Mean
values
18,2

16 .3
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house officer) both of whom were newcomers to the unit
scored systematically lower,

A further nine patient s were similarly assessed by
myself and a newcomer to the department with a wide experience
of thyroid disease gained at another centre., This physician
was given only typewritten instructions on the use of the
scoring sheet. The results are shown at the foot of Table III.
There was no significant difference in analysis of variance

of these scores (f = 2,06),




SECTION 3

Comparison of the Clinical Diagnostic Index with

Laboratory Tests.

26.
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Radioactive Todine Studies. Full studies were carried

out in 91 of the cases presenting no clinical diagnostic
difficulty (definite group) and in 110 of the subjects in
which initial diagnostic difficulty had been found (doubtful
group). These studies consisted of the estimation of the
gland uptake of radioactive jodine and the protein-bound
plasma radioactivity four and forty-eight hours respectively
after the administration of 25/uc. of 1511. The techniques
used have been previously described by Ansell, Macgregor,
Miller and Wayne (1953). The method of estimating protein-
bound 1311 has, however, been simplified by the use of an
ion exchange resin.

The results of measurements of the A~hour uptake of
radioactive iodine by the thyroid in 202 subjects are shown
in Table IV and Appendices II and III., The upper limit of
the normal range of the 4-hour uptake is taken as 45 per cent
of the dose., In 87% of the non-toxic subjects included in
the definite group in which the diagnosis was never in doubt,
the uptake was within the normal limits, It was greater
than this value in 98% of the toxic subjects of this group.
In the doubtful group the diagnostic accuracy of the uptake
was of the same order as that of the clinical index for the
same group, Thus, 89% of non-toxic subjects (88% by the
index) and 94% of toxic subjects (88% by the index) were

correctly diagnosed by this test,
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BEstimgtions of the protéin~bound radioactivity of the
plasma at 48 hours were made in 201 subjects (Table v and
‘Appendices iI and.iII). In non-toxic cases 95% of the definite
group and 94% of the doubtful group had values less than
0e4% of the dose per litre of plasma, which is considered
to be the lower limit of the range indicating hyperthyroidism,
In toxic subjects the protein-bound 1311 was above this
level in 98% of the definite group and 89% of the group
which had given diagnostic difficulty. Statistical analysis
showed no significant difference between the proportion of
correct diagnoses achieved by the index and radioactive
iodine studies,

ﬁééal'metéﬁbiié‘iéte. This was estimated in 108

subjects of the definite group and 80 subjecﬁs of the doubtful
group. All basal metabolic rate estimations were carried
out by one experienced technician using a Benedict-Roth
apparatus. Patients were admitted to hospital and given
200 mg. of butobarbitone twelve hours before each test,
The tests were carried out in duplicate on two successive
days and the lowest of four estimations accepted, using
the standardsof Robertson and Reid (1952). Further details
of the method are given by Crooks, Murray and Wayne (1958).
The results of the 188 bzzal metabolic rate estimations
are shown in Table VI and Appendices IT and III. In 98%

of the non-toxic subjects of the definite group, the basal
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metabolic rates were within the normal range of the Robertson
and‘Reid standards. The basal metabolic rate was raised

in 97% of toxic subjects of this group. Basal metabolic
rates within the normal range were found in 87% of the

cases presenting diagnostic difficulty and finally shown

to be non-toxic, while only 73% of the toxic subjects of

this group had elevated values, Statistical analysis showed
no difference between the proportion of correct diagnoses
achieved by the index and estimations of the basal metabolic
rate,

Sleeping pulse rate. Sleeping pulse rates were

obtained in 110 subjects of the definite group and 80
subjects of the doubtful group. Since no satisfactory
ranges of abnormality and normality had been previously
established sleeping pulse rates were also obtained in a
further 56 patients (27 toxic, 29 non-toxic) in all of
whom the diagnoses were unequivocal, These additional
subjects have been added to the definite group in the
analysis of results (Table VII). Sleeping pulse rates
were obtained as follows,-

Nurses were instructed to count the radial pulse for
one minute after they were satisfied that the patient was
asleep. The sleeping pulse rates of patients admitted to
hospital for full investigation of their thyroid function

were taken as the means of the three lowest figures recorded,
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During their stay in the ward they had received, on at least

two occasions, 200 mg. of butabarbitone 12 hours preceding basal
metabolic rate estimations. In the case of patients admitted
solely for the purpose of obtaining basal metabolic rate
estimations on two successive mornings, the lower of two
sleeping pulse rates was accepted.
The values obtained for the sleeping pulse rate in the

246 subjects are shown in Table VII while the individual
values for the patients of the definite and doubtful groups
can be found in Appendices II and III. In the 108 non-
toxic cases it was found that 97% of both the definite and
doubtful groups had sleéping pulse rates of 80 or less.

Of the 138 toxic cases, however, only 64% of the definite
group and 29% of the doubtful group had sleeping pulse rates
higher than 80. If the upper limit of the nomal sleeping
pulse rate is taken as 80 then the proportion of correct
diagnoses given by this method in the doubtful group is
significantly lower than that achieved by the clinical
diagnostic index.

Serum cholesterol. The serum cholesterol was

estimated by the method of Bloor (1916) in 119 subjects

of the definite group and in 80 subjects of the doubtful
group. Estimations were also carried out in an additional

53 cases (25 non-toxic, 28 toxic) with a diagnosis which

was unequivocal., These cases were added to the definite group
in the results (Table VIII) to provide more satisfactory

ranges of abnormality and normality,
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The results of the serum cholesterol estimations
in the 252 subjects are shown in Table VIII and the
individual levels for the patients of the definite and
doubtful groups are shown in Appendices II and III,

Of 104 non-toxic cases 94% of the definite group and
100% of the doubtful group had serum cholesterol values
above 149 mgq%. On the other hand, of 148 toxic cases
only 29% of the definite group and %2% of the doubtful
group had values less than 150 mg.%. When the normal
range for the serum cholesterol is taken as 150 to

250 mgo% then the diagnostic value of the procedure is
significantly poorer than the clinical diagnostic

index in discriminating between toxic and non-toxie

subjectse

36.



37

SECTION 4

Application of the C’linical Diagnostie Index.
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TABLE IX

Results of the Clinical Diagnostic Index in Different Hospitals

Agreement with

Hospital Number of Cases Final Diagnosis
A 50 86%
B T4 84%
c 24 88%
D 23 - 83%

Total LY 85%
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An aid to diagnosis in routine clinical practice

In order to obtain information on the diagnostic
accuracy of the method in the hands of independent
observers, score sheets, with written instructions for
their use, were sent to three other hospitals (Table IX,
Hospitals B, C, and D) in Scotland, At their routine
clinics a total of 121 patients referred for assessment
of thyroid function were selected at random and s oore
sheets completed., The final diagnosis, usually based
on a conventional clinical assessment, radioactive
iodine studies and basal metabolic rate estimations was
confirmed by therapeutic trial or observation, It can
be seen from Table IX that the diagnostic accuracy
obtained in this group of subjects was of the same
order as that found in the doubtful group of the
original series,

The practical application of the index was also
asgsessed in a further series of 50 patients referred
to the clinic by other physicians because diagnostic
difficulty had been found, In the case of these
subjects indices were obtained before any further
clinical assessment was made or laboratory investigations
carried out, The final diagnosis was reached after
full investigations and follow up including therapeutic
trials in some cases., The index gave the correct

diagnosis in 43 (86%) of the 50 cases (Table IX, Hospital A),
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0f the remaining 7 cases, all of whose indices lay within

the equivocal range, 3 were finally shown to be toxic
and 4 non~toxic.

The total number of correct diagnoses, 149 of 171
subjects (85%),in this additional investigation is
comparable with the results obtained by the application
of the method to the doubtful group of the original
series., It is most important to note that of the 22
cases which were not correctly placed in toxic or none
toxic categories, the diagnosis was completely misleading
in only 5 subjects (3%), since 17 fell withih the equivocal
range, thus indicating a suspension of judgement until
further tests had been carried out,

The use of the index in selected cases to illustrate

the technique of @linical diagnosis

A conventional clinical diagnosis involves the
unconscious application of the principles underlying
discriminant analysis (Rao, 19483 Zieve and Hill, 1955&)
and examples of the use of the clinical diagnostic index
from both the definite and doubtful groups of the
original series are described below in order to
illustrate some of the sources of diagnostic difficulty.

The toxic members of the definite group are of

lesser interest and the correct diagnosis would have been
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made with eag8e by conventional clinical methods. It is,
however, worth while looking more closely at three

groups of non-toxic subjects in each of which an inexperienced
observer might have been confused by the presence of

several symptoms usually associated with the thyrotoxic

state, {

Post-menopausal subjects. It has been suggested by

Wayne (1954) that post-menopausal women show meny of

the symptoms of thyrotoxicosis, for example, dyspnoea,
tiredness, excessive sweating, and that because of this
such cases may cause diagnostic difficulty, He
cohsidered, however, that an experienced physician would
be unlikely to miminterpret this clinical picture because
of his skill in history-takings When the index wags
applied to such patients they gained, as was expected,
high symptom scores but these were nullified by their
negative sign scores because of the absence of physical
signs of high diagnostic significance, This is well

shown in the following post-menopausal subject:

Case No. 49.

Female, aged 51 years (last menstrual period 16 months

previouslz)o

Symptoms
Dyspnoea on effort (+ 1) Preference for cold (+ 5)

Palpitations (+ 2) Increased weight (- 3)
Tiredness (+ 2)

Symptom score = + 7T
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Signs

Goitre absent (- 3) Hands cool (- 2)
Bruit absent (- 2) Hands dry (- 1)

Hyperkinesis absent (- 2) Casual pulse rate (0)
84 per minute

Sign score = =10

Diagnostic index: - 3,

Radioactive iodine studies: A4-hour uptake 50%, 48-hour

protein-bound radioactive iodine 0.12% per litre,

Basal metabolic rate: + 14%.

Sleeping pulse rate: 60 per minute,

Serum cholesterols 222 mg.%.

Final diagnosis: Non-toxic, confirmed by observation.

it can be seen that in spite of the negative score for
weight increase the patient still scoredv+ T on symptoms,
The negative values allocated to absent physicsl signs,
however, more than compensated for this,

ﬁdrﬁélrjoung adult fémales with some features of

thyrotoxicosise. These subjects were found among a

group of nurses, fully employed, who made no spontameous
complaints., An example of this type of subject is shown
belows

' bééé ﬁo. 85.

Female, aged 19 years.

Symptoms
Dyspnoea on effort (+ 1) Increased appetite (+ 3)
Tiredness (+ 2) Increased weight (- 3)

Excessive sweating (+ 3)
Symptom score = + 6



Goitre absent (- 3) Fine finger tremor (+ 1)
Bruit absent (- 2) Hands hot (+ 2)
Exophthalmos (+ 2) Hands moist (+ 1)

Hyperkinesis absent (=~ 2) Casual pulse rate (

86 per minute 0)

Sign score = - 1

Diagnostic index: + 5.

The relatively high symptom score in this subject is

not supplemented by a raised sign score‘ahd although she
had several of the signs found in thyrotoxicosis, these
were the least heavily weighted., She did express, for
example, a preference for cold weathgr and admitted to
nervousness, but these symptoms had been present for

as long as she could remember and for this reason lost
their diagnostic importance.

Anxiety states. This group of cases may cause diagnostic

difficulty to the inexperienced clinician and accounts

for a large proportion of the patients referred for
radioactive iodine studies in whom the tests prove
negative, This is especially the case if a goitre is
also present., The absence of diagnostically important
physical signs, however, compensates for the high

symptom scores as in the following example:
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Cése No. 94.

Féﬁdié; égéﬁ;33 jéaré.

Szggtbms

Dyspnoea on effort (+ 1) Preference for cold (+ 5)
Palpitations (+ 2) Excessive sweating (+ 3)
Piredness (+ 2) Nervousness (+ 2)

Symptom score = + 15

Signs

Goitre absent (- 3) Fine finger tremor (+v1)
Bruit absent ( -2) Hands cool (- 2)
Hyperkinesis absent (- 2) Hands moist (+ 1)

Casual pulse rate ( O)
88 per minute

Sign score = =7

Diagnostic index: + 8

Radioactive iodine studies: A-hour uptake 36%, 48-hour

protein-bound radioactive iodine 0.,0% per litre.

Basal metabolic rate: + 13%.

Sleepihg?pulse rate: 64 per minute,

Serum cholesterol: 112 mg.%.

Final disgnosis: Non-toxic, confirmed by obsérvationu

Subjects presenting initial diagnostic difficulty

(the doubtful group), are of greater interest since they

include the type of case which affords difficulty even
to the experienced clinickn. In order to find out why
this difficulty arose an analysis was made of this group

and the cases appeared to fall into the following

categoriess
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Toxic subjects with many symptoms, but few signs. it

is probable that these cases presented diagnostic
difficulty chiefly because the positive signs appeared
to be too few to allow a definite diagnosis to be made,
The following patient compleined of nearly all the more
important symptoms of thyrotoxicosis, but few signs
were present, The index, however, gave the correct
diagnosis,

Case No. 258,

Femélé;‘agedlsﬁ jears.

ngptﬁﬁs:

Dyspnoea on effort (+ 1) Excessive sweating  (+ 3)
Palpitations (+ 2) Nervousness (+ 2)
Tiredness (+72) Weight decrease (+ 3)

Preference for cold (+ 5)

Symptom score = + 18

Signs:
Goitre (+ 3) Fine finger tremor (+ 1)
Bruit absent (- 2) Hands hot (+ 2)
Lid retraction (+ 2) Hands moist (+ 1)
Hyperkinesis absent (- 2) Casual pulse rate (- 3)

70 per minute
Sign score = + 2

Diéénostic index: + 20,

Radioactive iodine studies: A4-hour uptake 69%, 48~hour

protein-bound radioactive iodine 0.3% per litre.

Basal metabolic rate: + 14%.
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Sleeping pulse rate: 64 per minute,

Serum cholesterol: 167 mgo%e

Final disggnosis: Toxic, confirmed by response to

methyl thiouracil therapy.

Toxic subjects With féﬁ of éfjﬁiﬁél é&ﬁptdmé and many

g}ggg. Most physicians tend to regard positive physical
signs as more reliable than positive symptoms and this
group rarely gives rise to diagnostic difficulty unless
the patient has symptoms which are regarded as highly
unusual in a toxic patient. The following case, for
example, is an exception to the rule that thyrotoxic
patients are heat inteolerant, The numerous positive
signs more than compensated for this atypical feature
and the index gave the correct diagnosis,

base No. 267,

ﬁéié;“égéa 677years

Symptoms

Preference for heat (= 5) Weight loss (; 3)
Nervousness (+ 2)

Symptom score = 0

Goitre (+’3) Hyperkinesis ({ 4)
Bruit present (+ 2) Fine finger tremor (+ 1)
Exophthalmos (+ 2) Hands hot (+ 2)
Lid retraction (+ 2) Hends moist (+ 1)
ILid lag (+ 1) Casual pulse rate (+ 3)

100 per minute

Sign score = + 21



Diagnostic index: + 21,

Radioactive iodine studies: 4-hour uptake 83%, 48-hour

protein~bound radioactive iodine 4.25% per litre.

Basal metabolic rate: + 76%.

Sleeping pulse raté: 70 per minute.

Serum cholesterol: 105 mg.%.

Final diagnosiss Toxic, confirmed by response to

methyl thiouracil therapy.

Toxic subjects with highly significant features missinge.

In these case, despite a fairly complete clinical
picture, there had been a reluctance to arrive at a
definite clinical diagnosis because of the absence of
one or more features classically found in thyrotoxicosis.
In the following case there was no goitre.

Case No. 282.

Méle, aged 63 years.
nggtoﬁé |
Dyspnoea on effort (+ 1) Excessive sweating (+ 3)
Palpitations (% 2) Weight decrease (+ 3)
Preference for cold (+ 5)

, | Symptom score = + 14

Goitre absent (- 3) Hyperkinesis (+ 4)
Bruit absent (- 2) Fine finger tremor (+ 1)
Exophthalmos (+ 2) Hands hot (+ 2)
Lid retraction (+ 2) Hands dry (- 1)
Lid lag (+ 1) Auricular fibrilla- (+ 4)

tion.
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Sign score = ; 10

Diagnostic ihdéks + 24.

Radioactive iodine studies: 4-hour uptake 68%, 48-hour

protein-bound radioactive iodine 1.1% per litre.

Basalvmeféboiic raté: + lk%.

Serum cholesferoiﬁ 200 mg.%.

Final diagnosiss Toxic, confirmed by response to methyl

thiouracil therapy.

It should be noted that this patient was a male and it
is recognised that hyperthyroidism without a goitre may
not infrequently occur in this sex. Indeed it is
probab1§ that the diagnostic accuracy of the index
would be improved by omitting the negative score where
a gland was not palpable in a male subjects this was
not done since it would increase the complexity of the

scoring system, The incidence of the disease in males

is in any case low and they represent 18% of this series
and 21% of a larger series reviewed by Skanse (1949).

Thyfocardiac subjects (Pmasked“ hyperthyroidism)e ThyTro=

toxicosis in patients with auricular fibrillation with
or without cardiac failure who do not show the classical
features of thyrotoxiccsis are notoriously liable to
have the true nature of their disease overlooked. Thus,
Bortin, Silver, and Yohalem (1951) investigated 55 cases
of auricular fibiillation in which the aetiology was

not obvious and decided on the results of radioactive
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iodine studies that 8 were examples of‘“maskedﬂ
hyperthyroidism, 1In the present series of cases

all of 13 patients with thyrotoxic auricular fibrillation
were correctly placed by the index although one patient,
seen subsequently, fell within the quivocal range. The
index should be used with caution in patients with
congestive cardiac failure since they usually score
points (+ 6 or + 7) for dyspnoea, palpitations and
either tachycardia or auricular fibrillation even if
they aré not thyrotoxic. Radiocactive iodine studies

or estimations of protein-bound iodine are of great
diagnostic help in such cases,

Subjects . with several atypical features and with

indices in the equivocal range. The findings in 13

cases with disgnostic indices lying within the equivocal
range and one non-~toxic subject with an index in the
toxic range are worth special consideration. Some details
are given in Table X, Within this group the non-~toxic
cases would appear to lie at the lower limits and the
toxic cases at the upper limits of the equivocal range,
From the distribution curves of the non-toxic and toxic
subjects of the doubtful group, however, it can be
calculated that if a case has a score which falls
within the equivocal range then the possibilities of
toxicity or non-toxicity are equal (Figure 5). The

reason why a toxic case may fall within this equivocal range
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is almost always due to the absence of features of high
diagnostic significance, as is illustrated by the
following{

Cése No. 252,

Feﬁéle, aged 51 years;

Symptoms
Dyspnoea on effort (+ 1) Nervousness (+ 2)
Palpitations (+ 2) Weight increase (- 3)

Preference for cold (; 5)

Symptom score = + 7

Goitre (+ 3) Hands hot (+2)
Bruit absent (- 2) Hands dry (- 3)
Hyperkinesis (+ 4) Casual pulse rate (+3)

tont
Fine finger tremor (+ 1) 105 per minute

Sign score = + 10

ybiﬁgnostic indexé + 17,

Radioactive iodine studiess 4-hour upteke 50%, 48-hour

‘protein-bound radicactive iodine 0.4¢% per litre,

Basal metebolic rate: + 29%,

Sleeping pulse rate: 76 per minute.

Serum cholesterol: 149 mg.%.

Final diagnosis: Toxic, confirmed by response to

methyl thiouracil therapy. Conventional diagnostic

methods would possibly have placed this patient correctly.
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Non-toxic subjects falling within the equivocal
range were usually patients with severe anxiety states.
They had high symptom scores associated with one or
two heavily weighted signs as for example the presence
of goitre or tachycardia, Negative scores arising
from the physical examination did not compensate
for positive symptoms scores as is illustrated in the
following cases

Case No. 245.

Feﬁéie, aged 49 yeais.

Symptoms

Dyspnoea on effort (+ 1) Excessive sweating (+ 3)
Tiredness ‘ (+ 2) Nervousness (+ 2)
Preference for cold (+ 5) Appetite decrease (- 3)

Symptom score = ; 10

Signs

Goitre- (+v3) Fine finger tremor (+ 1)
Bruit absent (Q 2) Hands hot (+.2)
Lid lag (+ 1) Hands dry (- 1)

Hyperkinesis absent (-~ 2) Casual pulse rate (

90 per minute 0)

Sign score = +2

Diagnostic indexs +12.

Radioactive iodine studies: A-hour upteke 45%, 48-hour

protein-bound radicactive iodine 0,09% per litre.

Basal metabolic rate: + 9%.

Sleeping pulse rate:‘ 64 per mirute,
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Serum cholesterols 270 mg.%.

Final diagnosis: Non-toxic, confirmed by failure to

respond to methyl thiouracil therapy.

Only two cases of this group, Nos. 243 and 253, weré not
correctly diagnosed by radicactive iodine tests. The
basal metabolic rate estimations were diagnostically
correct in all but one of this group (No. 251).

Non-~toxic subjects following thyroidebtomy, with indices

in the toxic range, This group includes cases which

are apt to be wrongly assessed both by the index and by
conventional clinical methods, These patients who at
some time in the past have suffered from thyrotoxicosis
are well aware of the symptoms of the disorder. If,

in addition, they have tachycardia, goitre or eye signs
they tend to score heavily, Uhfortunately, radioactive
iodine studies often give misleading results in this
group and the most reliable objective evidence is
afforded by estimations of the basal metebolic rate or
of protein-bound icdine, A therapeutic trial using

an antithyroid drug is often the most effective way

of arriving at a correct conclusion. The following

case is an examples
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base 'Nok. 249,

f‘éméie , aged 34 &'é-a‘i;.s..

Symptoms

Dyspnoea on effort (% 1) Preference for cold (+ 5)
Palpitations (+ 2) Appetite increased (+ 3)
Tiredness (+ 2) Weight decrease (+ 3)

Symptom score = + 16.

Signs

- Goitre - (+3) Fine finger tremor (+ 1)

Bruit present (+ 2) Hands hot (+ 2)

Exophthalmos (+ 2) Hands dry (- 1)

Lid lag (+ 1) Casual pulse rate (- 3)
76 per minute -3

Hyperkinesis (+ 4)

Sign score = + 11

Diagnostic indexs: + 27.

Radioactive iodine studiess 4-hour upteke 42%, 48~hour

protein~bound radioactive iodine 0,17% per litre,

Basal metabolic rate: + 6%.

Sleéping pulse réte: T2 per minute.

Serum cholesterol: 195 mg.%.

Final diagncsis:- Non~toxic, confirmed by failure to

respond to methyl thiouracil therapy.
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SECTION 5
The blinical Disgnostic Index as & Measure of

Severity.
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In toxic patients the index gives a quantitative
measure of the severity of the disease as judged by
the presence of symptoms and signs. It is of interest,
therefore, to see the extent te which it correlates
with laboratcry findings.

When the values for basal metabolic rate estimations
were plotted against the indices of 188 cases a signficent
correlation (r = 0.33%) was present in toxic subjects (Figure
4).

The values for the 4-hour uptake of radiocactive
iodine were plotted against the indices of 202 cases (Figure
53, and a significant correlation was found between them
in the toxic subjects (r = C.36).

A similar degree of correlation (r = 0.36) was
found in toxic subjects bétween the index and the
values for 48-hour proteine~bound plasme radioactivity (Figure
6).

When the sleeping pulse rates (Figure 7) and serum
cholesterol levels (Figure 8) were plotted aginst the
diagnostic indices no significant correlation was found

between them in either the toxic or non~-toxic subjects,




5Te

FIGURE 4
The clinical diagnostic'index used as a measure of
severity and correlated with basal metabolic rate. The

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

FIGURE 5

The clinical diagnostic index used as a measure of severity

and correlated with the 4-hour gland uptake of radioactive

iodine. The regression line of index on 4-hour gland

uptake of radioactive iodine in toxic cases is shown.
FIGURE 6

The clinical diagnostic index used as a measure of

severity and correlated with the 48-~hour plasms protein-

bound radioactivity. The regression line of index qn 48-

hour plasma protéin-bound radioactivity is Shown.

FIGURE T

The clinical diagnostic index used as a measure of severity

and correlated with the sleeping pulse rate. The horizontal
line indicates the upper limit of the normal iange.

The clinical diagnostic index used as a measure of severity
and correlated with the serum cholesterol. The horizontal

lines indicate the diagnostic limits chosen.
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The process of making a clinical diagnosis is
complicated, It involves the sifting and evaluating
of multiple symptoms and signs and results in the
selection of the clinical syndrome which accounts best
for the findings., The clinician attaches greater
or less significance to the clinical features according
to his past experience. He combines the findings
into a formula, often subconsciously by applying the
concepts of multiple correlation in a non-quantitative
manner and in this way arrives at a diagnosis (Zieve
and Hill, 1955a), The clinical diagnostic index applies
this principle at a conscious level. Previously this
concept has been used mainly in the evaluation of
laboratory investigations., For example, Zieve and Hill
(1955b) after studying 11 liver function tests found that
four could be combined to produce a "cirrhosis abnormality
score" which discriminated well between normal and
cirrhotic subjects. Oyama and Tatsuokae (1956) used
a similar technique to assess the prognosis of patients
with pulmonary tuberculosis, Using thirteen
characteristics they constructed an equation from which
a score could be calculéted for each patient, This
score discriminated with 75% accuracy between those who
eventually relapsed and those who remained well, In
the field of thyroid disease, Schultz and Zieve (1956)

have sttempted with some success to predict a remission
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of thyrotoxicosis following a single dose of

radioactive iodine, from a score obtainedby allocating
weighted values at intervals after therapy to the clinical
state, the thyroid uptake of 1311, the basal metabolic
rate and the serum cholesterol,

In order to apply the technique to clinicel
diagnosis it is first necessary to carry out a symptom
analysis in patients suffering from a particular disease
and also in control subjects. The diagnostic significance
of each feature can then be determined. A symptom.-
analysis of thyrotoxicosis carried out by Wayne (1954)
provided this necessary information and was used in
the provisional allocation of values indicating the
diagnostic importance of the various symptoms and
signs. In this analysis it was apparent that the
features most helpful in resching a diagnosis were
increased appetite, weight loss, preference for cold
ﬁeather, hot sweating hands, persistent tachycardia
end hyperkinesis, It can be seen from Table I that
these are the features which have been given the highest
positive scores. Additional features such as a bruit
over the gland and excessive sweating have also been
weighted heavily since Williams (1950) has shown them
also to be of high diagnostic significance, When
clinical diagnosis is taught or practised, emphasis

tends to be placed on the presence of certain symptoms




and signs, but in many instances the absence of these
features may be of equal importance. For example, the
absence of peripheral vasodilatation favours the
diagnosis of non-toxicity to the same extent that its
presence favours toxicity. In order, therefore, to
make the greatest possible use of the clinical evidence
equivalent negative values were allocated to some of
the features which carried the highest positive scores,
This is illustrated by the weightings given to a palpable
gland and a bruit over the gland. Thus a goitre (+ 3)
with a bruit (+ 2) scores + 5 , while a goitre (+ 3)
without a bruit (- 2) scores + 1, The values placed
on the presence or absence of hyperkinesis, + 4 and - 2
respectively (originally + 5 and ~ 5) are examples of
the modifications of the initial scores carried out to
minimise the effect of observer variation since it was
soon appreciated that hyperkinesis, although of
considerable diagnostic significance may be difficult
to recognise by those to whom the criteria have not
been demonstrated, The justification, however, for the
retention of its heavy weighting is the frequent
presence of the sign in those atypical cases which show
few other positive features. The decrease in the
weighting of other highly significant diagnostic
‘features was designed to make it impossible for a single

observation of any one feature, however diagnostically
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important to alter a patientis total score so markedly
as to move it from the toxic to the non-toxic rangey, or
vice versa,

The value of diagnostic procedures, clinical,
chemical and physical, depends to a large extent on
their reproducibility and the greater the human element
in a method the higher is the probability of variation
when the observations are repeated.

History-taking is prone to error as Cochrane,
Chapman and Oldham (1951) have shown, and it is
difficult to diminish the effects of observer variation
since they arise in the mind of the patient as well
as in the interpretation the physician places on the
patient's statements, The use of a written
gquestionnaire was avoided since Glaser and Whittow
(1954) have shown its unreliability. Ninety per cent
of their normal subjects questioned by this procedure
recorded at least one symptom initially, but when the
questionnaire was repeated there was a significantly
smaller number of positive responses. Wayne (1954)
also noted a high incidence of positive responses
in a normsl control group in reply to set questions,
but suggested that appropriate supplementary questionms
would reduce this effect. In the present series the
history was taken by conventional methods, leading

questions were avoidedy and appropriate supplementary
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questions were asked about each symptom.
Inconsistencies in the recording of physical
signs have been demonstrated by Fletcher (1952) in a
study in which eight observers, all members or fellows
of a College of Physicians, independently élicited
the physical signs found in the chest of each of twenty
patients suffering from emphysema, With most signs
only two-thirds agreement was obtained. He suggested,
however, that agreement might be improved by laying
down more rigid criteria for the presence or absence
of physical signs. The improvement. in agreement between
observers when the criteria for physical signs can be
clearly defined has been demonstrated by Schilling,
Hughes and Dingwall-Fordyce (1955), who compared the
accuracy of two observers in making he diagnosis of
byssinosis, It was for this reason that rigid definitions
of physical signs were laid down in the present series.
The results of the observer variation‘studies
(Table III) show that in the case of observers 1 to 7
these precautions were successful, It is of interest
that observer 7, the senior medical student, who had
"had careful and detailed instruction on history-taking
and the criteria for physical signs, showed no statistically
gignificant difference in mean total score from the
more experienced observers, Observers 8 and 9, however,

who had no special experience of thyroid disease and,
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having only recently joined the unit,had received
no special instruction, scored systematically lower.
It might be objected that the cloée agreement between
the total scores of observers 1 to 7 reflects their
common experience and training. It was to test this
objection that observer 10,whose special experience
of thyroid disease had been gained in another department,
was asked to obtain the total scores in nine patients
within one week of his arrival in this department. In
his case there was no significant difference between
his mean total score and that obtained by me. In the
recording of individual symptoms and signs there was
usually some diszgreement between observers which in
eight out of ten was insufficient to alter significantly
their mean total scores., These observer variation
studies suggest that no statistically significant
difference will be obtained by observers using the
diagnostic index provided they have some experience
of thyroid disease. It is also clear that with the
raﬁges of normality and abnormelity used in this study
inexperienced observers tend to score low and may fail
to reach a definite diagnosis in a number of mildly
toxic cases, Most of these, however, will fall into
the equivocal range, thus indicating the need for
further investigation.

It is customary in assessing the accuracy of tests
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of thyroid function to correlate them with the

final diagnosis arrived gt after prolonged
observation. No attempt has been made to correlate
the initial clinical diagnosis based on signs and
symptoms alone with either the results of laboratory
investigations or with the final diagnosis. It is

~ generally accepted that tests involving the use of
radioactive iodine are eépecially reliable although
different observers favour different techniques, In
the present study the uptake of the thyroid gland

wag measured four hours after a dose of radioactive
iodine had been administered and the protein-bound
plasma radioactivity forty-eight hours after the doseo
These tests had a diagnostic accuracy in the present
series of the same order as that described by Wayme (1954)
and Macgregor and Wayne (1957). These radioactive
iodine tests were carried out on nearly all the members
of the doubtful group and it was possible therefore

to correlate the results with both the initial diagnosis
given by the clinical index and with the final
diagnosis. Comparison of the radioactive iodine
tests and the clinical index is rendered a little
difficult because the former assign patients to either
toxic or non-toxic groups whereas the clinical index
may place some patients in an egquivocal group. There

was, however, no statistically significant difference
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between thé accuracy of the index and either of the
radioactive iodine tests, even when the gguivocal results
given by the index were regarded as entirely incor:ect
(Tables IV and V), Basal metabolic rate estimations
were obfained in eighty patients of the doubtful

group and Table VI shows that about one quarter of the
toxic subjects of this group had basal metabolic rates
within the normal range., Even if all the equivocal
indices are counted as incorrect, the basal metabolic
rate has no statistically significant advantage in
diagnostic accuracy over the index,

The clinical diagnostic index is of greater
diagnostic value than either the sleeping pulse rate
(Table VII) or the serum cholesterol level (Table VIII),
particularly in cases presenting initial diagnostic
difficulty. The study has incidentally shown that
sleeping pulse rates of more than 80 per minute make
the diagnosis of thyrotoxicosis highly probable, and this
agrees with the findings of Addis (1922). This, however,
only occurred in a minority (29%) of the doubtful group
finally shown to be toxic. It would appear that the
serum cholesterol, contrary to the opinion of Hurxthal
and Hunt (1935) has also a very limited place in
diagnosis. Like the sleeping pulse rate its value lies
in the diagnosis of toxiecity which is highly probable
if the level is below 150 mgo%. This finding is similar

to that of Man et al. (1940).
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it should be pointed out that irrespective of the
diagnostic procedures used, the final decisions were
bagsed on the response to therapy and it follows that
for the purpose of the present investigation thyrotoxicosis
is defined as a condition in which antithyroid therapy
produces a remission of symptoms and signs. This
definition has the great advantage that it supplies the
essential information which a physician requires,

The mresults obtained in the present series suggested
that the clinical index should be of practical value
and this opinion was confirmed by the results obtained
by other centres using the method in their routine
clinical practice, It is of special importance to note
(Table IX) that of the 121 patients assessed by the
index at other hospitals only 15 were not correctly
placed in toxic or non-toxic categories and of these
10 were placed in the equivocal group indicating the
need for further investigation, In only five cases
was the diagnosis completely incorrect. One of the
centres also studied the results obtained by medical
students who had not been specially trained in the
use of the scoring sheets and confirmed the finding
of the fallacies produced by inexperience, While
the independent observers were satisfied that the

method provided good discrimination between toxic and
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non-toxic subjects, the opinion was expressed by

one physician that his over-all clinical assessment
would have produced a separation of the same order,
Further observations would have to be made to confirm
or refute this view but the index may well prove to
be of most value to experienced clinicians who see
cases of thyroid disease relatively infrequently.

The difficulty of obtaining a precise expression
of clinical severity in thyrotoxicosis has complicated‘
previous attempts to correlate its degree with objective
measures of thyroid function, Goodwin, Macgregor,
Miller and Wayne (1951), however, classified their cases
on clinical impressions into four grades from mild and
border-line to severe, and found a rough correlation
between the 4-hour and 24~hour uptake of radioactive
iodine and clinical severity. No such correlation
was found in the case of the 48-hour protein-bound
radioactive iodine., Fraser (1953) has stated that
the correlation of the urinary excretion tests with
clinical severity is poor, He suggested, however,
(Fraser, Hobson, Arnott, and Fmery, 1953) that one
reason for tﬁis finding might be that when the
“Tﬁ index is well above the normal range it increasingly
underestimates the thyroid uptake of radiocactive iodine,
The clinical index is a measure of severity in so far

as it indicates the number of target tissue effects,
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The weightings alloted to individual features ensure
moreover that emphasis is placed on those phenomena such
as heat intolerance which are the more reliable indices
of abnormality. It is thus possible to plot this
measure of clinical severity against the results of
radioactive iodine studies. It can be seen from
Figures 5 and 6 that a significant correlation was
found between the degree of severity as reflected
by the indices and the values both for 4-hour uptake
and. 48-~hour protein-bound radioactive iodine. It must
be admitted, however, that if the weighting factors
making up the clinical index had been modified so as
to express the degree of abnormality of individual
clinical features, for example, if different weightings
had been given to different grades of tachycardia and
loss of weight the correlation might have been better,

Both Means (1916) and Fraser (1953) agree that
the basal metabolic rate is the best index of the
severity of the disease, The clinical index correlates
well with the basal metabolic rate (Figure 4). Foote,
Mackenzie and Maclagan (1952) have shown that a
significant correlation exists between the basal
metabolic rate and the thigheneck clearance of 1311 in
thyrotoxicosis, It is, therefore, not surprising to
find thet the coefficients of correlation which exist

between the index and the radiocactive iodine criteria



used are comparable with that between the index and
basal metabolic rates,

| No such correlation, however, exists between

the sleeping pulse rates and the diagnostic indices
in the present series. These results agree with those
of Sturgis and Tompkins (1920) who foundthat the basal
pulse rate could not be taken as an absolute index

of the activity of a given case of Graves's Disease,
although they did find a close parallelism between the
basal pulse rate and basal metabolismin successive
observations on the same individual,

Burxthal (1933 a, b) considered that the serum
cholesterol reflected clinical severity and even
suggested that in some cases its value in this
respect exceeded that of the basal metabolic rate,

.ﬁe also considered that it bore a general reciprocal
relationship to the basal metabolic rate but this
finding was pot confirmed by'Man et al; (1940).

The results of the present series,do not show any
6orrelation between clinical severity based on the
diagnostic indices, and serum cholesterol levels,

éﬁe results in general confirm that the clinical
index can be used as a measure of severity of the
disease, They also raise the possibility of the
existence of a continuous gradgtion of thyroid activity

comparable to that found for blood-pressure levels by

704




fickering (1955). Tt should be made clear, however,
that when allocating numerical values to the features
which contribute to the clinical index weightings
were used which would separate sharply normality
from abnormality and this would tend to obscure
any continuous gradation of thyroid function which
might lie between the obviously normal and abnormal,
This problem is worth further study although it
would involve changing the emphasis placed 6n the
weighting factors. Estimations of non-radioactive
protein-~bound iodine might be the best index
of thyroid function with which to correlate such a
new index,
Coﬁbiusion

A clinical diagnostic index has been devised
which has been found to be of value as a reliable and
simple aid to diagnosis in day to day practice. When
its application produces a score which falls into the
equivocal range this indicates a case which is difficult
to asses® on clinical grounds alone and will require
investigation by special tests. It has proved so
reliable in routine §ractice that it has been possible
to reduce the demands on the laboratory services. The
clinical index enables one to see why certain cases
of suspected thyrotoxicosis give rise to diagnostie

difficulty and the analysis and classification of the

responsible features should be of help to those who
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have found themselves puzzled by a discrepancy between
their clinical impressions and laboratory findings,
The index makes it possible to minimise the effects

of observer variation and also makes it easier to
discover the reasons why differences in diagnosis
‘occur.' Lastly, it should be stressed that this
technique is of more general application and might
with advantage be applied to other diseases. Moreover,
the application of the method to diagnostic problems
throws much light on the technique of diagnosis and

emphasises the value of precise clinical observation

in modern medicine,
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lo Analysis of the frequency of symptoms and signs

in thyrotoxic patients and normal individuals allowed
the allocation of a numerical value to each clinical
feature which varied with its diagnostic significance,
The aggregate score in an individual case was termed

the clinical diagnostic index and was derived in 99
unquestionsbly non-toxic and 83 unquestionably thyrotoxic
squects. The values attached to individual signs and
symptoms were then modified to minimise the effects

of observer variation and to produce the greatest
possible separation between the two groups, so that

all non-toxic subjects had indices of less than + 11

and all toxic subjects greater than + 19.

2. The method was then applied to 118 cases which had
presented initial diagnostic difficulty using the
weighting factors for clinical features established

by the study of the definitely non-toxic and toxic
cases, The clinical diagnostic indices produced good
separation between cases finally shown to be non-toxic
and those shown to be toxic,. Fifty-nine of 67 non-toxic
cases (88%) had scores less than + 11, 7 (10.5%) lay
within the range + 11 to + 19 which is called the
equivocal range, and 1 (1,5%) fell in the toxic range.
Forty-five (88%) of the 51 toxic cases had scores greater

then + 19 and the remaining 6 cases all fell within the
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equivocal range.

3. Studies on observer variation showed no statistically
significant difference between scores obtained independently
by experienced observers,

4. The diegnostic accuracy of the method was not
significantly different from that of radioactive iodine
studies and basal metabolic rate estimations and was
greater than that of sleeping pulse rates and serum
cholesterol values.

5« The method has been aspplied in four different centres
to 171 patients and the diagnostic accuracy (85%) was
comparable with that of the original series of cases.

6. FExamination of individual features making up the
index often explains the mechanism by which a clinical
diagnosis has been reached and makes it clear why, in
cerfain cases, diagnostic difficulty has been found.

7. The scores can be used as indices of severity in
toxic subjects and significant correlationgexisted
‘between them and the 4-hour uptake of radioactive iodine,
the 48-hour plasma protein-bound radiocactivity and the
basal metabolic rate., The indices did not correlate

with either sleeping pulse ratesor serum cholesterol

levels.,




PART IT

: THE MEDICAL TREATMENT OF THYROTOXICOSIS

76.



At the present time the choice of medical treatment
of thyrotoxicosis lies between one of the various
antithyroid drugs and the use of radiocactive iodine.

In this part of the thesis it is proposed to describe
work carried out to evaluate the effectiveness of
various antithyroid drugs in current use and to describe
the results of radioactive iodine therapy in a series

of cases with particular reference to the technique of
dose estimation and the effect of pre-treatment with

antithyroid drugs.

TTe
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SECTION 1
- Antithyroid Drugs -- Introduction
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Antithyroid drugs may be defined as chemical agents
which interfere with the synthesis, release, or peripheral
action of the thyroid hormone. A large number of chemically
unrelated compounds are covered by this definitiom, but
it is intended to deal only with those which have a place
in the practical medical treatment of thyrotoxicosise.

Such drugs can be divided into two categories.
(1) Drugs preventing the iodination of tyrosine.
(2) Drugs inhiviting the iodide trap of the thyroid.

Group (1) Drugs preventing the iodination of tyrosine.

The antithyroid drugs of particular importance in
this group are the thiouracil and imadazole derivatives.

Mechanism of action. While the exact mechanism of action

of these drugs is controversial, there is geheral agreement
that they interfere with the iodination of the thyroid
hormone precursors without affecting the ability of the
gland to concentrate the iodide ion. The three current
hypotheses given to explain this action are.-

(i) They may inhibit the enzyme system which oxidizes
ionic to elemental iodine.

(ii) They may compete with iodide as a substrate
for this oxidative enzyme.

(iii) Elemental iodine may be reduced to the iodide
ion depriving the thyroid cell of iodine necessary for

synthesis of the thyroid hormone.
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Whatever the exact mechanism of action the effect
of the drugs is to reduce the level of circulating thyroid
hormone. This is accompanied by thyroid hyperplasia
possibly due to increased production of thyrotropic
hormone by the pituitary.

Group (2) Drugs inhibiting the iodide trap of the thyroid.

The aniomns which possess a significant goitrogenic
action are, in order of decreasing activity, perchlorate,
thiocyanate, and nitrates Thiocyanate and nitrate have
no therapeutic importance as antithyroid drugs because
of their toxicity. Potassium perchlarate has, however,
been used successfully in the treatment of thyrotoxicosis
and much of the work to be described in the following
sections consisfs of an evaluation of the place of
perchlorate in the treatment of the disease.

Mechanism of action. The goitrogenic action of these

anions can be overcome by the administration of iodide
and this suggests that they interfere with the uptake

of inorganic i¢dide by the thyroid (Franklin et al. 1944;
Wyngaarden et al. 1952)., Furthermore, inorganic iodide
already trapped by the thyroid is discharged by the
administration of the anioms. The exact mechanism by
which the anions act is unknown, but presumably if the
circulating blood iodide level is high enough the block
can be overcome.

The indications for using antithyroid drugs.




In recent years the indications for the use of these
drugs in the treatment of thyrotoxicosis have become more
clearly defined. Most authorities agree that young adults
with small or moderately enlarged, diffuse goitres should
be given a prolonged trial of antithyroid drugs. When
the disease occurs during pregnancy or puberty this fom
of therapy allows more flexible control of thyroid
function during a period when the metabolic demands
on the thyroid are varying. Before partial thyroidectomy
is carried out toxicity should be controlled by treatment
with one of these drugs. In some thyrocardiac subjects
where rapid control of toxicity is required a short course
of an antithyroid drug can be given beginning ten days
after radioactive iodine therapy. Finally, in patients
where the diagnosis of thyrotoxicosis remains in doubt
after full investigation, the patient's response to
antithyroid drug therapy is of diagnostic values

Historical

Thiourea, the parent compound of most of the antithy- =

roid drugs of Group (1) which are used therapeutically,

was shown to be goitrogenic by Griesbach et als (1941)

and Kenredy (1942). The latter also showed that a
derivative of thiourea was responsible for the goitrogeic

properties of Brassica seeds. Astwood (1943) further
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confirmed the antithyroid activity of thiourea and its
derivatives and in 1944 published the first clinical
report of thiourea and thiouracil in the treatment of
hyperthyroidism. The toxic effects of these drugs soon
diminished the initial enthusiasm for antithyroid drug
therapy, but this was revived by the introduction of
4-methyl thiouracil and 6-N-propyl thiouracil, which
because of their greater potency were effective in

smaller doses and had fewer side effects. Both drugs

had extensive clinical trials and are still widely used.
Stanley and Astwood (1949) then demonstrated that l-methyl-
2-mercaptoimidazole (methimazole, 'Mercazole', !'Tapazole!)
had greater antithyroid activity than any other known
compound, while Bartels and Sjogren reported a successful
clinical trial of the drug in 1951. Methimazole is

widely used in the United States, but in this country
2~carbethoxythio-l-methyl-glyoxaline (carbimazole,
'Neomercazole') synthesized by Rimington and his associates
(Lawson et ale. 1951), is the more popular of the imidazole
derivatives.

The history of drugs inhibiting the iodide trap of
the thyroid began with the demonstration by Marine et al
(1932) that acetonitrile and related compounds could
produce thyroid hyperplasia and that the effect was

antagonised by iodine. In 1952 Wyngaarden et al. studied




the antithyroid activity of various anions and concluded
that the perchlorate ion was the mosf‘potent inhibitor

of the iodide-trapping mechanism of the thyroid. This

was followed in 1954 by successful clinical trials of
potassium perchlorate in thyrotoxicosis (Godley and Stanbury,

1954; Morgans and Trotter, 1954).
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SECTION 2

A Mothod of Comparing Antithyroid Drugs
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The relative activity of antithyroid compounds can
be assessed by a method described by Stanley and Astwood
(1947) which depends upon their property of inhibiting
the uptake of radiocactive iodine. Their observations
were carried out on normal human subjects and were thus
more directly applicable to the clinical use of these
drugs than those methods of assay which depend upon
the goitrogenic action of the drugs in animals such as
the immature rat (Astwood, Bissell and Hughes, 1945)
or chick (Vanderlaan and Bissell, 1946). It is, however,
generally agreed that the order of antithyroid activity
obtained by Stanley and Astwood is not necessarily
applicable to cases of thyrotoxicosis. Moreover, it
is valid only when applied to drugs which act at the
same point on the chain of thyroid hormone synthesis
and so cannot be used to compare the activity of a drug
such as potassium perchlorate, which acts on the iodide
trapping mechanism, with drugs such as the thiouracils
and imidazoles which affect the conversion of iodide to
organically bound iodines

Ideally, drugs should be assayed on patients suffering
from the disease for which they are to be used. The
particular method by which their effect is produced them
becomes unimportant. No satisfactory method of doing

this in thyrotoxicosis has so far been described and




despite extensive clinical trials of various antithyroid

compounds there is an absence of exact data by which the
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therapeutic efficiency of the various drugs can be compared.

I have approached this problem in a new way. In Part I
of this thesis I have been able to allocate figures
indicating the relative diagnostic value of the various
symptoms and signs of thyrotoxicosis by an analysis

of their relative frequency in patients with the disease
and in normal individuvals. This procedure allowed me to
derive, as previously described, a total score which I
have called the clinical diagnostic index and I have shown
that it has about the same degree of diagnostic accuracy
as estimations of the basal metabolic rate or the results
.of radiocactive iodine studies. By removing from the

list of the diagnostic features of thyrotoxicosis those
which are unaffected by treatment I have constructed

a therapeutic index which gives a quantitative measure

of the response to therapy. This section of the thesis
describes the method and provides evidence as to its
validity by applying it to a comparison of two antithyroid
drugs, methyl thiouracil and potassium perchlorate.
Material and Methods.

Series 1. This series comprised 40 subjects who were

definitely thyrotoxic. All were admitted to hospital and
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the diagnoses were confirmed by radioactive iodire studies,

1311 and the 48-hour

including the 4-hour uptake of
plasma protein-bound radioactivity. Basal metsbolic rate
and serum cholesterol estimations were also carried oute
Al)l subjects had diffusely enlarged thyroid glands and
were considered suitable for antithyroid drug therapye
They were allocated alternately to two groups, omne to
be given methyl thiouracil and the other potassium
perchlorate. Iethyl thiouracil was given in the doses
used routinely in the Thyroid Clinic of the University
Department of lledicine at Glasgow, namely 200 mg. three
times a day for two weeks, followed by 100 mge. three
times a day; potassium perchlarate was given in a dose
of 200 mg. three times a daye

Before treatment began the patients were discharged
from hospital and instructed to attend weekly. At the
first out-patient attendance they were examined by a
standard routine. BEach subject was weighed in her clothes
and asked to wear the same clothing on subsequent visitse
She was then instructed to lie down on an examination
couch and was left undisturbed for 10 minutes. The
resting pulse rate was then counted for one minute.
The presence or absence of the symptoms and signs shown
in Table I was then recorded. The taking of the history

and the physical examination were carried out in the
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same way for each patient, the criteria for the identification
of symptoms and signs being those laid down in Appendix 1
except for pulse rate where a resting pulse rate higher

than 85 beats per minute was considered abnormal.

Throughout the investigation all observations, with few
exceptions, were made by one cbserver (the author) and I

have shown in Part I of this thesis that my observations

in observer variation studies involving the clinical

features shown in Table I, did not differ significantly

from those of 7 other experienced observers.

Numerical values were sllocated tc each clinical
feature (Table I) on the basis of their diagnostic
significance except in the case of appetite increase
and weight losse As I have previously described the
combination of these two symptoms was of great diagnostic
importance and for the purpose of diagnosis each was rated
+ 3 giving a value of + 6 if both were present. In the

assessment of therapeutic response, however, the restoration

of weight loss is of much greater significance than the
return to normal agppetite and for this reason the rating
for the symptom of weight loss was increased to + 4 and
that for appetitfe increase reduced to + 1. By adding
the values obtained at the firsf cut-patient attendance
a total score which I term the therapeutic index was
derived for each patiente.

At the first out-patient visit treatment was started
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with either methyl thiouracil or potassium perchlorate
and patients receiving the latter drug were instructed
not to eat fish or icdised salt, and to avoid medicines
conta¥ining icdine.

At each subsequent weekly visit the procedure
for ascertaining body weight, resting pulse rate, and
the presence or absence of the clinical featuvres of the
diéease, was repeated. When a symptom or sign disappeared
completely its value was deducted from the therapeutic
index of the previous week. In the case of weighf
increase one point was deducted from the initigl index
for each 4 pounds of weight gained. In this way a
fresh therapeutic index was calculated weekly for each
patient,

The week of full control or "cure'" was defined as
that week in which the therapeutic index first reached
a value of 5 or less. If, however, the index fell below
that value in either of the two subsequent weeks the
week of "cure" was that with the lowest index. If in
either of these two weeks it exceeded 5 it had to fall
again in the way described above before the week of "cure"
was reached. Indices of 5 or under were chosen to indicate
full control because, irrespective of the other clinical

findings, the combination of two or more clinical

features of high diagnostic significance, and consequently
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scoring highly would suggest the persistence of toxicity

and result in a therapeutic index greater than 5. Moreover
in patients who were considered to be satisfactorily
controlled by antithyroid drugs therapeutic indices fluctuated
within the range zero to 5 over long periods. For these
reasons it was considered that an index remaining in

this range for 3 successive weeks indicated that full

control had been achieved.

In order tc confirm that "cures" had been effected
at the times of the lowest therapeutic indices, basal
metzbolic rate estimations were carried out at fortnightly
intefvals in all patients until the week of "cure" had
been reached. This was done by admitting patients
t0 hospital overmight and giving 200 mge. butobarbitone
12 hours before the test which was performed on the
following morning. The procedure is described in greater
detail by Crooks, Murray and Wayne, 1958. The serum
cholesterol was also estimated each second weeke

Following "cure" the patients were maintsined in
the eutbyroid state with doses of the drugs ranging
from 50 to 150 mg., daily for methyl thiouracil
and 200 to 400 mg. daily for potassium perchlorates
After three months maintenance therapy the drugs were
stoppede.

Series 2, This study comprised 14 cases made up of

two groups: 8 subjects of Series 1 who had been given
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FIGURE 1
Times taken to effect "cure" by potassium perchlorate

(600 mg. daily) and methyl thiouraeil in patients of Series 1.
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TABLE II

Distritution of Patlents 1n.Serles 3 Rece1v1ng Nethyl TthUIHCll

and Potassium Perchlorate (600 mg.‘Dally) Showing Time Taken to
Effect "Cure™,

Time to
Effect “cure"

(weeks) Methyl Thiouracil = . Pot. Perchlorate (600mg. daily)
3 - 4 -
5- 6 3 -
T- 8 4 5
9 - 10 10 3
11 - 12 1 4
13 - 14 - 3
15 - 16 1 -
17 - 18 - 2
19 - 20 - R 1
21 - 22 - 1
23 = 24 - 1
Total 20 20

Mean time to
Ucure", 9.1 weeks 13,1 weeks
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methyl thiouradl and who, because they relapsed following
the cessation of therapy, were re~treated with potassium
perchlorate; and 6 subjects who had been treated with
potassium perchlorate and were re-treated with methyl
thiouracil after relapse. The ssme dosage schemes for
each drug were used in re-treatment as in the initial
treatment and the follow-up procedure was identicale
Results

Series 1l: Time of "Cure" The weekly therapeutic indices

obtained in the patients of this series are detailed

in Appendix IV (potassium perchlarate 600 mg. daily --
cases 1 to 20; methyl thiouracil -- cases 21 to 40). The
times taken to effect "cure", i.e., to reach scores

of 5 or less, are shown in Table II. The mean time to
"cure" of the 20 patients on methyl thiouracil was 9.1
weeks and the comparable figure for the 20 patients on
potassium perchlorate was 13.1 weeks. These values

are significantly different (p < 0.0l)., Figure 1
illustrates the times taken to "cure" for both drugs and
it can be seen that in the group of patients receiving
potassium perchlorate the longest time taken to effect
“cure" was 23 weeks compared with 16 weeks for methyl
thiouracile It also shows the larger number of cases
receiving perchlorate who required long courses before

Youre' was achievede




FIGURE 2
Changes in therapeutic indices and basal metabolic
rates during treatment with methyl thiouracil and
potassium perchlorate (600 mg. daily). A and B show

linear changes of the therapeutic indices with time.

\B a@how the delayed type of therapeutic response,

r",’
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FIGURE 2.
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Variations of Therapeutic Index with Times: Typical

examples of the changes in the index during therapy are
shown in Figure 28 (methyl thiouracil) and Figure 2B
(potassium perchlorate). The associated changes in the
basal metabolic rate plotted on the same figures showed
good agreement with the clinical method of assessmente
In the case of both patients illustrated in those figures
linear regressions of the therapeutic indices on time
showed a significant fall in the values of the index
withvtime. This relationship was found to hold in 17

of the 20 patients treated with methyl thiouracil. The
remaining 3 patients were slow to respond to the drug and
the changes in the therapeutié index and basal metabolic
rate in this type of response are shown in Figure €.
The indices of all three patients, however, reached
values of 5 or less in subsequent weeks. Of the 20
patients treated with potassium perchlorate 16 showed
significant falls in the regression coefficient of the
therapeutic index with time. In one of the remaining

4 patients the values of the index suggested that the
reason for the non-sighificant fall was the absence

of data on three occasions on which she defaulted. The
remaining 3 patients did not respond to treatment until
6 weeks or more had elapsed and an example of this type

of response to perchlorate is shown in Figure 2 D,
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Effect of Initial Values of the Therapeutic Index: A

comparison between the initial values of the therapeutic
indices and the times taken to effect "cure" showed that
for the groups on either drug there was no significant
correlation between these two variables, In other
words, the time takento effect a "cure" was uninfluenced
by the initial values of the therapeutic index which

is, of course, a measure of the severity of the disease.

Basal Metabolic Rate and Serum Cholesterols All

measurements of basal metabolic rate and serum cholesterol
made. in the patients of Series 1 are shown in Appendices
V and VI respectively.

The mean values of basal metabolic rates in both
groups before and after therapy are shown in Tgble IIT.
Since the values of the basal metabolic rates were
obtained at fortnightly intervals it was sometimes
necessary to estimate the value of the basal metabolic
rate corresponding to the therapeutic index when it
had reached the week of "cure". These estimations
were made by first finding the linear regression of
the basal metabolic rate on time and then estimating
it at any given time from this regression. At the
beginning of treatment using methyl thiouracil the
mean value for the 20 patients was + 46.95; at the

conclusion when the 1 tients had reached values of the

98.
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therapeutic index of 5 or less they had a mean value
of = 7.8 with a standard deviation of 9.7. A normal
group of individuals would be expected to have basal
metaboiic rates with & mean value of zero and standard
deviation T.5 approximately, Thus the 20 patients
had attained the euthyroid state as measured by the
basal metabolic rate since the mean value of - T8

is not significantly different from zerce. At the
beginning of treatment using potassium perchlorate the
mean of .the initial reading of basal metabolic rates
for the 20 patients concerned was + 35473 at the
conclusion when the time of "“cure'" had been reached
by the therapeutic indices, the mean value was =~ 2.2
with a standard deviation of 12.2. Thus, once again
the estimations of basal metabolic rate c mfirmed that
the patients were euthyroid at the time of "cure".

It was hoped that the estimation of serum cholesterol
values at fortnightly intervals might yield confirmatory
evidence of "cure". They were, however, found to be
of little help. The mean values before and after therapy

are given in Table III.

Series 2 -- Re-treatment: The therapeutic indices obtained

at weekly intervals in the patients of this series are
shown in Appendix VII. The times taken to effect "cure"

in 8 subjects who initially received methyl thiouracil
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and were given potassium perchlorate, following recurrence
of the disease, are shown in Table IV. A t-test shows
that the difference of 4 weeks is not significantly
different from zero (t = - 2,18, 0.5 < p< 0.10)e The
smallness of the probability suggests that the difference
is probably different frcm zeros. It should be noted that
the difference obtained, i.e. potassium perchlorate
{taking 4 weeks longer than methyl thiouracil for "cure"
to be obtained, is similar to the difference found in
Series l. In 6 subjects who had received potassium
perchlorate and who were given methyl thiouracil following
recurrence of the disease, the times to "cure'" are also
shown in Table IV, A t-test shows that in this group
of subjects the difference of 4 weeks is significantly
different from zero (t = - 2.93, p < 0.05)s Agsin
the slower rate of control by perchlorate is similar
to that obtained between the two groups of 20 patients
in Series 1le.

From a comparison of the two cro;s-over tests it
is apparent that the findings are the same irrespective
of which drug has been given first. It is valid
therefore to consider both cross-over tests together and
to conclude that in this group of 14 subjects potassium
perchlorate, in the doses used, took 4 weeks longer

than methyl thiouracil to contrecl the disease. This

101,
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confirms the results of Series 1 and provides evidence
that the method of assessment is reproducible.
Discussion

Gaddum (1940) states, "Experiments on man are the
only kind of experiment which can give certain evidence
of therapeutic action on man". The truth of this statement
is borne out by the work of Stanley and Astwood (1947)
who found a poor correlation betweén their assays of
antithyroid drugs in normal human subjects and the
results obtained in the rat (MCGinty and Bywater, 19453
Bywater, McGinty and Jenesil, 1945; and Astwood, Bissell
and Hughes, 1945). There are meny difficulties, however,
in the way of assaying drugs in humans including individual
variation of response, the smzll numbers as compared with
animal experiments, the effect of suggestion, and the
special difficulty of transferring results obtained in
normal subjecté to patients with diseases The various
methods of carrying out drug assays in humans are
admirably described by Gaddum (1954) who classifies the
methods as direct assays, assays depending on measured
responses, and those depending upon gquantal (all or none)
responses.

The method used by Stanley and Astwood to compare

the antithyroid activity of various drugs is an example

of the direct method of assay since they found the
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minimum doses which would produce a definite inhibition
of radioactive iodine uptske by the thyrcid. By grading
the degree of inhibition with various doses of the drugs
these workers also incorporated the principles of assay
by measured response anc in this respect fcllowed the
design of the classical werk on the antihistamines carried
out by Bain (1949). Although this type of experiment
gives reliable information about the relative activities
of drugs in normal human subjects it is much more
difficult to obtain comparable informstion in disease,
yet this is the information which the practising
physician requires. For example there appears to be
a greater variation in the response to antithyroid
drugs in patients with thyrotoxicosis than in normal
subjects. This variation, which is genemlly accepted
by clinicians, may be due to the varying amounts of
stored hormone present in toxic glands before treatment,
but irrespective of the reason it cannot be ignored when
providing comparisons of antithyroid drugs intended to
be of help in clinical practices

The method of assay by measured response, like
all methods in which responses to single doses of
drugs are observed, has another disadvantage in that
it fails to allow for the varying rates of accumulation
.of the drugs in the tissues, This is a particular

disadvantage when comparing drugs with similar pharmacological
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actions, such as the antithyroid drugs and can produce -

fallacies in the extrapollation of the results to

clinical therapeutics.’//bf—ﬁA

The objection to applying the results of animal

experiments to humans has been avoided in the present

study bycarrying out the assay procedure in patients

with thyrotoxicosis and allowance has beer made for the

varying rates of drug accumulation by choosing the

time taken to achieve "cure" as the responses. Since

"cure" is an all or none phenomenon the procedure

used belongs to the group of assays by guantal responses.

The difficulty in such assays lies in determining the

end~-point, in this case "cure". This decision is essentially

a clinical one and is conventionally based on the

individual interpretation of a number of observations.

Such decisions can be criticised because of their

subjective and interpretive basis and their scientific

value has been questioned by a number of workers (Cochrane,
Lk " Chapman, and Oldham, 1951). \Due\ to the inherent variability
A in conventional clinical asseésments of "cure" conflicting

results may be obtained by different workers in comparing

the effectiveness of drugs when this end-point is used.
For example Bartels (1945) found that thiobarbital was

12 times more active in thyrotoxicosis than thiouracil
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whereas Astwood (1945) found it to be only twice as
active. The therapeutic index by expressing the
response to therapy on a quantitative basis eliminates
the necessity for reaching an opinion as to the time
of *cure'. Instead the end-point is reached when the
indices become five or less. The advantages of expressing
the therapeutic response of a disease on g quantitative
basis have been pointed out by Schultze and Zieve, 1958,
It allows much simpler statistical treatment and in the
present study has enabled the high frequency of linear
therapeutic responses with time to be identified. It
has also made it possible to demonstrate that there was
no relationship between the initial severity of the
disease and the rate of therapeutic response.

The finding that the mean values of the basal
metabolic rates in the two groups of Series 1 were
not significantly different from zero when the décision
as to Pcure!" was reasched by this method supports its
validity. The index was also applied in “a  cross-over
test of the type widely used in the assay of insulin
in rabbitse This has the great merit of using each
individual as her own control. This procedure is
of course only possible in those relatively rare
instances in which it is legitimate to allow a patient

to relapse before re-applying treatment. Fortunately,
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this is accepted practice in the treatment of thyrotoxicosis
with antithyroid drugs. The results obtained in the
cross~over tests confirmed those found in Series 1 and
provide further evidence of the validity and reproducibility
of the method. They also suggest that the possible
errors of alternate allocation of drugs to two groups
(Gaddum, 1940) did not occur in Series l. It was
appreciated that observer variation effects might
introduce fallacies in the type of assessment which
has been described. Such variation has been minimised
since the indices were derived by one observer, the
author, who in addition has shown no statistically
significant differences in observer variation studies
carried out in a similar clinical assessment of
thyrotoxic patientse

In the comparison of antithyroid drugs the
. question of dose is of great importance. ‘The doses
of methyl thiouracil and potassium perchlarate
chosen were the standard ones in use at the time of the
study, It is appreciated that it is generally desirable
to use more than one dose of different drugs when comparing
their relative potency and the method of comparison
by therapeutic indices has been applied to potassium
perchlorate at a higher dosage level and also to carbimazole
in the investigation to be described in the next section

of the thesis.
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l. A clinical method of cdmparing the therapeutic
effectiveness of antithyroid drugs is describede.

The method is based on the allocation of numerical
values to the reversible features of thyrotoxicosis,
and the sum of these values for an individual case
is termed the therapeutic index.

2, Therapeutic indices were obtained weekly in two
groups of 20 cases, one group receiving methyl
thiouracil and the other potassium perchlorate.

The antithyroid activity of both drugs was assessed
by the time taken to produce "cure" which was defined
as a therapeutic index of 5 or under. '"Cure" was
confirmed by basal metabolic rate estimations.

3. The time taken to effect "cure" was uninfluenced
by the initial severity of the disease and in 33 of
A0 patients the rate of therapeutic response bore

a linear relationship to time.

4+ A cross-over test carried out on 14 patients

who relapsed after the first course of treatment

confirmed the validity of the method.

LUOCe




SECTIN 3
A Comparison of Antithyroid Drugs, with Particular
Reference to the Therapeutic Applications of Potassium

. Perchlarate.
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The ideal antithyroid drug for the treatment of
thyrotoxicosis should have a sufficiently potent anti-
thyroid action to control the clinical features of the
disease within a reasonable time, should be non-toxic
in therapeutic doses, and should be inexpensive. The
two antithyroid drugs most commonly used in this country,
methyl thiouracil and carbimazole, fulfil the first
requirement, carbimazole laving & greater antithyroid
action, weight for weight, than methyl thiouracil
(Macgregor and Miller, 195%). Neither of these drugs
gualifies as an ideal therapeutic agent in respect of
non~-toxicity since, in therapeutic doses both have
caused serious side effects including agranulocytosis
with a fatal outcome in some cases, Burrell et al. (1956)
believe that fewer toxic effects are produced by
carbimazole than by methyl thiouracil. In the case of
both drugs the risks of toxic effects are less than
the dangers of the untreated disease and for this reason
they are acceptable therapeutic agentse.

Potassium perchlorate was first shown to be an
effective antithyroid drug in the treatment of thyrotoxicosis
by Godley and Stanbury (1954) and later by Morgans and
Trotter (1954), Beichart (1955), Buttaro and Brunori (1955),
and Kleinsorg and Kruskemper (1957). It has a relatively

Simpie molecule which would not be expected to produce
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the serious side effects of the thiouracils and imidazoles,
particularly on the haemopoetic system. The initial
clinical use of this drug appeared to fulfil this
expectation, and provided its low toxicity is confirmed
it would be a better antithyroid drug in this respect
than either methyl thiouracil or carbimazole. Morgans
and Trotter (1954), however, had the impression that
the average rate of response to perchlorate in the dose
they used (400 mg. daily) was less than that produced
by methyl thiouracil in a dose of 200 mg. daily and that
even with larger doses of perchlorate occasional patients
were not adequately controlled. Buttaro and Brunori (1955)
who used doses of 600 mg. daily also considered that the
drug had a slower action than the other antithyroid
drugse Although it is not always necessary or even
desirable to treat thyrotoxicosis rapidly it is likely
that in the doses used by these workers it was a less
effective antithyroid drug than either methyl thiouracil
or carbimazole., If, however, the dose of potassium
perchlorate could be increased sufficiently to achieve
control of the disease at a rate comparable with that
produced by methyl thiouracil or carbimazole, without
a coincident increase in toxicity, then it would be nearer
the ideal antithyroid drug than either of the other.two.

The investigation to be described has been carried
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out to explore this possibility. I have used data
obtained during the work described on the method of
comparing the éffectiveness of antithyroid drugs and

in addition I have studied a further two groups of
thyrotoxic patients who were treated with carbimazole
and potassium perchlarate (1,000 mg. daily) respectively.
I also took the opportunity to study certain other

items of therapeutic interest, e.ge.- the influence

of variation in dietary iodide intake on the therapéutic
action of perchlarate, the effect of potassium perchlorate
and methyl thiouracil on the degree of exophthalmos,

and the place of perchlorate in pre-~operative preparation
and in pregnancy complicated by thyrotoxicosis.

Material and Methods.

£

Series 1. This series comprised two groups of 20 thyrotoxic
patients, one group being treated with methyl thiouracil

and the other with potassium perchlorate (600 mg. daily)

as described in the preceding section.

Series 3. This series consisted of 40 cases with
unequivocal thyrotoxicosis. The basis of selection and

the methods of confirming the diagnosis were as described
previously for the subjects of Series l. The patients

were allocated alternately to two groups one to be given
carbimazole and the other potassium perchlorate. Carbimazole

was given in doses of 20 mg. three times a day for two
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weeks followed by 10 mg. three times a day. This dosage

scheme was chosen because it was the accepted equivalent
of thé dosage scheme for methyl thiouracil used in Series 1,
In the case of potassium perchlorate the dose of 600 mg.
daily used in Seriés 1 was increased to 1,000 mg. daily
in five divided doses. The dietary iodide intake was not
restricted in the patients of Series 3.

The method of comparing the effectiveness of the
two drugs by changes in the therapeutic indices was
identical to that previously described except that
patients were seen at fortnightly intervals during
treatment. Serial basal metabolic rate and serum cholesterol -
estimations were not carried out but "cure" was confirmed by
estimation of the basal metabolic rate in each case.

Dietary intake énd urinary excretion of iodide. In 8

patients of Series 1, all of whom had been treated with
potassium perchlorate and advised to restrict their
iodide intake, diet histories were obtained during
the period.of maintenance therapy. The histories were
obtained by a dietitian who had no knowledge of the times
taken to effect "cure" in the patients. From this data
it was possible to estimate the approximate dietary
iodide intake in each case,

The 20 patients of Series 1 advised to restrict

their iodide intake because they were receiving potassium
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perchlorate and the 20 patients of the same series

treated with methyl thiouracil without restriction of
iodide intake were asked to bring a sample of urine

with them at each weekly visit, the sample being collected
at 2 peme on the day of the visit. A qualitative test
for the urinary iodide content of these samples was
carried out in the following waye.-

To a pair of test tubes were added 0.2 ml. and 1 ml.
of the urine sample; standard tubes were also prepared
with, instead, water and 0.1 ml, of a solution of
iodide (0.5 mg. I per litre). To each tube the following
was added: 5 ml. water, 1 ml. arsenious acid solution
(0,075 N arsenious acid in 0.75 N HpSOy and 0.5 per
cent Na OH), and finally, in quick sequence along the
tubes, Co4 ml. ceric sulphate (0.1 N ceric ammonium
sulphate in 3.5 N 32504). The result was read at half=-
an-houre. ﬁb fading of the yellow colour in either tube
showed that no iodide was present and was recorded as (-);
.a relatively large amount of iodide produced complete
fading in both tubes and was recorded as (++); all other
results were recorded as (+).

This procedure is similar to that described by
Fraser et al. (1953) except that these workers used
aliquots of 24 hour samples of urine and consequently
expressed their resuits iﬁ ranges of mg. of iodide per

24 hourso



FIGURE 3
Pimes taken to effect “cure" 