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PREFACE

"Myxoedema is perhaps the most frequently missed
endocrine disordexr"
Price's Textbook of Medicine (1956)

Such a statement as this initially excites surprise for
the dull, apathetic, uncomprehending stare of the "myxoedematous
facies" is so characteristic. On reflection, however, its
truth is readily apparent since in most instances this
typical clinical picture only evolves over several years.
During this time the possibility that hypothyroidism is
responsible for the patient's vague symptoms of ill-health

has frequently not been considered.

This thesis is based on a study initiated in an attempt
to clarify the difficulty that does exist in establishing
the diagnosis of hypothyroidism at an early stage in the
course of its development. It is mainly concerned with the
"primary" or'idiopathic" form of hypothyroidism in the adult
since it was considered that this presents the greatest
diagnostic problem. When hypothyroidism is the result of
such accidents as the destruction of the pituitary or

over-treatment of thyrotoxicosis, the diagnosis is much more

Treadily suspected.



The study has been presented in the sequence in
which, it is suggested, the clinician usually approaches
the problem of reaching a diagnosis in any patient. "The
Clinical Evaluation" has been considered in Section I.
A study was made of the clinical features of hypothyroidism
both in patients in whom the diagnosis was obvious and in
subjects where the condition was suspected but diagnostic
difficulty encountered. In addition to demonstrating the
diverse and often subtle ways in which the disorder may
present, it permitted an evaluation ¥ be made of the
relative diagnostic importance of the different symptoms and
signs that may occur. It seemed possible that this data
would permit the extension of a study in which Ilhad
previously been priviledged to take part (Crooks et al, 1959).
In this, it had been shown that the application of a
statistical method of allocating numerical values to the
clinical features of thyrotoxicosis provided greater accuracy
in diagnosing this disease on clinical grounds. It will Dbe
shown that the application of this technique té hypothyroidism
is also helpful in clinical practice.

In some patients, especially when the clinical picture
is atypical or incomplete, the clinician frequently wishes

to employ laboratory aids which will substantiate his



clinical diagnosis. In Section II, therefore, "The
Laboratory Confirmation" presents a review of the relative
value of some of the procedures most commonly used to
demonstrate thyroid hypofunction. A new method, fhe
measurement of reaction time, has been introduced. It
will be shown that this is a simple and rapid technique
which provides considerable precision in demonstrating the
presence of hypothyroidism.

The final proof of the accuracy of any diagnosis is
the demonstration that the administration of appropriate
therapy produces alleviation of symptoms and the disappearance
of signs. This response is particularly important in the
patient in whom the diagnosis remains in some doubt, even
after full clinical assessment and investigation. In
Section III, "The Therapeutic Trial" presents a study of the
alterations in the clinical picture of hypothyroidism
produced by the administration of thyroxine, and of the
changes in the laboratory investigations which will support
the clinical observations.

The term myxoedema is used properly to describe the
state of hypothyroidism in which there is an abnormal
infiltration of the skin and subcutaneous tissue with a
muco-polysaccharide. However, this manifestation is not

present in all cases of hypothyroidism and indeed is usually



absent in early cases. Accordingly the term hypothyroidism
is preferred to myxoedema and will not be used interchangeably.

For convenience in reading, the Tables and Figures
referred to in the text have been bound separately in
Volume IT. They are followed by a list of the references
to the literature quoted. Volume II also contains Appendices
in which the results of the studies are tabulated in full.

The publications that have already appeared reporting
part of the work included in this thesis, and those studies in
which I have taken part and to which reference is made, are
as follows:~

"Acroparaesthesia in Myxoedema" I.P.C. Murray and J.A.
Simpson. Lancet (1958) i, 1360.

"The Reaction Time in Myxoedema' I.P.C. Murray. Lancet
(1958) ii, 384.

"Radioactive Todine Studies in the Diagnosis of Hashimoto's
Thyroiditis" I.P.C. Murray and E. M. McGirr.
Brit. med. J. (1960) 1, 838.

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

"Sleeping Pulse Rate in Thyrotoxicosis" J. Crooks and I.P.C.
Murray. Scot. med. J. (1958) 3, 120.

"A Statistical Method applied to the Diagnosis of Thyrotoxicosis"
Jo Crooks, I.P.C. Murray and E.J. Wayne. quart. J. Med.

(1959) 28, 211.

The results of some of these studies were also included
by Professor E. J. Wayne in the second of his Lumleian Lectures,
"Clinical and Metabolic Studies in Thyroid Disease” Brit. med. J.
(1960) 1, 78.
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CHAPTER I

INTRODUCTION

Hypothyroidism results most commonly from a primary
lesion in the thyroid gland resulting in a progressive loss
of acinar tissue with accompanying impaired production of
'hormone. The clinical features can, therefore, be explained
almost entirely from the knowledge of the actions of thyroid
hormone. If, however, the function of the thyroid is
diminished as the consequence of pituitary failure, as in
Simmond's disease, the clinical picture of the remaining
hypothyroidism will usueally be different, since deficiencies
of other hormones are also present. As thyroid hormone is
| essential for normal tissue metabolism, inadequate production
will cause slowing of these processes throughout the body
with characteristic changes in the mental and physical state.
Usually the decrease in thyroid hormone occurs gradually. The
changes develop slowly, but as the demands of different systems
vary greatly, some symptoms and signs will appear at an earlier
date than others. If the failure of hormone production is
more abrupt, as for example following radioactive iodine therapy,
the deprivation will affect all tissues more completely and

t

the clinical pattern may consequently be different. In
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subsequent chapters these alterations in the clinical
picture of hypothyoidism will be more closely examined.

In most conditioné diagnostic difficulty usually arises
when a clinical picture is incomplete, or when atypical
features are present. In these circumstances even experienced
clinicians may differ in their coﬁclusions. Sometimes the
same observer may alter his opinion on the same case on
consecutive days. The reason for such variations seems to
depend on the nature of the mental processes involved in
making a diagnosis. In making clinical assessment a
physician must first obtain a reliable history and elicit
accurately the appropriate physical signs. At this stagey
observer variation is encountered since there- is rarely
complete agreement, even among a group of experienced
clinicians, whether or not any single symptom or sign is
present or not. Next, the physiciankmust decide on the
relative importance that he should attach to the clinical
features of the case. At this point further differences in '
opinibn arise because some cliniciane regard certain features
a8 of greater diagnostic significance than do others.

Such difficulties as these are accentuated in hypothyroid
states because of the diversity of the signs and sympfoms
resulting from the generalised effect of lack of thyroid

" hormone., The clinical picture may, however, be dominated by
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the evidence of the deficiency on one particular organ

or system. The condition may consequently present in

many ways. These variations in presentation accentuate

the difficulty in recognising the disorder that is

produced by the insidious nature of its onset. The
alteration in the individuals sppearance may develop so
gradually that it may pass unnoticed by the patient and her
relatives, and often even by her own practitioner. Moreover,
the accompanying mental changes tend to smother self-criticism
end the patient may have very few complaints. Since,
therefore, symptoms must frequently be elicited by specific
questioning, it is even more important that the clinician is
aware of the relative diagnostic significance of the clinical
features.

Recognising these difficulties in making a clinical
diagnosis of hypothyroidism, the clinical features of the
condition have been reviewed. Special attention has been
paid to the cases causing diagnostic difficulty and enquiry
made into the reason for the di?ficulties and methods whereby

these may be overcome.




CHAPTER 2

SYMPTOM AND SIGN ANALYSIS

The frequency with which characteristic symptoms and
signs aré to be found in hypothyroid patients has been
analysed by several authors, for example Means and
Richardson (1929) and Lerman (1948). Their figures, although
of great interest, are not of great value to the clinician since
they provide little information regarding the diagnostic
significance of these features. This can only be obtained by
comparing the incidence of such symptoms and signs as they
occur not only in normal and frankly hypothyroid subjects, but
also in those cases which have caused diagnostic difficulty. The

following analysis is an attempt to provide this information.

Subjects
Throughout this study the patients have been divided into

groups. Those in whom the diagnosis was obvious on clinical
grounds have been called the "Definite" group. If, however,
there had been difficulty in reaching a diagnosis by one or more
hospital physician, patients were considered separately in a
group termed '"Doubtful". The final diagnosis was made only
after investigation and prolonged observation, which included

watching the response to specific therapy.



Fifty-five patients were unquestionably hypothyroid and
have been called the "Definite Hypothyroid" group. They were
matched by sex and age, in five year periods, with 55 normal
subjects - the "Definite Euthyroid" group. Noné of these
pad attended practitioners with complaints of recent ill-health
and in none was there any evidence of thyroid upset. All
were continuing their normal occupations.

Difficulty in reaching a diagnosis has been found in 50
patients finally shown to be euthyroid and in 45 proved later
to be hypothyroid. Accordingly these groups have been termed
the "Doubtful Euthyroid" and "Doubtful Hypothyroid" groups
respectively.

In a2ll the hypothyroid subjects considered in this review
the condition was either "idiopathic" or due to Hashimoto's
thyroiditis. Similar studies were carried out in patients
in whom hypothyroidism was secondary to pituitary
insufficiency or followed treatment of thyrotoxicosis. The

results will be considered separately.

Method

In each subject, the presence or absence of each clinical
feature was recorded. Initially, the signs and symptoms
chosen were those studied by Lerman (1948), others mentioned

frequently in textbooks of thyroid disorders, or on the basis
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of personal experience. After a short trial period, it
became obvious that in some of these the observer error was
high and these were omitted. Others, for example
paraesthesiae, were added in the light of the frequency with
which complaints had been spontaneously mentioned by patients.
A written questionaire was not used. Care was taken to avoid
leading questions and supplementary questions were always
asked. The method of history-taking is described in Appendix I.
In order to reduce the effects of observer variation, the
procedure for the physical examination was rigid and the
criteria to be fulfilled are also described in Appendix I.

The findings were noted on a special sheet, which was filed
until the final diagnosis had been established. They were
then transferred to & punch-card. On completion of the

series these cards were analysed.

Results

The full details of the incidence with which the various
features were found are shown in Appendix IT. In view of
the great difference in numbers of male and female subjects,
it is difficult to compare them accurately. Nevertheless,
there does appear to be little significant difference between
the results in the two sexes, except for the changes in hair

which were noted less frequently by men. The results for
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both have therefore been considered together. The
comparison of the frequency of symptoms is shown in Table 1
and of the signs in Table 2.

When the "Definite Hypothyroid" group is examined, it
~can be seen that the symptoms generally considered to be most
typical of hypothyroidism were present in most of the patients.
The characteristics of these symptoms will be considered later.
As might be expected, few of the control euthyroid subjects
had similar symptoms, although the frequency with which
apparently normal individuals complained of tiredness, dyspnoea,
nervousness and depression is perhaps surprisingly high.
Nevertheless, there is a significant difference between the
incidence of each symptom as it occurs in both groups. Thus,
for example, even "tiredness" retains some diagnostic significance
since although it was present in 42% of euthyroid subjects, 98%
of the obviously hypothyroid patients had this complaint.

When the two "Doubtful" groups are considered, however,
it becomes clear that the isolated finding of many of these symptoms
must be interpreted with caution. In those patients finally
proved to be hypothyroid, the incidence of typical symptoms
is still high although, not surprisingly, it is generally
rather lower than in the "Definite Hypothyroid" group. In
those, however, who had presented diagnostic difficulty but

were found finally to be euthyroid - the "Doubtful Buthyroid"
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group - it is obvious that this difficulty had in part arisen
because patients had had one or more of the "typical" symptoms.
Thus many had complaints of cold intolerance, hair changes,
hoarsepess, or a sensation of facial “puffiness". Tiredness
wag in fact present in 88%. On the other hand, some symptoms,
such és lethargy, were encountered much less frequently in
these patients than in the "Doubtful Hypothyroid" group and
therefore are obviously of considerable diagnostic importance.
The conclusions that may be drawn from examination of
the incidence of signs (Table 2) form a similar pattern. Thus
in the "Definite Hypothyroid'" patients most of the accepted
clinical features were encountered, although in varying‘
frequency. Again in the "Doubtful Hypothyroid" group the
incidence of each sign was rather lower. These features
were uncommon in the control normal individuals, although a
hoarse voice, cold dry skin, or dry hair, were found in a
considerable number. The incidence of these features in the
“Doubtful Euthyroid” group suggests that as isolated phenomensa
their diagnostic significance is over-estimated. In the
latter group, it is also clear that the possihility of
hypothyroidism had been often considered because of the
impression of puffiness of the face or periorbital tissues.
This sign therefore must also be interpreted with caution and
together with the other features. It is particularly

interesting to observe the incidence of sparseness of the



eyebrows, which is frequently mentioned as a typical sign.

Although it was noted in 84% of hypothyroid patients, it was

15.

also considered to be present in T0% of the "Doubtful Euthyroid"

group and in 47% of normal individuals. Eighteen hypothyroid
women were of pre-climacteric age. Menstruation was |
unchanged in 5, while menorrhagia had developed in 6, and
oligomenorrhoea had developed in 3. In 4 women who had noted
amenorrhoea, normal menstruation returned after thyroxine

therapy.

Discussion

The value of any diagnostic procedure, cliﬁical, chemical
or physical; depends to a large extent on its reproducibility.
Thé greater the human element in a method, the higher is the
probability of variation when the observations are repeated or
carried out by different observers. Such observer variation
may arise in two ways. In the first place, there may be
disagreement between observers whether or not a sign or
symptom is present. History-taking is particularly prone to
such mistakes, as Cochrane et al (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:'
emphasis the physician places on the patient's statements.

The use of a written questionaire was avoided since Glaser and
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Whittow (1954) have shown its unreliability. Ninety rer ocent
of their normal subjects questioned by this procedure recorded
at least one symptom initially, but when the questionaire

was repeated there was a significantly smaller number of
positive responses. Wayne (1954) also noted a high incidence
of positive responses in a normal control group in reply to

set questions, but suggested that appropriate supplementary
questions would reduce this effect. In the present se?ies
the history was taken by conventional methods, leading
questions were avoided and appropriate supplementary questions
were asked about each symptom. Nevertheless, despite these
precautions, a large proportion of the healthy normal individuals
did admit to the presence of such symptoms as tiredness (64%)
and breathlessness (52%). It must be remembered that in all
these patients the symptoms were elicited by these methods and
were not spontaneously complained of. the importance of this
difference will be apparent when considering the ways in which
.fhe hypothyroid cases presented.

Inconsistencies in the recording of physical signs have
been demonstrated by kletcher (1952) in a study in which eight
observers, all members or fellows of a College of Physicians,
independently elicited the physical signs found in the chest
of each of 20 patients sufferiﬁg from emphysema. With most

signs only two-thirds agreement was obtained. He suggested,
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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 et al (1955), who compared the
accuracy of two observers in making the diagnosis of byssinosis.
It was for this reason that rigid definitions of physical

signs were laid down in the present series.

Even if the actual observations by different clinicians
are in agreement, however, differences in diagnosis mayvstill
arise through varying conclusions being drawn from them.

This results from differences in interpretation of the clinical
features and is probably the most important single cause for
erroneous diagnoses. The inmportance placed on any symptom
or sign by an individual is influenced by fadors such as his
experience and personal impressions. The true diagnostic
significance of any feature can only be ascertained by careful
study.~ In the first place it obviously depends on the
frequency with which it occurs in patients suffering from the
disorder. The relative incidence of signs and symptoms in
proven hypothyroid patients was studied by Lerman (1948). A
comparison between that series and the present study is to a
certain extent difficult in view of probable differences in the

degree of severity of the disorder of patients in the two groups.
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In Table 3, however, the respective results are shown for

some of tﬁe features studied in the two investigations. It
may be noted that most of the symptoms and signs frequently
found in the present study were also encountered most often
by Lerman (1948). ©Possible differences in the criteria for
recognition of the features must be remembered and may explain
the slight differences in the results since the figures are in
general lower for this series. It may be emphasised again
that in this investigation all symptoms had to be of recent
onset or of increasing severity before being recorded as
present. Similar variations in the definition of the clinical
features must be considered when studying reports by other
authors of the incidence of symptoms and signs in hypothyroid
states. Nevertheless, the results in 20 patients reviewéd

by Sheedy and Lienhard (1957) do show a similar pattern
_(Table 3), but it may be noted that apart from lethargy and
weakness, the featuresvwere less commonly encountered. Pheir
study and most others, however, are not strictly comparable
with the present one. or Lerman's (1948), since they are not
based on a specially designed investigation where the presence
or abéence of specific features is elicit?d.  Instead, the
frequency with which selected symptoms and signs had been
recorded in routine charts and case histories has been noted.

It is likely that many symptoms might be ignored if not



19.

s

specially sought and this may in fact be the reason why tie
reported frequency of individual features is generally much
lower. Thus in 151 hypothyroid patients studied in this way,
purntein (1948) found fatigue present in only 44% and
constipation in 40%. Apart from non-specific complaints, such
as headache and backache, the incidence of all other symptoms
was less than 20%. His results, however, like those of
Sturgis (1922) and other wbrkers,make quite clear the
ﬁultiplicity of symptoms that may be encountered inA
hypothyroidism. It is all the more surprising therefore

that these authors and Lerman (1948) did not also study the
 frequency with which the features might be found in euthyroid
subjects.

‘fhe diagnostic value of any finding must depend on a
comparison of its occurrence in normal and abnormal individuals.
The results show that few of the typical symptoms and signs are
present in healthy subjects with significant frequency. Some
of the more non-specific features, however, were found
sufficiently often to show that their presence in a patient
suspected of hypothyroidism is of no diagnostic value. Joint
pain, for example, was present in 29% of all hypothyroid casee
and iﬁ 24% of the “normal" subjects. It is clear also that
the finding of isolated signs, such as hoarseness or coldness

of the skin, must be interpreted with caution.
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A final evaluation of the diagnostic importance of the‘
clinical features can only be obtained when the patients
causing diagnostic difficulty are considered. 4s might be
expected, the difficulty in establishing the diagnosis :in
those proved finally to be hypéthyroid arose frequently
because the clinical picture of "classical" hypothyroidism
was incomplete. Although assessment of the duration of
hypothyroidism is usually difficult since it depends so
largely on the fortituée*.of‘the individual, the period of
ill-health tended in general to be shorter in the "@oubtful
Hypothyroid" group than in the "Definite" group. In many
instances, therefore, it is likely that the "incomplete"
clinical picture reflected the disorder at early stages in
its development. The frequency with which symptoms and signs
occur in such patients accérdingly provides a guide to the
sequence in which they appear. Thus, the comparison of this
group with the "Doubtful Euthyroid" group provides the
clearest evaluation as to which of the symptoms and signs can
usually be taken to be of the greater value in establishing
an early diagnosis.

This comparison makes it evident that in the diagnosis of
hypothyroidism the finding of positive clinical signs is of
considerably more importance than the presence of symptoms.

Many of the patients who were finally proved to be euthyroid
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did have symptoms suggestive of hypothyroidism. "This, of
course, explains why thg condition was initially suspected,

but at the same time makes it clear that many of 'the

symptoms are in fact of much less diagnostic value than is
generally accepted. This may be illustrated by étudying the
incidence of "cold intolerance", which would appear to be

very significant, since it was present in 95% of all hypothyroid
patients. Its importance is, however, considerably reduced

by finding it in 64% of the "Doubtful Euthyroid" group.
Similarly, such symptoms as tiredness and weight gain, only
retain some significance since their frequency in hypothyroidism
is so high. Others like breathlessness and depression can be
seen to be of no diagnostic value at all. On the other hand,
the results do show that the finding of such complaints as
lethargy and recent constipation in a patient suspected of
being hypothyroid strongly favours the diagnosis.

When the frequency with which abnormal signs were found
in the two “"Doubtful" groups is examined, it is clear that
these form a pattern which is of considerable assistance in
making a diagnosis. In nearly every instance there is a
significant difference between the figures‘for the two groups.
This difference does, however, vary considerably between the
various signs. The degree of this variation reflects the

relative diagnostic significance of the signs.



22.

Conclusions

The true diagnostic value of any clinical feature may
only be determined after careful consideration. Such
factors as its liability to obsgrver error and the stage in
the development of the condition at which it most often
appears must be taken into account. It is essential to
compare the frequency with which it is found both in abnormal
subjects and in apparently healthy individuals. In addition,
its incidencein patients who have caused diagnostiec difficulty
must be studied. Only then is it possible to evalute the
significance which a clinician may place on the mesence or
absence of an individual symptom or sign.

Such an analysis of the clinical features that may be
found in hypothyroidism has made it clear that many of these
features are non-specific since they occur frequently in
euthyroid subjects. On the other hand, there are many
symptoms and signs very typicai of the disorder and of
considerable significance when encountered. Nevertheless,
some of these are only often found whern the condition is
fully established and ére therefore of less value to the
clinician who seeks an early diagnosis.

It is apparent that the symptoms of most value are

lethargy, tiredness, paraesthesiae, cold intolerance, decreased



sweating, dryness of the hair and skin, deafness,
constipation, décreased appetite and increased weight.
Similarly, special attention should be paid to
determining the presence.or absence of hoarseness, slow

movements, impaired cerebration, periorbital or supra-

claiicular puffiness, dryness of the hair and dry, cold,

coarse and yellowish skin.

Z?o
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CHAPTER 3

JATROGENIC HYPOTHYROIDISM
SYMPTOM AND SIGN ANALYSIS

Whatever trgatment is employed in the treatment of
thyrotoxicbsis, some patients will be rendered hypothyroid.
As in primary hypothyroidism, the clinical picture is often
clear-cut. In lesser degrees, however, it may be
overlooked barticularly since it differe somewhat from that
typical of the primary disorder. In this chapter some of

the olinical problems of the condition are éonsidered.

Subjects

This study was carried out in 53 patienfe who had become
hypothyroid as the result of therapy for proven thy:otoxicosis.
The condition was produced in 4 by anti-thyroid drugs and
followed thyroidectomy in 14. The remaining 35 had received
therapeutic doses of 1311. In all casesthe hypothyroid
state was clear-cut.

All the subjects who had received 1311 were reviewed at
4 to 6 weekly intervals after their dose. When hypothyroidism
was suspected, observation was continued for at least a further
12 weeks, if possible, before instituting therapy. In some

cases, however, the clinical state necessitated treatment earlier.
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In 4 of the 35 patients all evidence of hypothyrpidism
disappeared spontaneously. “There was partial improvement
in a further 13 cases, but some signs and symptoms persisted
and were relieved only after treatment was started. In the
remaining 18 patients the hypothyroid state showed no
tendency to remission. or became more marked.

In these 53 patients an analysis was made of the
frequency with which the symptoms and signs of hypothyroidism
were encountered. ‘he method and the criteria for the presence
or absence of the various features were the same as those
employed in the symptoms and sign analysis carried out in
ﬁrimary hypothyroidism and previously described, but, in
addition, the incidence of another sign - "muscle tenseness" -
was noted. this slgn was elicited by compressing the
muscles of the patient's forearm, mainteined in a relaxed
position, between the thumb and forefinger. 'he sensation
of tenseness, or firmness, was compared with that obtained by
similar examination of the examiner's own forearm. Record
sheets were completed whenever any symptoms of signs sufgestive
of hypothyroidism were first observed and thereafter at each
visit. The record used for the analysis was 'the one

completed when the hypothyroid state was most marked.
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Resul ts

The incidence with which the various features were
encountered are shown in Appendix III. Although the
numbers in each group are inadequate to allow accurate
comparison, there appears to be little difference attributable
either to sex or to the type of previous therapy. The
results have, therefore, heen considered together and the
percentage frequency with which the symptoms and signs
occurred are shown in fables 4 and 5. When these are
compared with the results obtained in all the patients with
primary hypothyroidism, it can be seen that in most instances
there is a close similarity between the incidence of symptoms
and signs. Lhose features which were shown to be of greatest
diagnostic importance previously, are also most often found in
the present series. In this group, however, the complaint
of "muscle weakness" occurred rather more often, 81% compared
with 61% in the primary disorder. ‘here is a significantly
greater incidence of "muscle pain” (72% and 36% respectively).
The physical sign termed "muscle tenseness" was found in 66%

of these patients.

Discussion

The recognition of iatrogenic hypothyroidism is essentially

clinical since, as will be shown later, the usual laboratory



tests of thyroid function cannot be relied on with any
certainty to provide confirmatory information.

Appreciation of the clinical picture is therefore important.
The clinican's task is, of course, easier in these
particular pﬁtients since they are usually already under
close observation. Thus, treatment with anti-thyroid drugs
is the least frequently encountered cause of this form of
thyroid insufficiency. Any symptoms suggestive of
hypothyroidism are readily relieved by reduction of dosage.
The incidence of hypothyroidism reported to follow

thyroidectomy varies (Bartels, 1953), but the figure of
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2.4% found in the series of 615 cases observed by Werner (1955)

is fairly typical. The conditiop is, however, generally
recognised as being much more frequently encountered after

radioiodine treatment of thyrotoxicosis. The experience of

most centres using this form of therapy is similar to that of

Blomfield et al (1959). In their study of 500 cases followed

for at least one year, the incidence of hypothyroidism was
12%. In view of the increasing use of radioiodine as the
therapeutic agent of choice in thyrotoxic subjects over 40

years of age, iatrogenic hypothyroidism is likely to be

encountered with increasing frequency. Even with increasing

131

experience in the use of I, it is unlikely that the

proportion rendered hypothyroid will be significantly reduced
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since prediction of the correct dose depends on so many
variable factors, some of which, such as the estimation of
gland size, are liable to considerable inaccuracy. In the
majority of cases, if hypothyroidism is to appear it will
be apparent within the first 3 to 6 months after the
therapeutic dose. Blomfield et al (1959), however, noted
its late development in a number of cases, the longest
interval being 5% years after therapy. In the present
series thyroid insufficiency had appeared within six months
in all but 2 cases, in whom periods of 10 and 18 months
elapsed before any evidence of hypothyroidism developed.

It is apparent from the symptom and sign analysis that
in general the clinical picture of the hypothyroid state which
follows therapeutic measures resembles that of primary
hypothyroidism. ‘*hus, those features which were shown to be
of most significance previously are again most commonly found.
Lethargy, for example, was a prominant feature in 85% of the
cases of primary hypothyroidism and in 83% of those following
anti-thyroid therapy. 1t must be remembered, of course, that
in the latter some symptoms are more difficult to evaluate
in view of their previous thyrotexic state. ‘there is
obviously some difficulty in assessing the significance or
degree of cold intolerance and decreased sweating in a subject

who recently has complained of heat intolerance and excessive
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sweating. Similarly, increase in weight and decreased
appetite are the changes to be expected in any patient whose
hyperthyroid state has been successfully treated. It may
be noted that a smaller proportion of the patients in the
present study showed the typical cutaneous manifestations

of hypothyroidism. Fewer also complained of deafness.
‘'hese differences may be explained on the grounds that,

when hypothyroidism follows therapeutic measures, patients
are subjected relatively quickly to & change to underactivity.
of the thyroid. ‘Lhe symptoms, therefore, appear relatively
rapidly and, since the patients are usually under medical
supervision, the condition is recognised at an early stage.
There is, therefore, less time for some of the chronic
manifestations to develop. These features, of course,

were found less often in the “Doubtful Hypothyroid" group
with a relatively short duration than in those cases where the
diagnosis was obvious. It might even be considered that in
view of the rapid omset of "iatrogenic hypothyroidism" thesme
features associated with more prolonged thyroid deficiency
have been found surprisingly frequently. This anslysis was,
however, carried out in cases where there was little clinical
doubt as to the diagnosis and that the record employed was
that obtained when the condition was most obvious.

It is clear from a perusal of the serial records that at
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an early stage in the development of their hypothyroid state
many patients complained of a sensation of "puffiness". Uthis
soon was followed by a feeling of tenseness and tightness
chiefly affecting the legs and arms, often constricting in
nature. Frequently this was accompanied by muscle pain,
precipitated ugually either by walking or repetitive
movements, and often of considerable severity. Some
experienced pain in the muscles at rest and some had nocturnal
crapps. This muscular pain is a curious phenomenon to which
attention was drawn by Kocher (1883) in patients foilowing

thyroidectomy and by Blomfield et al (1951) in 151

I treated
subjects, although the latter (Blomfield et al, 1959) have
subsequently been less impressed by this symptom. 1 he present
study confirms its existence as a highly characteristiec

feature of "iatrogenic hypothyroidism". Pain of this nature,
but usually much less troublesome, was present in 36% of the
patients with Erimary hypothyroidism, but was encountered in
72% of the patients with undoubted hypothyroidism consequent on
therapy. Similar aches in muscles of the arms and legs of
less marked degree had been present at some time in many of the
remaining 28%. They were also frequently experienced by those
demonstrated to have mild transient hypothyroidism and who

have not been included in the analysis. Many patients also

complained of impaired strength, especially in their arms.



These symptoms of muscular discomfort and pain, therefore,
are of the highest diagnostic significance. Any individual
previously treated for thyrotoxicosis, who complains of such
symptoms should be closely observed for the development of
other features of hypothyroidism.

When these complaints are encountered, examination of
the relaxed forearm or calf reveals a peculiar, but typical,
firmness of the muscles. These often feel very hard, as if
in maximal voluntary muscular contraction. It is difficult
to provide strict criteria for this sign, which was noted in
66% of the mtients in this study. Once the clinician is
aware of the typical quality of the firmness, however, he
will easily be able to detect its presence. It is readily
distinguishably from the infiltration of the subcutaneous
tissues by myxoedematous tissue found both in primary and
"iatrogenic hypothyroidism". The appearance of these
muscular disorders is clearly related to the raté of onset
of thyroid insufficiency, but the mechanism of their
production is unknown. Lambert and Sayre (1955) showed that
electromyographic abnormalities in thyroidectomised rabbitg
was accompanied by vacuolation of the muscle fibres and
hyaline degeneration. These changes were reversed by
tri~iodothyronine administration. Similar abnormalities
have been obse;ved in some patients with primary hypothyroidism

(Lembert, 1960) but no attempt was made to correlate their
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incidence with the severity of the disorder. or its rate
of onset.

A further impertant difference exists between primary
and iatrogenic hypothyroidism. In the former, it is
desirable to institute therapy at an early stage in its
developmenf in order to reduce the period of ill-health.

The hypothyroid state produced by treatment of thyrotoxicosis,
however, may in some instances be transient. Spontaneous
recovery was observed in 4 patients in this study and has been
noted in many other cases showing stigmata ‘of hypothyroidism,
but excluded from the analysis since in them the clinical
picture was incomplete. Therapy in such patients greatly
reduces the possibility of remission because of the
suppression of the thyroid remnant. 'he individual may,
therefére, be unnecessarily condemned +to lifelong treatment.
In this form of hypothyroidism, therefore, the recognition

of the stigmata of the disorder should be an indication that
the patient should be closely observed for apriod of several
weeks, if the condition is not unduly incapacitating, before

deciding on the permanent nature of the thyroid insufficiency.

Conclusions

The clinical picture of the hypothyroid state that

follows therapeutic measures resembles that of primary
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hypothyroidism in most respects. | It does, however, show
certain differences, probably relafed to the more rapid

rate of onset of the thyroid insufficiency. 'hus, the more
chronic manifestations, such as the cutaneous changes, are
less frequently encountered, while muscular changes,
characterised by a sensation of tightness, weakness and often
pain, are much more common. Whenever these symptoms are
encountered in a patient who has received anti-thyroid ff
therapy, a close watch should be kept for the development

of other stigmata of hypothyroidiam. Even when the c¢linical
picture is unmistakeable, however, it is desirable to withhold

therapy in order to observe whether the condition is transient.
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CHAPIER 4

"PITUITARY HYPOTHYROIDISM"

The clinical picture of multi-glandular insufficiency
resulting from pituitary failure will depend on the degree.of
destructibn of the pituitary. Thyroid function will nearly .
always be impaired, but the extent to which this occurs varies
‘considerhhly and the features of hypothyroidism are frequently
masked by the accompanying deficiencies of other glands. In
this chapter, therefore, the clinical picture of hypothyroidism

resulting from pituitary failure has been reviewed.

Subjects
The diagnosis of hypopituitarism was established in 15

patients, 14 of whom wére female. It was initially made on the
basis of the clinical findings and confirmed by laboratory
investigations. The response to treatment with thyroxine,
adrenal steroids and sex hormones was also observed. The
pituitary insufficiency resulted either from post-partum

necrosis or from chromophobe adenomata.

Results
The results of an analysis of the incidence of the

symptoms and signs associated with hypothyroidism, carried out
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by the method previous described, are shown in ‘Ttables 6 and 7.
It should be noted that because of the small number of cases,
large differences in the percentage incidence of symptoms

and signs are necessary before statistical significance
between this and other groups is achieved. Thus, a
difference of about 40% is usually necessary before statistical
significanée (P = 0.05) is attained. Nevertheless, it can
be seen that the incidence of symptoms in the primary and
secondary forms is very similar. Differences are only really
present in the relative frequency with which paraesthesiae,
hoarsensss and a sensation of puffiness occurred. In the
“pituitary" hypothyroid group, weight increase and dryness of
the skin was rather less often encountered. On the other
hand, considerable differences are apparent in the incidqnce
of physical signs. The skin was generally smooth, the hair
soft and fine rather than dry, and the appearance of
"puffiness’ was much less frequently noted. The systolie
blood pressure was less than 110mm.Hg in 9 patients; the

diastolic reading was below 70mm.Hg in 10.

Discussion
Ever since Simmonds showed in 1914 that a syndrome of
ill-health might result from & destructive lesion of the

anterior pituitary, this disorder has been thoroughly studied.
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In particular, the observations by Sheehan (1939) served
to delineate its characteristics. He demonstrated that
hypopituitariém frequently resulted from necrosis of the
ﬁituitary following post-partum haemorrhage. He also called
attention to the variability of the clinical manifestations
depending on the degree of pituitary destruction. Many
excellent studies of the clinical features héve been carried
out, for example by Fraser and Smith (1941) and Querido et
al (1954). It is clear that in the comple?e picture the
patient will present evidence of hypothyroidism, hypogonadism
and hypocortiéalism and increased insulin sensitivity. Such
8 picture is not always encountered. When the degree of
pituitary destruction is relatively mild the clinical
ﬁanifestations are proportionately less defined. In general,
gonadal failure is the first to occur. Thyroid failure usually
follows next and then adreno-cortical insufficiency ensues.
This order is not invariable and any one of the three may cause
the predominant clinicsl picture. Usually, however, as
Bscamilla and Lisser (1942) pointed out, some of the stigmata
resulting from each of the various glandular insufficiencies
will be encountered.

When, therefore, hypothyroidism occurs as part of the
syndrome of panhypopituitarism, the clinical features may

differ in several respects from those seen in the primary form
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of the disease. his is illustrated by the analysis of
symptoms and signs. those manifestations which depend

on alterations in integumentary structures were less marked.
The skin was less coarse and less frequently had a yellow
tinge. the appearance of "myxoedema" was less common and it
may be noted that symptoms which to a large extent are

caused by infiltration by "myxoedematous tissue”, such a=m
paraesthesiae and hoarseness, were less frequently encountered.
Nevertheless, although less obvious clinically, the deposition
of this abnormal subatance does occur and the histological
appearances of the skin are similar to those seen in primary
hypothyradism. The differences in the integumentary
structure seem, therefore, to be the result, in part at least,
of the other hormonal deficiencies. Such deficiencies in
themselves are associated with changes in the skin. in pure
pituitary dwarfism, lack of growth hormone produces a soft
delicate skin with silky hair. A smooth, soft, pale skin is
also typically encountered in hypogonadism, as in Klinefélter's
syndrome. Since, in hypopituitariem it is likely, as Hubble
(1952) suggests, that the production of growth and
gonadotrophic hormones is first reduced, the eventual thyroid
hormone deficiency willnaffect skin and related structures
that are already abnormal.

It is of considerable practical importance to be aware
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of these differences in the clinical features between
primary and secondary hypothyroidism. 1t is essential
that differentiation of the two conditions is made since
Castleman and Hertz (1939) and Means et al (1940) have
rointed out the possibility that the administration of
thyroid alone to patients with pituitary failure may
précipitate a crisis of adrenal insufficiency. Even if this
does not .occur, full vigour will not usually be restored until
treatment with adrenal steroids is also instituted. 1t
must, therefore, be emphasised that in some cases of partial
hypopituitarism, a8 in 4 patients in this series, the clinical
picture may be very similar to that occurring in primary
hypothyroidism. Clinical signs of other glandular
deficiencies may be minimal. 1Indeed, Richardson (1956)
states thét "any patient who is suspected of being myzoedematous
must also be regarded as a possible example of hypopituitarism".
rarthermore, when hypothyroidism is due to pituitary insufficiency,
full reliance canmot be placed on many of the laboratory
procedures commonly employed to demonstrate impaired thyroid
function.

1t is essential, therefore, in any case of hypothyroidism,
to enquire into any history of post-partum haemorrhage with
the characteristic failure to lactate and menstruate thereafter.

A pituitary cause should also be considered if hypotension is



found, or if impaired fields of vision are present.

Conclusions
- When thyroid failure is caused by pituitary

insufficiency the clinical features of hypothyroidism are
modified by the éccompanying evidence of other endocrine
insufficiencies. The consequent picture, however, does
in most instances present a typical pattern. Little
clinical difficulty, therefore, is usually experienced in
making the diagnosis, especially if the cause of the

pituitary destruction can be ascertained. In some cases,
the hypothyroid state may be dominant, being almost
indistinguishable from primary hypothyroidism and the

pituitary origin only suspected by obtaining a history of

post-partum haemorrhage, or by demonstrating evidence of a

pituitary tumour. The differentiation of the two forms of

hypothyroidism is necessary since the treatment of each

differs.
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CHAPTER
THE CLINICAL PICTURE

Since the early reports by Gull (1874) and Ord (1878)
the clinisal features of hypothyroidism have been frequently
describeﬁZ;hat the findings typical of the disorder are now
well recoénised. In the advanced case the physical signs are
usually obvious, but at earlier stages they may be much less
clear-cut and difficulty may arise in deciding whether or not
they are present. As pointed out in a previous chapter, it is
in these circumstances that errors may arise throggh observer
variation. This may be overcome by laying down strict criteria
for the symptoms and signs. The use of these, however, necessitates
the appreciation of the characteristics of each feature. Thus,
for example, when eliciting any symptom, appropriate supplementary
questions may only be asked if the observer is aware of the
manner in which the symptoms may afféct the patient's everyday
life. It is from this aspect, therefore, that the clinical
features of hypothyroidism are reviewed in this chapter.
Particular attention is‘paid to those which were shown in the

foregoing analyses to be of diagnostic importance. The frequency

with which each feature was encountered is indicated in parenthesis.;

In the Report of the Myxoedema Committee of the Clinical
Society of London (1888) 94 of the 109 patients were women and
15 men. In most subsequent series at least 80% of the

patients have been female.

T A N RS o 1< £ e et o o



In this study 121 patients were women and 22 were men. The
age at which the condition was diagnosed varied greatly, as
shown in Figure 1.

The most frequently encountered symptom resulting from
the generalised effect of decreased thyroid hormone is
“tiredness" (98%), although as has been already seen, it is
not specific to hypothyroidism. It has been used here to
describe the sensation of exhaustion experienced after
undertaking tasks previously undertaken without difficulty.
Since the majority of patients are women, their ability to
carry out housework provides a good reference standard on
whiph to base questions. Thus, they typically state that
they are unable to complete the work that usually has been a
daily routine for years. This is in part due to the
exhaustion that overtakes them and in part because of their
disinclination even to start work. In addition, they
frequently note how much lénger they require to finish even
e simple task. Complaints of "slowing up" are very typical,
especially in the milder cases, and are therefore of
considerable significance. ‘ihey vary from generalisations
such as "my housework has become a mountain" to more precise
exa@ples. Thus, one patient noted that her earnings as a
piece-workér had gradually, but steadily diminished, being,

of course, directly proportional to her production. Another
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patient was forced to abandon a part-time occupation as a
dance-band leader because of inability to "keep the beat".
The slowing may manifest in many ways that affect the tenor
of everyday life even presenting, for example, as difficulty
in crossing the road in safety. In many instances it
reflects the chaqges in cerebral function, in particular

the impairement of reaction time. In addition, however, the
stiffness and weakness of the muscles that frequently develop
plays aﬁ important part. This was apparent in a joiner,
whose first symptom was inability to climb scaffolding.
"Weakness" (61%) is difficult to distinguish from tiredness,
but may in fact be noted as decreased strength in lifting
ogjects such as pails and furniture. Impairment of grip

of the hands is commonly recognised, althbugh as will be seen
later (Chapter 6), this probably arises for different reasons.
Thus, some patients had noted an increased tendency to drop
objects, as for example a building labourer, who was
endangering his workmates by his inability to hold bricks.
Many hypothyroid individuals observed some difficulty in
performing simple tasks requiring a firm grip, such as peeling
potatoes. Clumsiness of movements arise from fhis weakness
in association with other changes, particularly the
myxoedematous infiltration causing typically "swollen" hands.

Consequent loss of precision leads to inability to carry out



intricate movements such as knitting or typewriting. Changes
in the quality of handwriting méy be obvious. If the patient
is observed while removing clothes, clumsy, ponderous and
fumbling movements (73%) may be recognised and are as important
diagnostically as the hyperkinesis of the thyrotoxic subject.
The muscles themselves, especially the larger groups, may feel
"tense" and some patients complain of a sensation of "tightness"
in them. "Cramps" (36%) may cause considerable discomfort,
although, as previously shown, these are more commonly
encountered in "iatrogenic hypothyroidism". They may occur
at rest, especially during the night, but are often precipitated
by exercise, especially of a repetitive nature, such as
brushing the hair.

Mental torpor was one of the features noted by Gull(1874)
and various other mental changes were soon recognised as
being of considerable importance. Thus in the Myxoedema
Committee's Report (1888), delusions and hallucinations were
found in nearly half the cases. In a large number insanity
was also noted, taking the form of acute or chronic manisa,
dementia, or melancholia with a marked predominance of
suspicion and self-accusation. Psychoses of this nature,
for which Asher (1949) coined the alliterative term
"myxoedematous madness", usually only occurs when the disease

is very advanced. Consequently, they are infrequently
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encountered today and may be overlooked when they do in fact
arise. Thus, hypothyroidism was only suspected in one
patient with depressive psychosis when she failed to derive
any apparent benefit from a full course of electro-convul®ive
therapy.

Since adequate circulating hormone is essential for
normal cerebral function, any reduction will quickly result in
mental change. Consequently, at an early stage in the
development of hypothyroidism, evidence of impaired
cerebration will become apparent. Although this may take
various forms, these are all very typical of the disorder and
are most important diagnostic features. The most frequently
encountered symptom of this nature is"lethargy" (85%), a
disinclination to start any tasks which have previously been
carried out routinely. It is important to distinguish
this mental tiredness, present before any work is even started,
from the physical exhaustion resulfing after exertion.
whereas many patients complaining of being easily tired are
frustrated at being unable to complete their work, the
hypothyroid subject becomes indifferent to whether it is done
or not. She may remark that she has become 1azé and that
she *just cannot be bothered to get on with thinga".' Changes
of this nature in a previously active person are of

considerable significance and may show in various ways. The
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patient, or especially the relatives, may observe the
difference in the cleanliness or tidiness of the house.

bkven small tasks like washing dishes or clothes may suffer
from this characteristic procrastination. In the early
stages the patient is often able to "drive herself" to carry
out her duties, but as the condition develops she is more and
more loathe to leave her chair to do anything. Marked
somnolence may be noted. This is often marked during the
day, even in subjects who also complain of insomnia.

Frequently the changes in mental function may show as
increasing indifference and disinterest. This may be reflected
in the personal appearance and is often of importance in the
younger woman who has previously been "dress-consciou#) but who
no longer takes any care in being tidy or neat. Similar
changes in habit may be shown by loss of interest either in
general pursuits or in special hobbies. One man, for example,
_had played football for many years and later had been a referee.
When he beceme %00 old for this he had become a spectator
atfending regularly every week. With the onset of hypo-
thyroidism, however, his life-long interest in this sport waned
and he no longer attended any match or even watched the game on
television, the inventions of this age, such as wireless and
television command such universal attention that listening and

viewing have become national habits so widespread that it is
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well worth questioning any patient about any differennes.
in their adherence to these forms of entertainment.

The reterdation of cerebral function, however, may
especially affect those processes in which intellectual .
agility is involved. In general, such changes are most
apparent where the intellectual exercise required is
greatest. For this reason, the earliest abnormality noted
by one patient, a chartered accountant, was difficulty in
carrying out complex calculations which previously had
presented no trouble. This in part was due to impaired
concentration which more frequently may be recognised by
such symptoms as disinclination to read or difficulty in
solving crossword puzzles. A more unusual presentation was
illustrated by the pharmacist who found herself unable to
decipher doctors' prescriptions, a feat for which she had
previously been renowned. Inpaired memory (65%) may also
be apparent.and be of variable degree. In the earlier
stages it usually is seen as mild forgetfulness, so that the
housewife forgets important items when shopping, or mislays
her handbag frequently. Difficulty in remembering recent
events is common and may be embarrassing, especially if the
patient is working. It resulted in considerable difficulty
for a civil servant in whom the increasing hypothyroid state
was accompanied by an increasing inability to remember correctly

the governmental forms appropriate for various situations.



the hypothyroid patient may be unaware of the mental
slowing until specific questioning results in recollection
of the changes that have insidiously affected everyday life
in work and play. They are, however, highly characteristic
and, of course, diagnostically important since they will be
present at an early stage in the development of the disorder.
the clinician is, therefore, well rewarded for the patience
required to obtain adequate history. The impaired cerebration
(48%) soon becomes apparent as the poor memory of the patient
results in long cogitation before any answers are provided.
The personality of the hypothyroid subject varies greatly.
In some cases there is stubborness which is accompanied by a
refusal to admit to anything. ‘he majority, however, are of a
very cheerful disposition, almost childlike in their
willingneés to be amused at the simplest remarks. Often too
they are very garrulous, talking incessantly of minor affairs
of little relation to their symptoms. It is often only with
difficulty that they can be interrupted and the conversation
brought back to matters relevant to their condition. AB
the condition progresses they become increasingly apathetic
and depressed, with resulting indifference to the observer's
questioning. Ultimately the patient will be more and more
stuporose and finally hypothyroid coma will result from the
combination of advanced mental changes, hypothermia and adrenal

failure.
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The hypothyroid state may also manifest by other
alterations in the nervous system. Thus, for example,
impaired hearing is common (40%). Howarth and Lloyd (1956)
showed that this deafness is frequently perceptive, but it
may also be of a middle-ear type, presumably due to local
myxoedematous infiltration. It is clearly of considerable
diagnostic significance especially when of recent onset in
younger women. In such circumstances hypothyroidism must
be considered as a possible cause since treatment will produce
rapid relief. Other sensory disturbances may be experienced
and not uncommonly the hypothyroid patient complains of a
“bad taste". Dizziness and vertigo may also be encountered
although rarely of a distressing degree.

It is clear from the symptom analysis that a symptom
which occurs with considerable frequency is paraesthesiae (56%).
This has been previously recorded as occurring in hypothyroidism
but is usually ascribed to "peripheral neuritis" and little
attention has been paid to it. This symptom was, therefore,
studied in a special investigation which will be discussed
| separately in the next chapter. More attention has previously
been paid to the tendon reflexes which may be found to be
prolonged, with a characteristic delay in relaxation. This
was first noted by Chaney. (1924), but is now generally
referred to as "Woltman's sign of myxoedema'. Although these

changes are usually obvious in the advanced case, they are less



easy to demonstrate unequivocally by conventional clinical
methods at earlier stages and are, therefore, of limited
diagnostic value. In mapy studies of this phenomenon,

for example that by Lambert et al (1956), elaborate equipment
has been required. Lawson (1958), however, described a much
. more simple technique and suggested its use as a diagnostic
procedure. Subsequently two types of apparatus have now
become commercially available in the United States and are
fairly extensively employed in the routine investigation of
guspected hypothyroidism.

The apathy of the hypothyroid patient leads also to a
disinclination to eat. The loss of appetite (40%) is in
addition due to the general‘hypometabolism with reéulting lowered
food requirements. Just as decreasing weight despite
exceasive appetite should'suggest thyrotoxicosis, so the finding
of a combination of anorexia with rising weight should suggest
hypothyroidism. Although it must be remembered that an
increased Qeight may be found in many patients in the poste
menopauaql years, this is even more frequently encountered in
hypothyfoid patients, as shown by the symptom analysis. Means
(1948) considered fhat some degree of slight obesity was
present iﬁ over 80% of patients. Although,spence (1950) stated
that obesity is not the rule, most suthors do agree that the

hypothyroid subject is usually overweight. Since obesity is



difficult to define, they have therefore studied the excess
weight over the normal average. Thus, Plummer (1940) found
that 62% of 200 patients with hypothyroidism were above the
mean of normals, the average excess being 10.1 lbs. After
treatment there was an average loss of 13 1lbs. Baron (1956)
also studied the weight before and after therapy and concluded
that there had been an average gain of 6 1lbs. as the result

of hypothyroidism. He noted that 63% of hypothyroid patients
were above the standard mean, but pointed out that 43% of
normals were also above the mean because of the positive
skewness of the distribution curve. Because of this, it is
fairly generally accépted that significant obesity is only
present when the patient's weight is over 20% sbove the normal
average. Figure 2 shows the distribution of the weights of
88 hypothyroid patients in the present study expressed as a
percentage of the average weight for sex, age and height
(Appendix IV). This has been obtained by using the
nomogram relating height and weight at different ages devised
by Wang (1957) from the tables of the American Medico-Actuarial
Mortality Investigation. It may be seen that the weight

of 25% of these patients was greater than 20% above the

normal mean, indicating a significant degree of obesity.

Moreover, the majority (73%%) do lie above the mean

and it is of interest therefore to observe that in the symptom



analysis 76% of all the patients considered that their
weight had increased. Nevertheless, it should be
remembered that some patients were underweight, although
only one was less than 20% below the normal average. There
was no apparent relationship between the amount that patients
were overweight or underweight and the severity of the
hypothyroidism. Baron (1956) was also unable to demonstrate
any such correlation. The patients themselves frequently
are aware of the increase in weight either by weighing
records or by becoming conscious of increasing constriction
by their clothes. They may complain of a sensation of
"tightness" around the abdomen. The development of the
typical facies, however, is so gradual that the patient, her
relatives and friends and even the doctor, may be unaware of
the change, until a certain degree is reached at which the
alterations are suddenly recognised. The stage at which
this occurs varies greatly and depends to a large extent on
the severity of the mental changes. Often there is
realisation that the features have become different only
when attention is specifically directed to them by direct
questioning by a hospital physician to whom, seeing the
patient for the first time, the appearance is pathognomonic.

Several patients in this series had become aware of facial
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alterations by chance when perusing old photographs.
Comparison of photographs was recommended by Asher (1955)
and this "photograph test" is particularly of value in
assessing the response to a therapeutic trial. In the
advanced case the physiognomy is, of course, characteristic
and has been variously described, such terms as "bloated" and
"mask-like" being common. In particular, the periorbital
tissues become so infiltrated that the eyelids become swollen
and have a peculiar watery4or pearly lustre. The upper lid
may become so enlarged as to encroach on the visual fields.,
This periorbital pufﬁiness (86%) often is apparent at an
early stage, especially being evident as sacs of loose skin
below the eyes. This sign is less liable to observer
variation than an impression of "puffiness of the face" (95%).

Pallor (50%) may be present suggesting a much greatér
degree of anaemia than the mild degree that usually exists.
As will be seen later, varying degrees of carotenaemia are
firequently present and result in a yellowish pigmentation (48%).
These changes in the skin colourstion may have been noted by
the patient herself because of difficulty in obtaining cosmetics
of the appropriate shade with consequent changes from those
previously used.

In his original description of cretinism, Curling (1850)

was markedly impressed by the supraclavicular pads of fat.
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Indeed, his report is titled "Two cases of absence of the
thyroid body, and symmetrical swelling of fat tissues at the
sides of the neck, connected with defective cerebral
development”. The reasons why these particular pads should
appear remains obscure. although it is not a consistent
finding in hypothyroid subjects (57%), it is much less
frequently present in obese patients in whom diagnostic
difficulty is not uncommonly encountered. Similarly,
"puffiness” at the wrists is more often found in hypothyroid
patients. This possesses a firm, spongy quality when pressed.
A similar firm sensation may also be experienced on palpation
of the upper chest. These findings indicate infiltration
with pyxoedematous tissue. This also results in thickening
of the skin, so that,on pinching,difficulty is experienced

in lifting a loose fold. The skin is also cold (80%), dry
(79%), and rough (70%). ‘he coarseness may be demonstrated
most readily by examining the elbows where the skin is
normally thicker and wrinkled. In hypothyroidism, bowever,
it becomes very keratotic, resembling "elephant-hide". ‘'the
patient frequently has noted the scaling herself (77%) by
observing flakes of dry skin falling when removing her stockings.
These dry scales may be produced by gentle rubbing, especially
on the back of the forearms.

Other integumentary structures may be affected by the lack
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of thyroid hormone. ‘ihe nails, for example, may have been noted
to require paring less often and to be more liable to break
easily (41%). On examination they may be seen to be brittle
(24%), thickened and often have rough, longitudinal

striations (31%). The hair typically becomes dry (62%) and
tends to fall readily (41%). Lose of hair is difficult to
evaluate unless of a gross degree, such as usually only
occurs in the advanced case. A change in the quality of

the hair is of greater significance., Thus the patient may
have noticed that her hair has become lifeless and limp and
that as long as she retains any interest in her appearance,
she has increasing difficulty in keeping it tidy. In
particular, many observe that '"permanent waves" preserve

their shape for much shorter periods. Haircuts become
necessary only at very long intervals. The loss of hair

may manifest first as thinning of the eyebrows (84%), but as
previously discussed, this sign is too frequently encountered
in normal subjects (58%) for it to retain much diagnostic
significance. knlargement of the tongue is also commonly found
in hypothyroid subjects (60%), but again is of limited
diagnostic significance, in view of the difficulty in deciding
whether or not the sign is present. This enlargement plays

a part in the production of the typical speech of the

hypothyroid patient causing slowness (56%) and slurring of
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words. In addition, infiltration of the vocal cords and
nasal passages results in the thick, nasal deep quality
of the voice (87%) which asher (1949) described as
resembling'a bad gramophone record, running down, of a éroway,
slightly intoxicated person with a bad cold and a quinsy".
At earlier stages, weakness or huskiness afe typical changes
(74%). Consequently, several patients had noted that they
were no longer able to sing and others observed that their
voices had become so husky that there had been difficulty
in being heard on the telephone.  The thickening of the
nasal passages also may result in an increased tendency to
snore. This does appear to be present frequently, but was
not included in the symptom analysis in view of the obvious
potential witness variations. In fact, several relatives
spontaneously mentioned that they heard the noisy snoring
and one patient had actually been told about it by her next-
door neighbour. It was so marked in another case that she
had to be moved out of the ward to a lecture-room at night
in order to permit the rest of the patients to sleep.

the general hypometabolism is accompanied in most cases
by an increase in intolerance of cold (95%). This symptom
is usually elicited easily by specific questioning regarding
any changes in clothing habits, need for more blankets or the

use of hot water bottles. A8 the condition advances, so the
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desire for heat increases to an inordinate degree which is
much more marked than the normal preference for warmth
existing in most subjects in this country. ‘the patient,
therefore, admits that she spends much of her time huddled
over the fire. Confirmation may frequently be obtained by
finding “erythema ab igne" on the legs. In bed,
characteristically the patient may be seen hiding under a
mound of bed-clothes with only her eyes and nose to be seen,:
the "snug sign" described by asher (1955). Specific
questioning also may elicit the fact that sweating has markedly
 decreased or virtually disappeared even in circumstances that
would have produced it previously (68%).

The effect of hypothyroidism on the cardio-vascular system
produces remarkably few changes apparent on clinical
examination. As has been seen, bradycardia may be present,
47% of the patients in this series having casual pulse rates
less than 69 per minute. hevertheless, the rate was over
80 per minute in 21%. The diagnostic value of counting the
sleéping pulse rate is considered separately (Chapter 7).

The changes in the blood pressure have been studied by various
authors. Most have considered, like Means (1948), that the
pressure is extremely variable from case to case. He
considered tﬁat although the classic finding is probably
hypotension with low pulse pressure, both the systolic and

diastolic pressure may be elevated in a considerable number of



patients. In the present series similar findings have been
encountered. The results have, however, not been fully
enalysed since it is clear that the blood pressure is of
little diagnostic significance as moderate hypertension,
especially systolic, is so frequently found in euthyroid
patients in the same age groups as most of the hypothyroid
cases. 1t may be noted, however, that Thompson et al (1931)
showed that in patients who had previously been hypothyroid,
the incidence of hypertension after treatment is higher than
in the general population. ‘'he heart sounds often are distant
and of poor quality. This is in part due to the obesity which
glso makes difficult any convincing clinical demonstration of
‘eardiac enlargement. blight ankle swelling may be encountered
but a full picture of congestive cardiac failure is rarely
seen. Means (1948) considered that it only occurs in
hypothyroidism when another heart lesion is present. ‘'hus,
elthough pitting enkle oedema has been recorded by various
authors and was found in 5 patients in this series, it was

only found in one subject to a marked degree. She also had
marked venous congestion, pleural effusions and ascites.
Yreatment with thyroxine, digillis and mercurial diuretics
resulted in improvement in these features as well as her
thyroid state. Attempts to withdraw the diuretic therapy,

however, resulted in deterioration of the cardiac condition

5T.
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once again. [Even when she became euthyroid it was clear
that thyroxine therapy alone was inadequate and that she
required continued digitalis and diuretics.

Peripheral vaso-motor disturbances resulting in
complaints of a Raynaud-type phenomenon occurred in some
patients. This symptom was initially included in the
symptom-analysis, but was later discarded because of the
difficulty in discriminating accurately between it and cold
intolerance.

The effect of hypothyroidism on other systems may
similarly result in changes of a vague and inconstant nature.
Yhus, constipation (54%) is the only evidence of alimentary
upset found with any significant regularity. It is, of course,
only of diagnostic importance if of recent onset or markedly
increased iﬁ severity. tlatulence, however, may in some
be an embarrassing and distressing symptom.

The symptom analysis showed that menstrual upset may
occur; abnormal uterine bleeding was present in 6 of 18
pre-climacteric women. Goldsmith et al (1952) showed that in
7 of 10 hypothyroid subjects there was no evidence of
ovalation and considered that this resulted in a continuous
oestrogen effect. Their findings also explain the low
fértility of hypothyroid women, although this is also the result

of impaired libido. Decreased sexual desire was in fact an
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early symptom in many of the men and pre-climacteric women
and was restored by treatment. Although there is no
convincing evidence that thyroid therapy is of any value

in the treatment of sterility in general, the studies of King
and Herring (1939) do suggest that it may be indicated in some
cases of habitual abortion. Hoet et al (1959) also consider
that mild degrees of maternal hypothyroidism are responsible
for a number of congenital abnormalities. In such
circumstances, therefore, if no other aetiological factor can
be discovered, investigation of thyroid function is warranted.
It should be remembered that although amenorrhoea may occur in
primary hypothyroidism, this is much more commonly encountered
when the impaired function is the result of pituitary

insufficiency.

Conclusions

The clinical picture as it has been observed in varying
degrees of severity in the course of this investigation has
demonstrated that, although many of the symptoms and signs of
hypothyroidism may be ill-defined, others result in
characteristic alterations producing changes either in the
everyday life, or in appearance. Such an alteration permits
greater accuracy in the identification of a clinical feature.

Accordingly, in any patient suspected of being hypothyroid



especial attention should be paid to deciding whether

any such feature is present or absent, particularly if it
ig also among these symptoms and signs most frequently
occurring in proven hypothyroidism. ¥or this reason, it
is suggested that the changes in cerebral function produced
by thyroid hormone deficiency play a considerable part in
clinical assessment.

Nevertheless, since similar symptoms and signs may
occur in conditions other than hypothyroidism, the finding
of any one by itself is only really of significance in that
it should lead to the condition being suspected. It is
when these features are present in association that they

build up a composite pattern typical of the disorder.

60.



CHAPTER 6

_ACROPARAESTHESTA IN HYPOTHYROIDISM

‘Parasesthesia is not generally recognised as being a
symptom commonly encountered in hypothyroid states. However,
a8 has been shown in the symptom analysis, it does in fact
occur frequently, 56% of the patients studied having this specific
complaint. Although various authors have noted the presence
of paraesthesia or similar symptoms, few have paid much
ﬁttention to it. When therefore the high incidence of this
complaint became evident at an early stage in this study, it
was considered that closer examination was warranted. The
clinical and experimental findings obtained in this special

investigation are presented in this chapter.

Subjects and Methods

This investigation comprises 35 consecutive patients
observed in the course of the general study. The diagnosis
of hypothyroidism was established in each as previously
described. In these patients, particular care was taken in
determining the exact nature of any sensory phenomena and in the
examination of motor and semsory function in the hands. The
cases were classified at this stage as minimal, mild, moderate

or severe, on the basis of the general clinical picture and the
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B.M.R. It may be noted that to facilitate presentation

in this chapter the patients have been numbered in the order
studied rather than by the numbers finally allotted and used
in the appendices{

Examination by an electromygraphic method (Simpson, 1956)
was carried out in 11 patients. The conduction velocity of
the median and ulnar nerves was measured by recording the time
delay of the muscle-action potential (of the abductor pblliois
brevis and of the abductor digiti minimi muscles respectivély)
after supramaximal electrical stimulation of the nerve at elbow
and wrist. Coaxial needle-electrodes or silver-disc surface
electrodes were used with conventional amplification and
cathode-ray oscilloscope recording techniques. The method and

the type of record obtained are illustrated in Figure 3.

Results

. Paraesthesia - of the 35 patients, 26 complained of
paraesthesia of the fingers. This was usually described as
numbness or pins-and-needles and tended to occur either during
certain activities, e.g. sewing, knitting or washing clothes,
or during the night when fhe tingling was often sufficient to
prevent sleep or to rouse the patient from sleep. It was
usually present on waking in the morning and passed off so&n

after rising. Sometimes an "electric shock" sensation was
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noticed if an affected finger suddenly touched a hard object.
Both hands were involved in 20 patients. Beventeen patients
stated that the little finger and sometimes also the ring
finger were not affected by paraesthesia. Seven described
involvement of all their fingers and 2 patients described
numbness restricted to the ulnar side of the hand. Motor
symptoms were more difficult to assess. Most of the patients
described the clumsiness of manipulation which is well
recognised in hypothyroidism, but 8 patients described marked
ioss of power of finger-thumb grip and wasting of the hand
suggestive of genuine paresis. Only 2 patients mentioned
occasional tingling of the toes.

Sensory Impasirment - Clinical examination showed evidence
of sensory impairment to be'present in 8 cases. Six of these
and 2 further cases without sensory loss showed muscle atrophy.
‘'he sensory impairment was invariably on the radial side of the
hand.f' Appreciation of pin-prick was reduced on the pads of
the thumb, index and middle fingers and there was hypoaesthesia
for light touch on the same fingers and the radial half of the
ring finger, sometimes extending proximally to the palm of the
hand. In one case, the dorsum of the radial part of the hand
was similarly affected, but in all thé others the changes were
confinéd to0 the palmar surfaces. No demonstrablé sensory

changes were noted in the distribution area of the ulnar nerve.
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Motor Changes - The motor changes usually consisted in
weakness and atrophy of the abductor pollicis brevis and the
opponens pollicis muscles. One patient had wasting of the
first dorsal interosseous muscle of the right hand, and in
another fasciculation of the flexor pollicis brevis was
observed. All these muscles are wholly or in part supplied
by the median nerve. Thus all the objective sensory and
motor findings pointed to a lesion of the median nerve.

Electromyography - On electromyography with coaxial

needle-electrodes, the classical signs of partial denervation
(spontaneous fibrillation and reduced motor-unit activity) were
noted in 5 cases with objective weakness. These manifestations

were confined to the radial border of the thenar eminence,

except in one case with fibrillation of the first dorsal interosseous
muscle, which sometimes receives fibres from the median nerve
(Rowntree, 1949).

Conduction velocity - Conduction velocity determined by the

method described was examined in 11 cases. Table 8 shows that
the conduction-time of the median nerve was much increased in 3
cases, and that this increase was always due to a delay
.peripheral to the wrist-stimulating cathode. ‘he conduction
time between the two points on the nerve, obtained by subtraction,
was normal in every case. In 4 other cases the conduction-time

in the distal part of the median nerve was a little longer than
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is found in normal subjects, but the equipment used in the
present work did not allow for measurement to an accuracy
greater than 1 m.sec. However, it is important to state that
no unusual retardation was ever detected in the ulnar nerve,
even in the first 3 cases mentioned.

Carpal Tunnel Syndrome - The clinical and electromygraphic

findings indicate that the neuropathy is restricted to that
part of the median nerve distal to the wrist and is comparable
in every way to the common carpal tunnel syndrome. In one
patient, acroparaesthesia of the right hand had been promptly
relieved by division of the flexor retinaculum six months
previously. When she came under medical supervision moderate
hypothyroidism was apparent. Weakness of her right abductor
pollicis brevis was still present. She had recently begun

to complain of tingling of the finger-tips of her left hand at
hight. No objective clinical or electromyographic changes
were found. he symptoms disappeared when her hypothyroidism
responded to treatment.

Helation of nNeuropathy to Severity of Hypothyroidism -

No correlation was noticed between the presence of neuropathy
and the severity of the hypothyroidism. Indeed, many patients
with neuropathy were only considered to have mild hypothyroidism
whereas the most severely hypothyroid patient in the whole

series had no neuropathy. On the other hand, a clear



relationship was established between the clinical response
to treatment of the hypothyroidism and the disappearance of
the acroparaesthesia.

Follow-up - At the last sg?vey 30 of the 35 pétients
had become euthyroid. Only 3 of these 30 still noticed
occasional nocturnal paraesthesia. One had atrophy of the
thenar muscles and this was unchanged. 'he other 27 were
normal. Four patients were still graded as "mild
hypothyroidism'"; one of these had no change in the acro-
paraesthesia, the 3 others still having it occasionally. One
case was still considered to be "moderately severe" with
acroparaesthesia unchanged.

One of the histories is of particular interest (Table 9,

Case 12). Bilateral median paraesthesia had been very

persistent in a woman with moderate hypothyroidism. When this

was treated with tri-iodothyronine the neuropathy disppeared.
When treatment was changed to thyroxine she had a temporary
relapse, du}ing which paraesthesia returned, but it finally
disappeared when control of hypothyroidism was regained.

Body weight - The patient's weight appe;rs to be of
greater significance than the degree of hypothyroidism.
Selected cases illustrating this trend are shown in Table 9,
which shows that severe hypothyroidism without excessive

body weight is not accompanied by acroparaesthesia (Case 6),

66.
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whereas, very slightly hypothyroid patients have this
symptom if they are overweight (Case‘4), and good metabolic
response to treatment is not associated with recovery from
acroparaesthesia if there is not significant loss of weight
(Cases 4, 8 and 14). One man (Case 13) with severe
myxoedema and bilateral median paraesthesia, with clumsiness
of the hands, lost 14 lbs. weight in three weeks when treated
intensively with tri-iodothyronine. Within that period his
paraesthesiae disappeared and have not returned.

Restoration of Nerve-conduction Velocity - This was seen

in one of the most severely affected patients (Case 2). The
patient, a woman with "moderately severe" hypothyroidism had
bilateral paraesthesia and sensory loss of median distribution
in her right hand. Movements of her thumbs were clumsy, but
quite powerful. No obvious wasting was present, but
electromyography disclosed partial denervation of the right
abductor pollicis brevis muscle. Conduction velocity of the
right median nerve distal to the proximal palmar crease was
greatly diminished, though the velocity above this point was
normal (Table 8). Treatment with thyroxine achieved
clinical cure of hypothyroidism, the patient lost 19 lbs.
weight, the median nerve symptoms disappeared and the

conduction velocity returned to normal (Table 10).
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Discussion

Peripheral-nerve disorders in hypothyroidism are not
widely recognised. The standard textbooks on neurblogy
(Wilson, 1955; Brain, 1955) list hypothyroidism among the
causes of peripheral neuritis, but no references to original
papers are given, and it is not clear whether the tabulation
represents the personal experience of the writers. From the
context, it appears that generalised peripheral neuritis is
intendéd rather than the more restricted syndrome termed
"acroparaesthesia" which is, by usage, confined to paraesthesia
of the hands (Kremer et al, 1953). The diagnosis of
hypothyroidism is doubtful in the two cases reported by Currier
and Brink (1948) to show correlation between multiple neuritie
and hypothyroidism. Their first case developed & neuropathy
ten years after thyroidectomy. The B.M.R. was -27%, but the
blood-cholesterol was 80mg per 100ml. There was also a history
of macrocytic anaemia. Free hydrochloric &acid was present in
the gastric juice, but steatorrhoea was not excluded. Treatment
with thyroid extract caused "little change", but there was
delayed improvement. In their second case hypothyroidism was
diagnosed although the B.M.R. was only -8%, because the yellow
colour of the patient's hands was considered characteristic of
carotenaemia. This patient had aﬁ acute paresis of all limbs,
with retention of tendon reflexes and a zone of sensory deficit

along the dorsal spine. This unusual syndrome was regarded by
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Currier and Brink as a manifestation of polyneuritis, but they
admit that neither of their cases conforms to accepted
criteria.

Paraesthesia of the hands in hypothyroid patients has.
been mentioned by some workers (Williams, 19503 Werner, 1955;
Soffer, 1956), but has not been studied in detail. Few patienfs
presented with paraesthesia as their primary complaint, but it
was spontaneously mentioned by several others. On questioning
it became clear that in most of them the paraesthesiae were
indeed distressing, but the degree of dimability was difficult
to assess in some in view of the mentel lethargy. The mental
state also made the determination of sensory disturbances
difficult in many patients. Nevertheless, investigation
disclosed a high incidence of symptomatic disturbances and many
demonstrable motor and sensory changes confined to the hands.
Sensory'ioss occurred exclusively in the part of ome or both
hands supplied by the median nerve; motor phenomena involved
only muscles in the hand supplied completely, or in part, by
the median nerve. A few patients complained of paraesthesia
involving the ulnar part of the hand. It is impossible to be
dogm;tie about subjective phenomensa, but it should be noted
that similar complaints are common in the carpal tunnel syndrome
(KEremer et al, 1953).

The clinical findings thus indicated a lesion of the median
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nerve in its distal part in all respects similar to that
recognised as the carpal tunnel syndrome. It was therefore
of interest to find that the electromyographic study revealed
that some of these patients had slowing of conduction
restricted to the most peripheral part of the median nerve,
but not involving the ulnar nerve. The changes are those
described by Simpson (1956) in the carpal tunnel syndrome.

In none of the patients was there any evidence of a
generaligsed diminution of the rate of conduction of the nerve
impulse. This confirms the observations of Lambert et al (1951).
. These workers considered that the action potential elicited
reflexly by tapping a tendon appeared after a normal delay,
suggesting that the reflex arc and hence the nervefibres,
conducted with normal velocity. Further evidence that
metabolic change in the nerve does not provide an explanation
for the peripheral nerve symptoms is seen in the lack of
correlation between acroparaesthesia and the severity of
hypothyroidism. On the other hand, there does appear to be a
strong relationship between the symptoms and weight gain. Since
the abnormalities found in both the clinical and experimental
studies are identical with those encountered in the carpal
tunnel syndrome, it is reasonable to conclude that acro-
paraesthesiae in hypothyroid subjects result from pressure on

the median nerve by myxoedematous tissue under the flexor
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retinaculum. This view gains support from the relief
obtained by operation in one case. Consequently, in view
of the frequency with which this complaint was encountered
in hypothyroid subjects, it must also be suggested that in
any patient in whom the carpal tunnel syndrome is discovered,
the possibility of hypothyroidism should be considered and

encluded;

Conclusions

Median nerve acroparaesthesiae and paresis are common
in hypothyroidism. | There is no generalised abnormality of
nerve conduction, but slowed conduction in the median nerve
at the wrist can often be demonstrated. The clinical and
experimental findings indicate compression of the median
nerves in the carpal tunnels.

The paraesthesiae and paresis are probably caused by
accumulation of myxoedematous tissue under the flexor

retinaculum of the wrist.
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CHAPTER

THE SLEEPING PULSE RATE IN HYPOTHYROIDISM

For many years sleeping pulse rate has been considered a
useful diagnostic feature in thyrotoxicosis, most authorities
agreeing that thyrotoxic tachycardia is distinguishable from
the functional variety by the fact that it does not fall in
sleep. A study of'the sleeping pulse rate in thyrotoxicosis
carried out by Crooks and Murray (1958) established the ranges
of normality and showed its value as an aid to the diagnosis
qf thyrotoxicosis. It appeared likely to be of interest to
éxtend this investigation by studying the sleeping pulse rate
in hypothyroidism, not merely since this is the antithesis of
thyrotoxicosis, but also because a bradycardia may be found in

hypothyroid patients when awake.

Subjects and Method
Of the 197 subjects studied, 63 were hypothyroid, 25 being

initially in the "Doubtful Hypothyroid" group. Sleeping
pulse rates were also obtained in 134 euthyroid subjectis;
27 wére in the "Doubtful Euthyroid" group and the remaining
107 were hospital patients with varied disorders, but without
evidence of any thyroid disorder.

Nurses were instructed to count the radial pulse for one

minute at any time during the night that they were satisfied
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that the patient was asleep. The sleeping pulse rate of
patients admitted to hospital for full investigation of their

thyroid function was taken as the mean of the three lowest

figures rebtorded.

Results

The distribution of the sleeping pulse rates is shown in
Figure 4. It can be seen that although the pulse rates of the
hypothyroid patients are in general slower than these of
euthyroid individuals, there is a considerable overlap between
the two groups. Thus in the range 60 to 72 beats per minute
there are 40 (63%) of the 63 hypothyroid patients and 81 (59%)
of the 137 euthyroid patients. Outwith this range, however,
the sleeping pulse rate is of some diagnostic significance.
Rates of iess than 60 beats per minute were found in 20 (32%)
hypothyroid patients, but only in 3 (2%) of all the euthyroid
subjects. Conversely, 50 (37%) of the latter group had pulse
rates greater than 72 beats per minute; whereas only 3 (5%)
of the hypothyroid cases lay in this range. There was no

significant difference in the distribution between the two

hypothyroid groups.

Discussion
Crooks and Murray (1958) pointed out that although the

recording of the sleeping pulse rate has for many years been



14.

recommended in the investigation of thyrotoxicosis, its use
was limited since no ranges of normality have been provided.
Many authors, referring to this diagnostic procedure, base
their opinions on the observations of Boas (1932). Using
a cardiotachometer, Boas recorded the average minimal sleeping
pulse rates in nine toxic cases, ten subjects with neurogenic
sinus tachycardia and 103 normal subjects. In the latter
group the lowest rates recorded for males were 53 beats per
minute and for females 58 per minute. The use of a
cardiotachometer, however, converted a simple physical sign
into a rather complex procedure and, in addition, the
determination by any other means of an average minimal sleeping
pulse rate is one of extreme difficulty. Accordingly, the
normal vaiues quoted by him cannot be used in routine ciinical
practice. Freeman and Mattingly (1956) have suggested that an
accurate recording of the sleeping pulse rate might be obtained
by strapping a microphone to the subject's great toe and in
this way overcome the possibility of waking the patient.
This is perhaps also unnecessarily complicated and the
conventional method of counting the radial pulse was considered
to be of greater practical walue. The risk of errors in
obtaining sleeping pulse rates was accepted, and was minimised
by careful instructions to night nurses. Nevertheless, it is

apparent that, despite these instructions, many nurses only



counted the pulse for half or quarter minutes.

~5he results show that it is unusual for a sleeping pulse
greater then 72 beats per minute to be encountered in a
hypothyroid patient and the finding of a rate greater than
this makes the diagnosis of hypothyroidism unlikely. On
the other hand, normal subjects only rarely have gleeping
pulse rates less than 60 beats per minute. Rates in this
range, therefore, in a patient suspected of hypothyroidism
are strongly in favour of the diagnosis provided other causes
of bradycardia are éxcluded. Nevertheless, only 32% of the
hypothyroid patients actually had slow rates. It is

therefore considered that although slow or ra?id pulse rates
do have considerable diagnostic significance, the value of
the recording of sleeping pulse rate is limited since so

many hypothyroid patients lie in the intervening range.

Conclusion:
The recording of the sleeping pulse rate is a simple
procedure which may occasionally provide useful information

in a patient in whom hypothyroidism is suspected.
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CHAPTER 8

THE CLINICAL DIAGNOSTIC INDEX

In the preceding chapters an attempt has been made’to
show that of the many symptoms and signs which may be
present in hypothyroidism some are of greater diagnostie
significance than others. If the clinician appreciates
the importance of these particular features and especially
the characteristic manner in which they may affect a patient's
health or appearance, he will be able to diagnose correctly
most cases of hypothyroidism. Even so, errors in diagnosis
will still arise since the process of meking a clinical
diagnosis is comélicated and involves more than just history-
iaking and examination, however carefully these may be carried
out. No single symptom or sign is diagnostic and it is only
when they occur in combination that the typical clinical
pictﬁre is. built up. The clinicien must, therefore, sift and
~ evaluate multiple features and ultimately select the clinical
syndrome which accounts best for the findinés. Sinee, however,
different clinicians place varying emphasis on these findings,
theif conclusions are also liable t6 considerable variation.
. By adbpting_aistatistical procedure incorporating the -
primciples of discriminant analysis, it has been found

possible to reduce the variability of such interpretative
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conclusions and increase the accuracy of the clinical
diagnosis. This was done by allocating a positive or
ﬁegative value to each clinical feature, the values being
based on the analysis of the frequency of symptom and signs.
In thisvway a total score, or clinical diagnostic index,

was obtained for each patient. It will be shown that
these scores are helpful in distinguishing between

hypothyroid and euthyroid patients.

The Construction of the Clinical Diagnostic Index

The clinical features were reviewed in the 110 cases
which had given rise to no clinical diagnostic difficulty,
the two ﬁDefinite" groups. Those which provided a contrast
between the normal and hypothyroid groups were weighted by
allocating a score to each. The positivé or negative value
of these scores were initially allocated on the basis of their
relative diagnostic significance. The scores were then
modified to diminish the effects of observer wariation. This
was done in part by reducing the value of the highest scores,
because although these were attached to features of great
diagnostic importance, differences between observers in
noting their presence or absence would give rise to
considerable variation in the total score. Some of the
features were discarded as it was considered they were

especially liable to observer variation. The clinical
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diagnostic indicee, i.e. the total scores, were then
calculated. These produced a good separation between the
normal and hypothyroid subjects.

The features were then reviewed with regard to their
respective incidence in the 95 patients in the two "Doubtful”
groups. On the basis of this the weighting factors attached
vto them were then further modified. The "Definite" group was
then re-scored using these revised values. A good separation
between the normal gnd hypothyroid subjects persisted and these
scores were accepted. The symptoms and signs selected are
shown in Table 11 with their respective positive or negative

values.

The Application in Routine Clinical Practice

The practical application was assessed in a further group
Qf 27 patients; most of whom presented similar difficulty in
diagnosis. The final diagnosis in these subjects, termed
"test group", was again only made after full investigation and
observation. Iﬁ the examination of these patients, the criteria
for the presence or absence of symptoms and signs were the same,

where relevant, as for the preceding Symptom Analysis (Appendix I).

Results
Definite Groups - When the clinical diagnostic indices of the

55 normal and 55 hypothyroid subjects were analysed, the values
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were found to range from -21 to +4 for the former and from

+11 to +39 for the latter (Appendix IV). Figure 5 illustrates
the distribution of thesebunequivocally euthyroid and
hypothyroid subjects. The separation between them will be
seen to be from -i to 415 with the exception of two cases.
There was & clear division between the two groups at +10.

Thus an index of less than +5 indicated hormality, while indices
of +15 or‘over indicated hypothyroidism. Only one of the 100
subjects in this group héd a score between +5 and +15. This
has been called the "Equivocal' range.

Doubtful Groups - The distribution of the 95 subjects of this
group is shown in Figure 6. A good division persisted bhetween
the cases finally shown to be euthyroid and those proved to he
hypothyroid (Table 12), 98% of the former and 91% of the latter
\lying on either side of +10. Although 18 cases had scores in
the egquivocal range, and one hypothyroid subject lay within

the normel range, 76 (80%) of the 95 cases were correctly
diagnosed by this method. 'Thus 84% of those proved euthyroid
had indices of less than +5, while the scores of 76% of those

shown to be hypothyroid were above +15.

Pest Group - Ten of the 37 subjects studied after completion

of the scoring system were finally shown to be euthyroid. 4ll



of these subjects had indices within the normal range. The
remaining 27 were 1ater‘proved to be hypothyroid. Three
patieﬁts had scores in the equivocal range, but only one of
these had an index below +10. The indices of other subjects
all lay within the hypothyroid range.

When the indices of all the 242 cases studied are
considered together there is almost complete separation at +10
(Table 13). Even when the equivocal range is introduced, the
accuracy of diagnosis is still of a high degree. ‘hus 107 (93%)
of the 115 euthyroid subjects and 112 (88%) of the 127 hypo-
thyroid cases ;ere correctly diagnosed. Only one case was
completely wrong, tﬁé remaining 22 heving indices in +the

equivocal range.

Statistical Analysis -

“I'he diltribufion curves for the definite groups are shown
in Figure T. Statistical analysis of the results allowed fhe
probabilities corresponding to the observed percentages to be
calculated. Ihese showed that a score greater than +5 is
extremely unlikely in a healthy normal individual (P = 0.0003).
It is almost as remote & possibility that an index of +15 or
less should be encountered in a patient in whom hypothyroidism
is obvious (P = 0.0006).

Distribution curves of the indices of those patients in



\
whom diagnostic difficulty had been found, the doubtful and

test groups, are illustrated in figure 8. Probabilities have
also been calculated for these cases and are shown in Table 14.
These figures multiplied by 100 indicate the percentage of
cases that might be expected to fall within the various ranges.
Thus indices within the normal range (less than +5) would be
found in 87.9% of euthyroid cases presenting diagnostic
difficulty. he remainder would fall within the equivocal
range since an index greater than +15 would only be encountered
in one in every 200 such patients. Similarly, in doubtful
hypothyroid subjects indices witiin the equivocal range might be
expected in 19.9%, but the correct diagnosis (greater than +15)
would be provided by the method in 78.23%. Only 1.79% of cases
would have an index of less than +5. When all cases
providing diagnostic difficulty are considered together,
remembering that in the present series the approximate ratio

of hypothyroid to euthyroid subjects is 6:5, the true potential
accuracy of the index cen be estimated. A correct diagnosis
would probably be obtained in 82.6% and a wrong one in only
1:2%. Phe remaining 16.2% would likely fall in the equivocal
zone, two-thirds of these probably being hypothyroid. This
diagnosis is more likely if the index is greater than +10,
since 14.28% of all hypothyroid cases would lie between +10

and +15 and only 2.55% of euthyroid subjects. Between +5 and

8l.
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+10, the respective figures would be 5.7% and 9.06%.

Discussion

In evaluating the clinical evidence in an effort to make
& diagnosis, a clinician combines his findings into a formula,
often subconsciously, by applying the concepts of multiple
correlatiop in & 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 eleven liver function tests found that
four could be combined to produce & "cirrhobis abnormality score"”
which discriminated well between normal and cirrhotic subjects.
Oyams and Tatsuoka (1956) used a similar technique to assess
the prognesis of patients with pulmonary tuberculosis. Using
13 characteristics they constructed an equation from which a
score could be calculated 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 attempted with some
success to predict a remission of thyrotoxicosis following a
single dose of radioactive iodine, from a score obtained by
allocating weighted values at intervals after therapy to the

clinical state, the thyroid uptake of 1511, the basal metabolic



rate and the serum cholesterol.

The value of this technique in clinical diagnosis was
first demonstrated by Crooks et al (1959) in a study of
thyrotoxicosis. In this it was shown that by application
of the method the diagnostic accuracy of the clinical diagnosis
was not significantly different from that of radioiodine studies
and basal metabolic rate estimations. The personal experience
obtained in that study has proved invaluable in the present
investigation, and knowledge of the problems previously
encountered has permitted improvements to be made in the method.

The allocation of valueg*to the various symptoms and signs
ﬁas based on their relative diagnostic importance as shown by
study of the symptom analysis. Thus & highly characteristic
symptom, such as lethargy, was heavily weig%ted, while only a
low value was placed on dryness of the haif: a sign found in a
considerable number of normal subjects. The presence of many
of these symptoms and signs results in an accumulation of
positive weighting factors producing a high total score which
is indicative of‘hypothyroidism.

When clinical diagnosis is taught, or practised, emphasis
tends to be placed on the presence of certain symptoms and
signs. In many instances, however, the absence of these
féatures may be of equal importance. Thus the absence of
lethargy favours the diagnosis of normal thyroid function to

the same extent that its presence favours hypothyroidism.
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In order to make the greatest possible use of the clinical
evidence, therefore, both positive and negative scores must

be allocated to the features. For example, in the initial
weightings based on the definite groups, slow movements

scored +4. while normai movements scored -3, since the former
was present in 84% of the hypothyroid patients, but in only

7% of the normals. It was recognised that this feature was
subject to considerable observer variation, and the score was
therefore modified to +3 and -2. When the doubtful groups
were considered, however, only 60% of the hypothyroid patients
were recorded as having slow movements, while this was noted in
22% of those later proved euthyroid. The scores allocated to
the presence or absence of this sign were therefore finally
altered to +2 and -2.

In this way the weighting factors were developed for each
of the symptoms and signs. The decrease in the values was
based not only on the different frequency with which the
features occurred in the doubtful groups as compared with the
definite groups, but also on the liability of each to observer
variation. *his has previously been discussed and the
importance of laying down criteria emphasised. In the course
of this study it had become obvious that the recognifion of
some of the features was very difficult and liable to

considerable variation. 'his was due to the fact that no
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adequate criteria could be provided for these features.

A typical example is "largeness of the tongue” which has

been omitted although noted in 60% of all hypothyroid
patients and in only 17% of euthyroid subjects. In ardving
at the final values for each feature, an attempt haé been made
to make it impossible for a single observation of any one
feature, however diagnostically important, to alter a
patient's total score so markedly as to move it from the
hypothyroid to the euthyroid range, or vice versa.

The cumulative effect of diagnostically significant
features may be illustrated by the scores attached to the
flindings on examination of the skin. Each sign is not heavily
weighted, but when they are all present (cold +2, dry +1,
coarse +1, yellow +1) the total score of +5 #oes reflect the
diagnostic importance of the typical picture of the skin in
hypothyroidism.

It should also be noted that in selecting the features
to which scores were allocated, an attempt has been made to
preserve a balance between the symptoms and signs reflecting
the effect of the hypothyroid state on the different systems.
Thus, for example, in order to avoid too heavy weighting being
placed on the changes in the nervous system, impairment of
memory has been excluded. It is in fact rather an ill-defined

symptom and the clinician may have difficulty in being certain
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about its presence or absence. Lethargy provides mnch more
definite changes in the individual's everyday life and has
consequently been preferred. Similarly, to avoid over-loading
the importance of the changes in integumentary structures,
"periorbital puffiness" has been chosen rather than the more

vague sign of "facial puffiness".

\

\

Since the weightings allocated to the clinical features were
initially based on their incidence in the control groups of
normal and frankly hypothyroid subjects, it is not surprising
that these two groups have been widely separated by the use of
the clinical diagnostic index. In such cases. presenting an
ﬁnequivocal clinical picture, the index possesses no diagnostic
value over normal clinical procedures. The importance of a
separate study of cases presenting diagnostic difficulty has
been stressed previously. The results of the index in
correctly diagnosing the patients in the doubtful groups are
therefore of greater significance in assgssing the value of

the diagnostic index. In these patients, 98% of those later
shown to be euthyroid had indices of less than +10 while 91%

of those proved hypothyroid had indices greater than +9. Since
there is no gap between the groups, however, several of the
scores lying close to +10, the separation is less valuable than
might appear. A simple erroneous observation could result in

& hypothyroid patient being placed in the normal range and vice



versa. The distribution curves also illustrate this danger.

Accordingly the "equivocal" range was introduced. As &

result an incorrect observation can only result in a shift

from the normal or hypothyroid ranges to this range. The

introduction of this range will reduce the total number of

correct diagnoseé, but even so 84% of the euthyroid subjects

in the doubtful group had indices of less than +5, and 76%

of those proved hypothyroid had indices greater than +15.

All but one of the remainder lay within the equivocal range.
The statistical analysis of the results shows that in

any future series the diagnostic accuracy of the method would

be very similar to that in the present series. The likelihood

of an index falling into the wrong range is small. Thus it has

been calculated from the distribution curve of the indices of

all the hypothyroid patients in this study that the probability

of an index less than O being encountered in a hypothyroid

subject is slight. Indeed, only 18 in any 1000 hypothyroid

subjects would be likely to have indices less than +5.

Conversely, a score of more than +15 would be found in only

5 of every 1000 euthyroid patients suspected of being

hypothyroid. Considerably fewer would have indices greater

then +20. It may therefore be confidently concluded that

the finding of a score of more than +20 establishes the

diagnosis of hypothyroidism so firmly that no further investigation



is required. Similarly, the diagnosis is excluded if the
index is less than O. Scores lying between O and +4 and
between +16 and +20 also strongly favour respective diagnoses
of normal and impaired thyroid function. It is, however,
desirable when such indices are found, to carry out a single
further investigation. If this agrees with the diagnosis
indicated by the index, this diagnosis is amply confirmed.
If not, further tests of thyroid function should be performed.
The necessity for full investigation is indicated by the
finding of an index in the equivocal range of +5 to +15. As
will be seen later, the laboratory tests in such patients
often do provide results which are borderline or of doubtful
sigﬁificance. It is clear that no single test is completely
infallible, and more than one procedure therefore should be
~employed. In interpreting the results, however, it may be
remembered that & score of greater than +9 is more likely to
indicate hypothyroidism.

The true value of the clinical diagnostic index can only
be assessed by using it in routine clinical practice. For

this reason, 37 additional patients were studied. 'nhe index

resulted in the correct diagnosis in 34 of these, the remaining

3 having scores in the equivocal range. Further studies to
observe the accuracy of the index in the hands of indépendent

- observers would be of great interest. In the previous study

88.
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of the method in thyrotoxicosis, it was shown that no
statistically significant difference existed between the
scores obtained by observers if they had some experience of
thyroid disease, or had received clear instructions in the
technique and criteria for examination. In the recording

of individual symptoms and signs, there was usually some
disagreement between observers, but that was usually
insufficient to alter significantly their mean score. When
the accuracy of the index in diagnosing thyrotoxicosis was
tested by clinicians in fourtaparate”hospitale, there was no
gignificant difference in the results obtained. Since
precautions taken in this study to minimise observer variation
have been similar to those employed in the previous investigation,
it may be suggested that any differences in the total indices
obtained by other observers will also be slight.

\It.could be suggested that the clinical diagnostic index
can add little to the accuracy of the diagnosis made by
conventional clinical methods. This is almost certainly true
of the definite group in this study where the diagnosis was
obvious. When the doubtful groups are considered, the method
does appear to have a definite advantage. All the 95 patients
had already caused diagnostic difficulty and have been
considered separately because one or more clinicians had been

unable to make a definite diagnosis. = With the use of the index,
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however, a correct diagnosis was made in 76 (80%). It is
likely that, if there had been no laboratory facilities
available and a definite decision had had to be made purely
on clinieal grounds, the physician would have diagnosed many
of these cases correctly. It is equally possible, however,
that in some he would have reached the wrong conclusion.
In qthers, even physicians experienced in thyroid disease
would have hesitated to make a definite diagnosis and suspended
Judgement until a full therapeutic trial had been carried out.
Fhis is especially likely when the condition is seen at an
early and mild stage in its development. A careful review
of the histories permits the suggestion that there would have
been such reluctance in diagnosing hypothyroidism in a
considerable number of ;ases and certainly in a greater number
of patients than the 22 in whom the index, by falling in the
equivpcal range, indicated the need for further investigation.
It may be emphasised that a "normal" index was encountered in

.only one hypothyroid patient, but even this fell in the range
| where it has been suggested that a confirmary test is
desirable. It appears highly probably therefore that the
application of the diagnostic index does provide an overall
diagnostic accuracy of an order greater than could be
achieved by ordinary clinical examination.

The assessment of clinical severity of hypothyroidism has

always presented difficulties since this also must be based on
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the relative value placed by individuals on the clinical
features and on their oversall impression. Although’ the
values allocated to the symptoms and signs are based on

their importance in differentiating normal from abnormel,

it is obvious that the more of these features that are
present, as occurs in more advanced hypothyroidism, the higher
will be the total score. Consequently the diagnostic index
will, to a certain extent, refleet the severity of the
condition. Modifications of weighting factors so as to
express the degree of abnormality of individual features,
could be carried out to improve this aspect. Nevertheless,
as it stands, the numerical walue of the index does allow

its use as a measure of clinical severity. It may, therefore,
be employed to compare the clinical state with objective
measures of thyroid function and, as is shown later, to
correlate its degree with the results of these tests.
Moreover, the use of & quantitative index allows other
clinicians acquainted with the method to appreciate the
clinical status of a patient in any report of studies of
hypothyroid states, without having to study full details of a

case history.

Conclusions
By applying a statistical technique to routine clinical

procedures it has been possible to construct a 'tlinical



diagnostic index". This reduces the errors arising from
observer variation and individual interpretive conclusions
and thus increases the accuracy of the clinical diagnosis.
It is of value in day to day practice as it is a rapid,
reliable and simple method. By its use the number of
patients in whom any further investigation is required is

greatly reduced.
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CHAPTER 9

THE APPLICATION OF THE CLINICAL DIAGNOSTIC INDEX

In the preceding chapter it was suggested that the use
of the clinical diagnostic index provides greater overall
diagnostic accuracy than can be obtained by ordinary clinical
assessment. It should therefore be particularly valuable in
those cases where difficulty has been experienced in reaching
a diagnosis by conventional means. In this chapter selected
cases are reviewed which iliustrate some of the reaéons why
reluctance to make a definite diagnosis existed and demonstrate

how, by overcoming these, the index did indeed prove useful.

It was apparent iﬁ the analysis of symptoms and signs that
many of the‘clinical features encountered in hypothyroid
patients could also be found in normal subjects, althdugh with
a lower incidence. Consequently it is not surprising to find
that a common cauée of difficulty in those patients later
proved to be euthyroid was the presente of many symptoms. This

may be illustrbted in the following example:-

Female, aged 48 years

Symptoms

Tiredness 1 Skin unchanged -1
Lethargy 3 Weight increased 2
Paraesthesiae 2 . Constipation absent -1
Cold intolerance 1 ‘Hoarseness absent -1
Hair untidy 2 Hearing unchanged 0

SYMPTOM SCORE 8

93.
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Signs

Cerebration normal -1 Supraclavicular

Movements normal -2 puffiness 2
Skin normal -3 Hair dry 1
Periorbital Casual pulse rate
puffiness absent -2 88/minute -2

SIuN SCORE -7

DIAGNOSTIC INDEX 1

Finegl Diagnosis (obtained as defined

in Chapter 2) == EUTHYROID.

‘the symptoms in this patient were menopausal in origin.
The high symptom score is not supplemented by a raised sign
score and the diagnostic index is within the mormal range.
Since hypothyroidism frequently becomes apparent in the late
forties or early fifties, many post-menopausal women, in whom
there are similar symptoms, are suspected of being hypothyroid.
Careful examination should make the diagnosis clear.
Nevertheless, this group accounts for a large proportion of
the patients referred for radioiodine studies in whom the tests
prove negative.

Many physicians tend to regard positive signs as more
important than positive symptoms. This ié generally true.
In hypothyroidism, however, there may be a tendency to place
too much emphasis on an impression of the subject's
appearance - the "hypothyroid facies'. This became obvious
when many of the euthyroid patients causing difficulty

were studied. The following example is typical of this group:-
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Female, aged 61 years

Symptoms

Tiredness 1l Constipation 3

Lethargy absent -3 Hoarseness 2

Paraesthesiae ahsent -1 Sweating, hair,

Temperature indifference -1 hearing, appetite,

Skin unchanged -1 weight- unchanged O
SYMPTOM SCORE O

Signs

Hoarse voice 1 Periorbital

Cerebration normal -1 puffiness 2

Movements normal -2 Supraclavicular

Skin dry 1 puffiness 2

Skin warm -2 Casual pulse rate

Hair dry 1 80/minute 0

SIGN SCORE 2
' DIAGNOSTIC INDEX 2
Final Diagnosis -- EUTHYROID
This patient was very obese and looked "puffy". However,
in additién to the absence of seversl typical signs, there
were no important sympfoms, apart from constipation and
hoarseness. The symptom score thus compensated for the signs.
As shown by these gxamplea, it is apparent that the difficulties
in diagnosis arose from the clinician tending to place undue
inportance on the presence of signs or symptoms and not paying
enough attention to their absence. Often there was a tendency
to be influenced by the symptoms s&lone, or vice versa, and
thus fail to maintain a balance between the symptoms and signs.
In the hypothyroid patient, the difficulties appear to
be the reverse. They arise mainly from the absence of

features considered to be of importance with less emphasis



being placed on the presence of equally important findings.
In the following example, although all the signs are present,
there has been reluctance to reach a definite diagnosis

because of the lack of symptomatology.

Male, aged 58 years

Symptoms
Tiredness 1 Constipation absent -1
Lethargy abzent -3 Hoarseness absent -1
Paraesthesiae absent -1 Sweating, hair,
Cold intolerance 1 appetite, hearing -
Skin dry 3 unchenged o
Weight increased 2
SYMPTOM SCORE 1

Signs
Speech hoarse 1  Periorbital puffiness 2
Cerebration slow 2 Supraclavicular " 2
Movements slow 2 Hair dry 1
Skin - coarse, dry, Casual pulse rate

cold, yellow 5 64/minute 1

SIGN SCORE 16
»iAGNOSTIC INDEX 17
Final Diagnosis - HYPOTHYROID
Although this is an extreme case, which nevertheless is

correctly diagnosed by the index, in general the reluctance
to make a diagnosis in those finally shown to be hypothyroid
was similarly caused by the absence of typical symptoms of
hypothyroidism rather than of signs. The following subject,
however, complained of nearly all the more important symptoms
but several typical signs were absent. The index, however,

gave the correct diagnosis.
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Yemale, aged 45 years

Symptoms

Tiredness 1l Skin dry 3
Lethargy 3 Weight decreased -2
Paraesthesiae 2 Constipation 3
Deafness 1 Hoarseness 2
Heat preference 1 Sweating, appetite -
Hair untidy 2 unchanged 0

SYMPTOM SCORE 16

Signs
Hoarmeness 1 Supraclavicular
Cerebration slow 2 puffiness 2
Movements slow 2 Hair dry 1l
Skip - warm, -2 Casual pulse rate

moist -1 72/minute 0
Periorbital

puffiness absent -2
SIGN SCORE 3

DIAGNOSTIC INDEX 19

»”

8

Finel bDiagnosis - HYPOTHYROID.

Full appreciation of the clinical features may still lead
to diagnostic difficulty since undue emphasis may be placed on
those symptoms and signs which are known to be most important.
Consequently, 'hen these features are absent there may be
considerable reluctance to make a clinical diagnosis of
hypothyroidism, whatever other clinical evidence i present.

Since the diagnostic index was constructed on the basis
of the relative frequency and diagnostic importance of the
clinical features, it is clear that it is also liable to this

tendency to imbalanced evaluation. Indeed, the absence of
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symptoms and signs of high value is evidently the reason why
diagnostic indices of hypothyroid subjects did fall into the

equivocal zone, as illustrated by the following case:-

Female, aged 54 years

Symptoms

Tiredness 1l Skin unchanged -1
Lethargy 3 Weight increased 2
Paraesthesiae 2 Constipation absent -1
Temp. indifference-l Hoarseness 2
Hair untidy 2 Sweating, hearing,

appetite - unchanged 0
SYMPTOM SCORE 9

Signs
Hoarmeness 1 Periorbital puffiness 2
Cerebration normsal-l Supraclavicular
Hair dry 1 puffiness 2
Movements normal -2 Casual pulse rate
Skin - warm -2 68/minute 1
moist -1
yellow 1

SIuN SCORE 2

DIAGNOSTIC InDEX 11
Final Diagnosis - HYPOTHYROID

Nevertheless, although the index did not provide an outright
“ecorrect" diagnosis in this case, it did, by falling within
the equivocal zone, indicate the need for full further
'investigation.

Euthyroid subjects falling within the equivocal zone
often had either an accumulation of many features of low
value, or of high symptom scores associated with one or two

heavily weighted signs. lNegative scores arising from the
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physical examination did not compensate for the positive

symptom scores as shown by the following cases-

Female, aged 50 ieais

Symptoms
Tiredness 1 Weight increased 2
Lethargy 3 Constipation sbsent -1
Paraesthesiase absent -1 Hoarseness absent -1
Temp.indifference -1 Hearing, sweating,
Hair dry 2 appetite -unchanged O
Skin dry
SYMPTOM SCORE 7

Signs ‘
Hoarseness absent 0O Periorbital puffiness 2
Cerebration normal -1 Supraclavicular
Movements normal =2 puffiness -2
Skin - cold 2 Hair normal -0

dry 1 Casual pulse rate

72/minute 0

SIGN SCORE O

DIAGUNOSTIC INDEX 7

Final Diagnosis - EUTHYROID
These cases have been selected to illustrate most clearly
the reasons for diagnostic difficulty. They are, therefore,
the most obvious and extreme examples, but show the trends
typically found in many of these patients. It is evident
that in most there has been a reluctance to make a diagnosis
because the clinical picture has been considered incomplete,
usually because of the absence of certain features which an
individual clinician has personally considered to be of great
#ignificance. It is probable that patient history-taking and

examination would have revealed the true diagnosis in many
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instances, provided the findings were carefully assessed.

This is exactly what is accomplished by the diagnosiic index
since it eliminates the errors arising from individual
interpretative conclusions. Its success is illustrated by
its diagnostic accuracy in the preceding examples. The
index was completely wrong in only one case. On general
clinical assessment also this patient was considered probabdbly
to be euthyroid. Investigations, however, indicated impaired
thyroid function. The final diagnosis of hypothyroidism was made
after observing a therapeutic trial with thyroxine which
produced complete relief of all symptoms and signs. It was
because the latter were of low value and were outweighted by
the negative scores attached to the absent features that the

index gave an incorrect result.

lemale, aged 79 years

Symptoms

Tiredness 1 Appetite decreased 1

Lethargy absent -3 Weight decreased -2

Paraesthesiae absent -1 Constipation 3

Cold intolerance 1 Hoarseness absent -1

Hair dry 2 Hearing, sweating

Skin unchanged -1 unchanged 0

SYMPTOM SCORE O

Signs

Hoarsenéss absent 0O Periorbital puffiness -2

Cerebration normal -1 Supreclavicular

Movements slow 2 puffiness =1

Skin - cold 2 Hair dry 1l
moist -1 Casual pulse rate

76/minute 0

SIGN SCORE O
DIAGNOSTIC INDEX O
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Hypothyroidigm was only suspected in this patient after
full gastro-intestinal investigation had failed to reveal
any cause for her constipation, which despite her age was
considered to be significant in view of its short duration.

The signs that were present were slight and the other symptoms
were only elicited after full supplementary questions were
asked.

In most cases of hypothyroidism one or two symptoms will
vaually be especially troublesome. Fortunatelj those mbst
frequently encountered are those which produce the most
characteristic alterations in the patient's life, as has already
been seen. Thus, the findings of such complaints as lethargy
and "ﬁloving up" or even cold intolerance, should immediately
result in the possibility of hypothyroidism being considered.
Other sympioms may then be elicited, but since they are mild at
the earlier stages, the appropriate supplementary questions
must be asked. However, it is when these less important
and often less characteristic symptoms dominate the clinical
picture that hypothyroidism may fail to be considered.
Consequently there will be no attempt to enquire about the more
typical symptoms, which may very well be present also, although
not causing the patient as much distress as her primary
complaints. Thus it has already been shown how one patient
underwent operative treatment for her acroparaesthesiae six

months before hypothyroidism was diagnosed and explained her
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general ill-health. In the same way, many patients had been
observed for considerable periods and had received treatment
directed towards the relief of symptoms which were in fact

the result of hypothyroidism. Admittedly many of these
complaints could not be considered to be typical of hypothyroid
states, but in fact when eventually it was considered, the
diagnosis became clear-cut with careful history-taking and
examination. With specific therapy the initial symptoms
receded. Although it is desirable, therefore, that
clinicians should be aware of these atypical presentations,

any of the many "minor" symptoms previously mentioned may
dominate the clinical picture in this way. Some are well
recognised as producing the picture of "masked" hypothyroidism.
In particular, the disturbances of ovarian function previously
discussed may distract the clinician's attention. Thus one
patient had undergone dilatation and curettage because of
menorrhagia twice in 18 months before hypothyroidism was
suspected. Another had had two miscarriages and one stillbirth
before the diagnosis of hypothyroidism was made. The complaint
of one patient of diminished libido had been dismissed as
psychological only six months previously. It is clear,
therefore, that the onus for diagnosing hypothyroidism does not
rest with the physician alone. In many other instances the

patients in this series had initially been seen in other clinics.
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In some hypothyroidism had been suspected and the patient
~ referred for investigation. In others the initial
complaint had been treated along other lines for considerable
periods and only when there had been no improvement was the
possibility oonsidered that a generalised disorder might be
responsible for a local complaint. For example, one patient
had previously undergone full investigation by ear, nose and
throat specialists because of persistent dizziness which was
later completely relieved by thyroid therapy. On the other
hand, in one subject attending the Ear, Nose and Throat Clinic
complaining of recent deafness, hypothyroidism was suspected
as the result of routine examination which showed the vocal
cords to be white and swollen, appearances considered to be
typical of myxoedematous infiltration.

In many patients in the present study there appeared to
be symptoms of & Raynaud-type phenomenon, but it was
difficult to distinguish these from the general cold-intolerance.
The converse was, however, true and a number of patients had
attended clinics where attention was directed only to their
peripheral vascular complaints. In these patients, as in
the others mentioned above, once the possibility of hypothyroidism
had been considered, careful examination revealed the other
clinical features. This may be illustrated by a single

emample: -



A female, aged 64 years, was first seen at a Vascular Clinic
in november, 1955 with a complaint of "bad circulation in the
hands", and a diagnosis of Raynaud's syndrome was made.
"Ronicol" was prescribed and she also received two courses of
baths and one of ultrasonic therapy. When, by January 1957
there was no appreciable benefit, it was considered that her
persistently low voice might be of significance. She was

therefore referred to the kndocrine Clinic. ’he features
elicited there were:-

Symptoms

Tiredness 1 Skin changes absent -1

Lethargy 3 Constipation absent -1

Paraesthesiae absent-l Hoarmeness 2

Deafness 1 Weight and appetite

Cold intolerance 1 unchanged 0

Vecreased sweating 2 Hair changes 2

SYMPTOM SCORE 9

Signs '

Hoarmeness 1 Supraclavicular

Cerebration normal -1 puffiness 2

Movements slow 2 Hair dry 1

Skin - cold, dry 3 Casual pulse rate

Periorbital 80/minute 0
puffiness 2

SIGN SCORE 10

DIAGNOSTIC INDEX 19

Final Diagnosis - HYPOTHYROIDISM
It was clear that many of these symptoms had in fact only been
noted by the patient subsequent to her first visit to hospital
and were sfill of & mild degree. Similarly the signs were
slight. |

In many of the patients like this in whom the diagnosis

of hypothyroidism was initially overlooked, the changes were
not obvious. Often the symptoms had not bothered the patient
unduly and certainly to & lesser extent than the primary

complaint. It is possible that without the careful history-
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taking that has been laid down as part of the procedure for

the diagnostic index, these symptoms might not have been
elicited. In the same way, the use of the strict criteria

for the presence of signs is likely to result in more careful
observation of these significant features. It may therefore
be suggested that although the index may only be applied when
hypothyroidism is suspected, acquaintance with the technique
does lead to an increased appreciation of the importance of

the clinical features. Consequently there will be an increased
awareness of the possibility of the condition existing whenever
the significant findings are met in the course of the routine
examination of any patient, whatever the presenting complaint.

This may be illustrated by the following case:-

Male, aged 50 years, who had been troubled for many years with
varicose veins which had intermittently ulcerated. Healing
had usually taken place spontaneously. In the preceeding 12
months, however, the varicose ulcers had failed to respond to
all local measures. When complaints of lethargy and cold
intolerance were alsc mentioned, attention was directed to his
thyroid state. The findings were:-

Symptoms

Tiredness 1 Hair changes absent 0
Lethargy 3 Skin changes absent -1
Paraesthesiae absent -1 Appetite decreased 1l
Deafness 1l Weight unchanged 0
Cold intolerance 1 Constipation 3
Decreased sweating 2 Hoarseness absent -1

SYMPTOM SCORE 9
Signs
' Hoarmeness 1 Supraclavicular

Cerebration normal -1 puffiness -1

Movements normal -2 Hair normal -1



Skin - cold 2 Periorbital
dry 1 A puffiness 2
yellow 1 Casual pulse rate

80 per minute O
SIGN SCORE 2
DIABNOSTIC INDEX 11

In this case the index fell within the equivocal range.
This, however, indicated the necessity for further
investigations. These showed unequivocal evidence of impaired
thyroid function. Unfortunately the man failed to report back
after treatment was commenced and the therapeutic response
could not be observed. Cohen (1934) reported a similar case
in whom therapy resulted in healing in five weeks of leg ulcers
which had shown no tendency to heal for the previous six years.

Where another organic disorder is coincidentally present
there may be a tendency to overlook the accompanying hypo-
thyroidism. This is particularly liable to happen when the
patient is anaemic. The finding of low blood levels in an
individual may result in the assumption that these are
responsible for symptoms which are in fact caused by hypo-
thyroidism. If it is not remembered that impaired thyroid
function may result in a mild anaemia, the cause of the anaemia
may be overlooked. It is only when there is a failure to
respond to haematinics that hypothyroidism may be suspected.
Thus several cases of “"unresponsive anaemia" were encountered

in this study. Most had previously been treated with liver
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extract or cyanocobalamin by their own practitioners often
for considerable periods. The resemblance of the clinical
picture of hypothyroidism and pernicious anaemia has
previously often been noted and in these cases had clearly
also caused difficulty. In both, such features as yellowness
of the skin and paraesthesiae may be encountered in addition to
symptoms like tiredness, chilliness and dyspnoea. However,
careful history-taking and examination should differentiate

the two conditions. It must, of course, be remembered that
although the "anaemia" of hypothyroidism is typically normocytic,
the finding of microcytic or macrocytic blood pictures does not
exclude the diagnosis. There may also be iron defieiency,
especially if there has been blood loss due to menorrhagia.
Moreover, Tudhope and Wilson (1960) consider that in hypothyroidism
there is a relatively high incidence of megaloblastic anaemias
which is usually of a typical Addisonian pernicious anaemia
type. On the other hand, the vague history of ill-health
encountered in many anaemic patients not infrequently causes a
clinician to consider hypothyroidism as a possible cause of
symptoms. Thus several patients with ansemia may be found

in the "Doubtful Euthyroid" group. The index, however,

provided assessment as illustrated by the following

example: -
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Female, aged 60 yeg;é

Symptoms

Tiredness 1 Skin changes absent -1
Lethargy absent. -3 Appetite unchanged 0
Paraesthesiae absent -1 Weight unchanged 0
Cold intolerance 1l Constipation absent -1
Sweating unchanged 0 Hoarseness absent -1

Hair changes absent 0
SYMPTOM SCORE -5

Siggs

Hoarseness 1 Periorbital puffiness 2
Cerebration normal -1 Supraclavicular "
Movements slow 2 absent -1
Skin - dry 1 Hair dry 1
warm -2 Pulse rate
yellowish 1 66/minute 1

SIGN SCORE 5

DIAGNOSTIC INDEX O

Sometimes the impaired thyroid function will result in
changes in the accompanying condition which may be spotted by
the alert clinician. For example, the development of
hypothyroidism imn a diabetic subject is usually accompanied
by decreased insulin requirements. This may manifest by
frequent hypoglycaemic incidents which persist despite
reduction in insulin dosage. This pattern was observed in all
three diabetic patients in this series. At the time that
hypothyroidism was diagnosed, the daily total dosages of insulin
mixtures which in the past had given satisfactory control, had
been reduced from 34, 34 and 48 units to 12, 17 and 18 units
respectively.

It has been recognised for a long time that there are

certain disorders that simulate the hypothyroid state and may
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therefore be mistaken for it. In the present series these
conditions have once again been the cause of clinical difficulty
in diagnosis. Thus it has been shown earlier that among those
patients suspected of being hypothyroid but later proved
euthyroid, were many women with post-menopausal symptoms and
others with simple obesity. Another condition frequently
considered to cause difficulty is nephrosis, since in this
disorder the facial appearance may also resemble the

hypothyroid facies. In one subject in the "Doubtful Buthyroid"
group, a male aged T4 years, this was in fact the actual

diagnosis. The findings were:-

Symptoms

Tiredness 1 Hair changes 2

Lethargy absent -3 Skin dry 3

Paraesthesia absent -1 Appetite unchanged 0

Deafness absent 0 Weight increased 2

Heat intolerance -3 Constipation absent -1

Sweating unchanged 0 Hoarseness absent -2
SYMPTOM SCORE -2

Signs

Hoarseness present 1 Periorbital puffiness 2

Cerebration normal -1 Supraclavicular "

Movements normal -2 absent -1

Skin - coarse, dry 2 Hair dry 1

warm -2 Pulse rate 76/minute 0
SIGNS SCORE O

DIAGNOSTIC INDEX -2
Final Diagnosis - Euthyroid.

In this man the facies did indeed suggest hypothyroidism and
the diagnostic difficulty was increased by the presence of a

scaling dermatitis. Despite this, however, the diagnéstic



index provided the correct diagnosis. In these subjects
the finding of gross pitting oedema should lead the
clinician to suspect nephrosis rather than hypothyroidism in
which oedéma is rarély encountered. Similarly, gross
albuminuria is uncommon in hypothyroidism. Although traces
were occasionally found, there were significant amounts of
albumin (two parts Esbach or more) in only five hypothyroid
patients.

Hypothyroidism is usually suspected in other disorders
because of the occurrence in them of many of the symptoms and
signs that are found in hypothyroid subjects. It must,
however, be remembered that these other disorders will also be
accompanied by additional features typical of each which, when
identified, will permit hypothyroidism to be excluded. This
will be, in addition, readily accomplished by an impartial
evaluation of the clinical findings by avoiding undue emphasis
being placed on any single feature. The examples of such
cases quoted in this chapter shows that the clinical diagnosis
will provide such an evaluation. It is considered, therefore,
that the success of this technique in separating these cases
which had, for a variety of reasons, caused diagnostic
difficulty when conventional clinical assessment was employed,

illustrates its value as a diagnostic measure.
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Conclusions

When the application of the diagnostic index to those
cases in whom diagnostic difficulty had been found with
routine clinical methods is studied, many of the causes for
this difficulty have become obvious. It is clear, however,
that these may be overcome by the use of the index. It
was of equal value in those cases where the clinician had
been reluctant to make up his mind because he considered the
clinical picture incomplete and in those subjects suffering
from other disorders, but in whom the presence of some of the
clinical features frequently found in hypothyroidism had made
the exclusion of this diagnosis difficult. The index does,
in addition, provide an increased appreciation and awareness
of the symptoms and signs of hypothyroidism which
consequently permits the disorder to be suspected more readily
when presenting in atypical forms. and thereafter be accurately

diagnosed.
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CHAPTER 10

SECTION I - YHE CLINICAL EVALUATION

Summary

A clinical study has been carried out in 310 subjects.
Hypothyroidism was shown to be present in 195 patients.

In 53 it followed treatment of thyrotoxicosis and in 15
resuited from pituitary insuffiéiency. The disorder was
either primary or associated with Hashimoto's thyroiditis
in 127. Sixty patients had initially been suspected of
being hypofhyroid, but were finally shown to be euthyroid.
The remaining 50 were normal healthy individuals uaed‘as
control subjects.

An analysis of the incidence of symptoms and signs which
are generally considered typical of the hypothyroid state was
carried out. A comparison of the frequency with which these
features occurred in both euthyroid and hypothyroid subjects
revealed their relative importance. A study of the clinical
picture as it was observed in the hypothyroid individuals
showed which of these symptoms and signs also produced the
most characteristic changes in general health and appearance.
It was thus possible to evaluate the diagnostic significance
of the clinical features and on this basis to allocate
numerical values to eagh. The aggregate score in the
individual case has been termed the clinical diagnostic index.

These indices have been shown to be of assistance in
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discriminating between euthyroid and hypothyroid subjects.
By the use of this method the number of patients in whom
further investigation‘is required is greatly reduced.

The technique is of particular value in the mild and early
case, but is also useful in identifying atypical forms of

.the disorder.




SECTION IT

THE LABORATORY CONFIRMATION
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CHAPTER 11

THE LABORATORY CONFIRMATION

Introduction

No laboratory procedure has yet been devised which will
define exactly and infallibly the level of the secretory
activity of the thyroid. Those commonly employed, however,
may be of considerable value as aids in the diagnosis of
thyroid disorders. They may be divided into several groups
each of which provide information regarding the functional
state éf the thyroid by assessing different aspects. The
activity of the gland may be studied directly either by
megsuring its avidity for iodine with the use of radioactive é
iodine studies, or by estimating the amount of circulating
hormone produced by the gland, the serum protein bound iodine.
Indirect evidence may be provided by studying the effects of
deficiency of the hormone. This will, of course, influence
not only metabolism in general, causing lowering of the basal
metabolic rate, but may cause biochemical changes, such as
those in the serum cholesterol, and affect specific target
organs with resulting abnormalities which may be demonstrated
by means of ancillary means such as the electrocardiograph.
All of these tests do poessess their own particular disadvantages.
By careful éeleétion from each group, however, a combination
of tests, each reflecting a different aspect of the state of

thyroid function should be able to provide a high degree of
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diagnostic accuracy.

Few clinicians would support the suggestion that the
clinical diagnosis in every case of hypothyroidism should
be confirmed by investigations (Galbraith, 1955). When the
clinical picture is characteristic, such tests should be
unnecessary since the proof of the diagnosis is provided by the
dramatic response to therapy. There is, however, even among
clinicians who realise this, a tendency to request confirmatory
investigations, since these are now generally so readily
available. Usually these will merely confirm their clinical
impression, although they do provide a record of the state
of hypothyroidism which may be of value if the diagnosis is
later questioned after all the signs have disappeared
following treatment. The danger exists, not unfortunately
purely theoretically, that some physicians may allow their
clinical judgement to be swayed by the’results of these testis,
and even place more reliance on them. As Bauer (1956) said,
"for these clinicians the clinical evaluation lacks that
one tangible asset, a figure reported in per cent elevation,
per cent uptake or gamma per cent'. They do, in fact, fail
to realise that the tests are just as liable to fallacies
as the clinical diagnosis. It is because no one test is
completely reliable in the diagnosis of thyroid function
that so many different procedures have been devised. Such

investigations, of course, are really of value when required to



116.

assist in the diagnosis of these subjects in whom there is
an incomplete or atypical clinical picture. Unfortunately
it is in this group that they all too often provide results
that are inconclusive and fall on the borderline between
normality and abnormality. Moreover, when several tests are
employed, the conclusion to be drawn from each may vary so
much that the clinician has difficulty in knowing on which
test to place the most reliance. It is difficult to compare
the tests by studying in the literature the reports of their
use, since in each series the selection of cases varies and \
usually there is no separation of the subjects with obvious
hypothyroidism from those causing diagnostic difficulty.
It is obvious that the accuracy of any procedure may be greatly
enhanced by the inclusion of a majority of the former g?oup.
This is also true of the few attempts that have been made to
compare'the diagnostic accuracy of the investigations and in
these the humbers of patients have been small. The difficulty
in expressing clinical severity has also tended to invalidate
any comparison of the accuracy of the investigations and the
clinical diagnosis.

The object in this section, therefore, has been to
evaluate which test ot combination of tests will provide
confirmation of the clinical diagnosis most accurately, most

rapidly and with the minimal inconvenience to the patient.
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The investigations which have been studied in this
series are those which can be carried out in most centres
rather than those procedures which, although possibly of
greater diagnostic accuracy, require considerable technical
skill and special laboratories, or which involve undue
expense. For this reason such procedures as the measurement
of plasma protein-bound iodine and the erythrocyte uptake of
1311 labelled iodotlyronines have not been evaluated. A new
procedure, the measurement of reaction time, has, however, been
introduced. The large nﬁmber of patients studied has
allowed a confident assessment to be made of the diagnostic
value of each test. Moreover, since most tests were carried
out in the Qame subjects, it has been possible to compare the

accuracy of the tests not only with each other, but also with

the clinical diagnosis using the clinical diagnostic index.
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CHAPTER 12

RADIOACTIVE IODINE STUDIES

Since radioactive iodine has become generally
available it is now possible to study the fate of the
administered iodine at any of the many stages in its
metabolism, Following the initial studies of thyroidal
handling of 131y by Hertz et al (1938), it has been used
extensively in diagnostic procedures, and a very extensive
literature has resulted. This has been reviewed by
Beirwaltes et al (1957) and Wayne and Macgregor (1957).
The tests fall into four main groups, the dynamic rate of
accumulation of radioiodine by the gland, the percentage of
the dose taken up at a fixed time, the measurement of serum
protein-bound radioactivity and the amount of radiocactivity
found in the urine. The relative value of the different tests
still remains a matter of controversy. Some are of greater
value in the diagnosis of hyperthyroidism than of hypothyroidism
and vice versa. It is clear from the literature, however, that
the standard tests all have a high degree of diagnostic accuracy,
but no one test is infallible. A comparison between them is
made difficult by the varying selection of cases in the series
which advocate different procedures.

The tests of most value in demonstrating impaired function

of the thyroid are those reflecting the decreased avidity of
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the gland for iodine. This may be demonstrated by measuring
the gland uptake at various times after the administration of
the dose. Hamilton and Soley (1940) pointed out thaf the
thyroid and kidney compete for circulating iodide and that
there is inverse relationship between the uptake and the
excretion of radioiodine. The total urinary excretion
during 48 hours is therefore high in hypothyroidism, but,

as Skanse (1949) pointed out, there is a considerable

overlap between normal and hypothyroid subjects. In attempts
to overcome this and other problems such as the impairment

of renal iodide clearance which may occur in hypothyroidism,
numerous impfovements with divided urinary collections and
analysis of excretion rates have been developed. The
difficulties of obtaining accurate urine collections are,
however, increased by such procedures and do reduce their
feliability. An attempt, therefore, has been made to
evaluate which procedures will provide the most information
regarding the functional state of the thyroid in terms of

their ease of administration and operation, as well as

diagnostic precision.

Methods and Subjects
In 173 subjects the gland uptake of radioiodine was

(151

measured after an oral dose of 25 microcuries of radioiodine I).
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Fifty of these were the Doubtful Euthyroid group previously
defined. The diagnosis was unequivocal in 53 of 100
patients with primary hypothyroidism and the remaining 47
%ere in the Doubtful Hypothyroid group. A diagnosis of
Hashmoto's thyroiditis was established in a further 26
hypothyroid subjects. The uptake was measured at 24 hours
after the dose in 73 of the hypothyroid subjects and at 48
hours in‘50. In 23 it was also estimated at 4 hours.

The clearance rate of radioiodine was estimated by a
modification of the technique described by Berson et al (1952)
and was studied in 25 hypothyroid patients. After the
injection of 25uc of 1311 intravenously, the counting rate
over the gland was recorded at one minute intervals for
10 minutes and thereafter at every two minutes for a further
20 nminutes. A correction factor was applied to allow for
backscatter of radiation. The clearance rate was calculated,
taking into account the loss of 1311 in the urine, and
. expressed as millilitres per minute per aquare metre of
surface area.

Estimations of the serum protein-bound radioactivity
were carried out 48 hours after the administration of
radioiodine using the resin extraction method of Zieve et al
(1956).

The urinary excretion of radioactivity was measured
after collecting the urine in periods. In 53 cases the

periods were those advocated by Fraser et al (1953), namely
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0-8 hours, 8-24 hours and 24-48 hours. In 60 subjects
\

the periods were 0-6 hours, 6-24 hours and 24-48 hours,

as used by Mason and Oliver (1949). The 'T' index

(Fraser et al, 1953) was calculated for both groups.

Results

Detailed results of all the radioactive iodine studies

are given in Appendix V.

1. Gland Uptake -~ It can be seen from Table 15 that

this provides a marked separation of the patients with primary
hypothyroidism from the euthyroid group. Forty-nine (98%)
of the 50 in the latter group had uptakes greater than 19%

of tkhe dose. On the other hand, 97 of the 100 patients

with primary hypothyroidism had uptakes less then 20% of

the dose. The % subjects with normal uptakes were in the

Doubtful Hypothyroid group.

Although there was no difference between the results of
the uptakes carried out at 24 and 48 hours, in 9 of the 23
subjects in which the uptake at 4 hours was measured, it was
greater than 19%. By 24 or 48 hours it was less than 20%

in all 23 patients.



When the 26 patients who were hypothyroid as the
result of Hashimoto's thyroiditis are considered, it can be
seen that only 10 had uptakes less than 19%. If this group
were to be included with the patients with primary
hypothyroidism the diagnostic accuracy of the gland uptake
would fall from 97% to 85%.

2. Clearance Rate -- In 24 of the 25 subjects with

hypothyroidism in whom this procedure was carried out, the
clearance rate was less than 15.0ml/min/square metre of body
surface. In normal subjects the rate is always greater than
this using this method.

3, Protein-bound Radioactivity -- The serum protein-bound

radioactivity was within normal limits (less than 0.3% of the
dose per litre) in all but one of the patients with primary
hypothyroidism.

4. Urine Studies -- a. 0-48 hours - There was a

considerable scatter of the results of the urinary excretion
in this period both in euthyroid and hypothyroid subjects.
Although all but 2 of the 31 patients in the former group
excreted less than 69% of the dose in this period, values in
this range were also found in 25 (30%) of the 82 hypothyroid
cases. Table 16 shows that even in the Definitely
Hypothyroid group only 37 (78%) excreted more than 69% of

the dose. Values in this range were found in only 20 (57%)

122,
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of the 35 subjects in the Doubtful Hypothyroid group.

b. 6/8-24 hours - Table 17 shows that in the hypothyroid
subjects there is no significant difference in the
diagnostic accuracy of the results obtained in either the
8-24 hour or 6-24 hour periods. Thus, in the former
period 31‘(89%) of 35 patients excreted more than 20% of
the dose and in the latter period 43 (90%) of 48 patients
excreted more than 25% of the dose. The results of the two
groups can therefore be combined. It can bhe éeen that 89%
of both the definite and doubtful hypothyroid patients
excreted amounts of radioactivity‘outwith the normal range.
High values were, however, also found in 12 (40%) of the

30 subjects in the Doubtful Euthyroid group.

ces 24-48 hours - The excretion of radioactivity in this

period does not normaily exceed 10% of the dose. It can be
seen in Table 18 that 30 (88%) of 34 subjects in the
Doubtful Euthyroid group did excrete less then this.
Excretion of radioactiyity greater than 10% was found in 73

(87%) of the 84hypothyroid subjects.

d. '?! Index - Since two different collecting periods were

employed, the T index which is derived from these pefiods wvas
different for each group. The results are shown in Table 19.
It can be seen that the index derived from the group in which

the middle period was 8-24 hours (Tg) is superior to that



based on the 6-24 hour period (Tg)s both in the hypothyroid
and euthyroid subjects. Thus in the former, 30 (94%)

of 32 patients had indices less than 2.7 while only 4 (22%)
of the euthyroid cases had similarly low indices. When the
indices based on the 6-24 hour collecting periods (T6)

are examined, the respective figures are 83% and 36%. If
the two indices are combined, however, the overall
diagnostic accuracy is still satisfactory. Seventy (88%)
of the 80 hypothyroid cases had low indices, while normal

indices were found in 21 (72%) of 29 euthyroid subjects.

5e Combination of Radioiodine Studies -~ The results show

that the diagnostic accuracy of the radioiodine tests is
generally of a high order. This may be increased if more
than one test is employed. These most often used in
conjunction are the gland uptake and the 'T' index. In 79
hypothyroid patients in whom these two investigations were
carried out, and in all of whom one or other proved abnormal,
both were abnormal in 68 (86%). Similarly, when the results
of the gland uptake and 24-48 hour urine excretion are
congidered together (Figure 9) abnormal results by both tests
were found in 80 (85%) of 82 subjects, but in only one
hypothyroid patient were both normal. It is of interest to
note that in 17 hypothyroid patients with Hashimoto's

thyroiditis, although these two tests were in agreement in
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only 6, in a further 6 one or other gave abnormal results.

6. Comparison with the Clinical Diagnosis =-- The use of

the clinical diagnostic index permits a comparison to be made
of the accuracy of the various methods of investigation with
that of clinical evaluation. Thus when the index is
considered with the results of the gland uptake in 96
hypothyroid subjects (Table 20) it can be seen that a
correct diagnosis was made by both methods in 83 (87%) and
that one or other favoured the diagnosis in all but one of
the remaining 13 subjects. The table does suggest that the
uptake has a significantly higher diagnostic accuracy than
the index, but it must be remembered that only one of the 11l
cases which were not correctly diagnosed by the index was
in fact wrong; the remainder merely fell within the equivocal
range. All 50 subjects in the Doubtful Euthyroid group were
correctly diagnbsed by the use of the two procedures.

A similar comparison between the index and the 24-48
hour urine excretion is shown in Table 21 and Figure 10.
It can be seen that both procedures were abnormal in 64 (80%)
of 80 hypothyroid subjects. One test was abnormal in 14
(17%) of the remaining 16. In the Daubtful Euthyroid
group both were normal in 22 (73%) of 30 subjects and both

abnormal in only one.

Since the results of the gland uptake in hypothyroid
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subjects fell within such a small range it is not likely
that there would be any correlation between gland uptake
and clinical severity. No significant correlation

(r = +0.185) exists between the 24-48 hour urine excretion
of radioactivity and the diagnostic index when the latter

is employed as a measure of clinical severity.

Discussion

The measurement of the gland uptake of radioiodine is
probably the most simple and rapid of all the diagnostic
procedures employing radioiodine. Nevertheless, opinions
regarding its reliability in the diagnosis of hypothyroidism
~are varied. This is in part due to the fact that the values
for normal subjects vary with the techniques employed and with
the geographical location. Thus, reported normal values in
the eastern United States range from 10 to 45% (Werner et al,
1950) while in the mid-western States the lower limit is 6%
(Keating et al, 1947). In this country, however, the normal
ranges are higher, values less than 20% generally being
: regarded as abnormal (Goodwin et al, 1951). Most observers
agree that whereas the uptake at 4 hours is of considerable
value in the diagnosis of thyrotoxicosis, it is much less
useful in the investigations of hypothyroidism in view of the
considerable body background from circulating iodide

unexcreted at this period. McConahey et al (1956), however,
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did find that there was less overlap between normal and
hypothyroid subjects using the 6 hour uptake than with the
24 hour uptake. The present series, on the other hand,
makes it clear that an uptake at either 24 or 48 hours is
much more reliable than at 4 hours. There is no difference
in the accuracy of the procedure when carried out at either
of these former times.

The precision of the gland uptake in separating euthyroid
subjects from those with primary hypothyroidism is of a high
order. It must be remembered, however, that in some
hypothyroid states other than the primary disorder, the gland
uptake and indeed all the radioiodine tests, may be much less
reliable. For example, when impaired thyroid function is
secondary to pituitary failure, normal values for the
uptake may be found, as did occur in 9 of 17 patients in whom
hypothyroidism secondary to hypopituitarism was demonstrated
during the period of this study. The gland uptake was also
within normal limits in 13 of 28 patients who became

1311.

hypothyroid following treatment of thyrotoxicosis with
The uptake may be elevated when hypothyroidism results from
overdosage by antithyroid drugs and high values are also

found in cases of goitrous cretinism. In these circumstances
however, the preceding history will usually provide sufficient
warning that the results of radioiodine studies should be

interpreted with caution. The condition that is possibly

most likely to lead to difficulty is Hashimoto's thyroiditis



since the clinical picture is indistinguishable from primary
hypothyroidism except that a goitre is present. The use

of radioiodine studies in the diagnosis of this disorder
has - been examined by Murray and McGirr (1960). The

results showed that even when the patient is frankly
hypothyroid, all the radioiodine studies may be in the normal
range. It is essential, therefore, that the diagnosis of
Hashimoto's thyroiditis be made in order to separate these
subjects from cases of primary hypothyroidism. In the
majority of patients suspected of hypothyroidism, the

finding of enlargement of the thyroid should provide adequate
warning that the studies may be of little value in showing
impaired thyroid function. In some patients, however, the
goitre may be minimal and difficult to palpate and Hashimoto's
thyroiditis may consequently not be suspected. It is
especially in these circumstances that radiociodine studies
may be misleading. | It is of interest, therefore, to note
that abnormal thymol turﬁidity tests and elevated serum
globulin levels were found in two of three subjects,
apparently with primary hypothyroidism, but in whom the gland
uptake was greater than 19%. These subjects were thus in
fact probable cases of "auto-immunising thyroiditis", but
being apparently agoitrous coﬁld not be diagnosed as such

except by the finding of abnormal biochemistry. It seems
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possible that varied inclusion of such cases as these in
certain of the reported series accounts to a great extent
for the varying results in studies of radioiodine
investigations in the diagnosis of hypothyroidism.

The gland uptake is rarely low in the absence of
hypethyroidisg unless, as will be seen later, the patient
has received thyroid therapy or iodide in any form. Low
uptakes will also be found in patients with acute and
subacute thyroiditis, but the clinical picture'is so
different that errors in diagnosis should not be encountered.

Myant et al (1949) and Keating et al (1949) proposed
that a direct measure of thyroid activity may be obtained by
testing the thyroid clearance rate. This does provide an
ipdex of thyroid iodide utilisation, but as Riggs (1952)
'éointed out, it is less specific than even uptake estimations
as & measure of hormone secretion, as it is influenced to a
considerable extent by the renal clearance of iodide. The
method described by Myant et al, moreover, is cumbersome,
involving estimations of the plasma radioiodine as well as
serial measurements of gland uptake. Other procedures
designed to reflect the dynamic changes in iodide metabolism
have therefore been introduced. Many of these are also
unduly complex, as for example, that advocated by Haig and
Reiss (X350). The technique described by Berson et al (1952)

has probably been most widely used. Coenegracht and Fraser
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(1955) found a good correlation between this test and the
'T' index, but suggestéd that it was less sensitive than
the urine excretion studies or the 24 or 48 hour gland
uptake in lesser grades of hypothyroidism. Although
McConahey et al (1956) considered that determination of
thyroidal iodide clearance was quite useless in the
diagnosis of hypothyroidism, the present study suggests that
it is just as accurate as the gland uptake. It wes noted
in fact that in one hypothyroid subject the clearance rate
was low although the gland uptake was normal. Apart from
this one case, however, there-is little to suggest that
this technique, so much more time consuming, is to be
preferred to the gland uptake. It will, however, provide
diagnostic information within 30 minutes and, if rapidity
is required, will obviously be of value. With the

1321 and the use

introduction of the shorter-lived isotope
of an automatic recorder (Farran, 1958), there is a
possibility that the procedure may become more acceptable

as a routine clinical investigation.

The sensitivity of counting equipment at present
available does not permit discrimination between the very
low normal levels of circulating serum protein bound

radioactivity and the negligible amounts in hypothyroidism.
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The estimation of protein-bound radioactivity is therefore
of no value in the diagnosis of hypothyroidism. Elevated
lévels, however, are frequently found in Hashimoto's
thyroiditis even in hypothyroid patients and if present should
suggest the possibility of this diagnods.

Since there is an inverse relationship between the gland
uptake and urinary excretion of radioiodine, it is not
surprising that as a result of the decreased avidity of the
gland in hypothyroidism a large amount of radioactivity is
found in the urine. There are, however, differences in
opinién regarding the reliability of the urine excretion
as an index of impaired function. It is generally agreed
that the output in the first 24 hours is of little wvalue
since there is considerable overlap between normal and
hypothyroid subjects. Skanse (1949) for example, showed
that in the former the output varied from 39.9 to 81.3% with
an average of 60.6%. In hypothyroidism he found the
average excretion to be 61.4%. Wren the 48 hour
excretion was examined the'respective average figures were
65.9% and 83.6%. Fraser et al (1953) also showed that
there was a separation between euthyroid and hypothyroid
subjects using this period, but considered it too insensitive

to detect slighter degrees of altered thyroid function.



The experience in the present series has been similar, since
the output in 30% of hypothyroid subjects lay within the
normal range. It should be noted, however, that only 6%
of the normal individuals excreted more than 69% and a

value higher than this must favour a diagnosis of
hypothyroidism.

Keating et al (1947) first noted that the sensitivity
of the urinary excretion of radioiodine as a test of thyroid
function could be consiierably increased by the collection
of urine over selected time intervals. This procedure has
been developed (Arnott et al, 1949; Martinelli et al, 1948;
Mason and Oliver, l949), but the technique described by
Fraser et al (1953) has, certainly in this country, been most
generally accepted. The periods advocated by these workers
were 0-8 hours, 8-24 hours and 24-48 hours. The largest
amount of radioactivity was excreted in the middle period.

It seemed likely that this would be increased by extending
the period to 6-24 hours and thus provide better separation
between normal and hypothyroid values. The results show

that there is, however, no significant increase in the
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diagnostic accuracy of the two periods. The normal upper.limits

of 20% in the 8-24 hour period and 25% in the 6-24 hour
period were exceeded in 89% and 90% of hypothyroid subjects

respectively. When the 'T' index, however, was derived from
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the two series it was clear that the index based on the

6-24 hour collection was less sensitive in detecting
impaired thyroid function than that based on the 8-24

hour period. The 'T' index was introduced by Fraser et al
(1953) and advocated as a method which would help to
overcome the fallacies resulting from renal and cardiac
impéirment that may render urinary tests of thyroid function
unreliable. They found it of value in the diagnosis of
hyperthyroidism, but considered that it was slightly less
sensitive in the detection of hypothyroidism. The present
series, however, shows that in fact it is the most accurate
of all the tests based on the urinary excretion in indicating
impaired thyroid function.

The accuracy of all these investigations depends on
exact urine collection. This is often difficult in a
general hospital ward, but the risk of errors is increased
when collections are to be carried out by outpatients. In
the hands of intelligent patients this risk is often slight
but it must be remembered that in hypothyroid subjects
cerebration is very frequently ippaired. The likelihood
of erroneous collections is increased if divided periods
are required. It is claimed that by the use of these
divided periods faulty collection can readily be detected

and thus erroneous conclusions avoided. This merely



emphasises the chances of invalidating this method of
assessment. Since the 'T' index requires three periods of
collection it may be affected by mistakes in any of them.

Ideally the routine procedure of choice is that which
gives the most diagnostic information while being the
simplest to carry out. It is obvious that if a single
collection will suffice the patient is more likely to
understand and follow the instructions. It has already been
shown that in the 0-24 hour and 0-48 hour pepiods there is
considerable overlap between euthyroid and hypothyroid
subjects. If a single period is required, the chdice
therefore lies between the 6/8-24 hour and the 24-48 hour
periods. Using either of these there is relatively little
difference when applied to hjpothyroid subjects, abnormal
resﬁlts were found in 89% using 6/8-24 hour collections and
67% with 24-48 hour.

The true diagnostic value is best assessed by
considering all the patients causing initial diagnostic
difficulty, whether euthyroid or hypothyroid. Using the
6/8-24 hour period, results agreeing with the final diagnosis
were obtained in 50 (76%) of 66 patients, while with the
24-48 hour collections agreement was found in 63 (90%) of 70
cases. It would appear, therefore, that the latter provides
greater diagnostic precision. Moreover, collections are

much easier to carry out in a 24 hour period. Although this
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procedure is probably not quite so accurate as the 'T!
index and may occasionally produce results difficult to
interpret. in view of concomitant renal or cardiac disease,
it is nevertheless suggested that it is the most useful
-urine test in routine practice. If gland uptake
measurements are not possible, as for example when the
patient is at a distance from a hospital with radioiodine
facilities, this procedure will provide a reliable and simple
method of assessing thyroid function.

Although a single test may be sufficient for diagnosis,
greater reliability can be placed on two procedures when
these are:in agreement. This can be illustrated by examining
the results of the gland uptake and the 24-48 hour‘ﬁrine
excretion. Both tests were abnormal, thus providing strong
evidence of impaired thyroid function, in 85%‘of subjects
proved to be hypothyroid. In the remainder, one or other
was abnormal in all but one case. The use of the two testa
introduces a group in whom the results are not in agreement,
but reduces the number of patients who would have been
wrongly diagnosed if only one test had been carried out.

The finding of results not in agreement merely should indicate
the necessity for carrying out further investigations. It
has been shown that the use of the clinical diagnostic

index along with either or both of these procedures, produces

a high degree of diagnostic accuracy. Thus, for example,
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when the index and uptake are used together one or other
was abnormal in 95 of 96 hypothyroid subjects. It is even
more significant that the diagnosis suggested by the uptake
proved ultimately to be the correct diagnosis in 18 of 22
subjects who had indices within the equivocal range.

When the clinical index, uptake and 24-48 hour
excretion are considered, all three were abnormal in 60 of
77 patients. Abnormal results were present in two out of
the three procedures in 15 of the remaining 17 subjects.
The use of this combination therefore provided very atroﬁg
evidence in favour of the diagnosis of hypothyroidism in
97% of the patients. Similarly, when the Doubtful Euthyroid
group is examined, it can be seen that, using these three
,paramefers, at least two normal results were found in 32 of
3% subjects in which they'were carried out.

It must be remembered, however, that all these
radioiodine techniques'are subject to fallacies. The
problems that may arise when hypothyroidism results from a
certain specific aetiological factor have already been
discussed.

In interpreting the results of radioiodine studies, it
is important to bear in mi;d the fact that there is a
decrease in thyroid uptake with increasing age. Perlmuther

and Riggs (1949) found that in a group of 162 euthyroid
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cases the mean "aqcumulation gradient" fell with each
decade. Quimley et al (1950) also detected a small, but
significant decrease in the 24 hour thyroid uptake with
increasing age. More reéently, Macgregor (1958) has
shown that with advancing years there is an increase in the
urinary excretion of radioiodine both in the 8~24 hour and
the 0-48 hour periods. As a result, there is a
statistically significant correlation between a decreasé in
the T index and increase in age. Macgregor pointed out
the importance of these findings with regard to possible
errors in the diagnosis of hyperthyroidism, but it is
obviously equally significant as a potential source of error
in the diagnosis of hypothyroidism. In the Doubtful
Euthyroid group, 13 subjects were over 60 years of age. In
three, abnormal results of urine studies were found. In two
the 6-24 hour value was higher than normal and in the other
the 24-48 hour was abnormal. It is important therefore
that in this age group the urine excretion values should be
intrepreted with caution. The gland uptake results. in
these three cases were within normal limits.

The most likely source of errors in these procedures
arises from concurrent or past administration of drugs.
Jodine in organic or inorganic form results in saturation of
the gland and subsequent inhibition of the uptake of 1511.

It is not infrequently taken for medicinal reasons as for



example in the form of cough mixtures or4lozenge§ for
chronic chest disease so common, especially in winter, in
the West of Scotland. It is essential that patients
should be questioned regarding recent ingestion of such
remedies. Indeed, it is now recognised that, in some
?ndividuals, continued administration of iodide usually
in these forms, may produce thyroid enlargement. In the
course of this study 6 such "iodide goitres" were
encountered. Three of these patients were frankly
hypothyroid. In such patients, radioiodine studies
demonstrate impaired thyroid uptake and increased urinary

excretion of 1311. If, however, the history of chronic

ingestion of iodide-containing mixtures is obtained, life-long

administration of thyroid hormone can be avoided merely by
ensuring that the patient discontinues taking such compounds.
In this way the.evidence of hypothyroidism will disappear
and the goitre regress.

The barium used in gastro-intestinal investigation may
contain iodide, but the quantity involved is not large.
In other radiological procedures, however, organic iodinated
compounds are used as contrast media. Following
cholecystograms, intravenous or retrograde pyelography,
arteriography and similar investigations, therefore, the
gland uptake may be low and of little diagnostic value.

Whereas folloling the ingestion of inorganic iodide compounds
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there will usually be a return to normal uptake levels in
euthyroid subjects in 4-6 weeks, the depression of uptake
following these radiological procedures is much more
persistent and the effect may last from three to six months.
When Lipiodol has been employed in bronchographic studies,
inhibition will continue as long as the compound is present
in the body and Carter et al (1959) have shown more than
445 days may eiapse before normal uptake values are again
found. Iodised salt contains less than 0.01% of iodine.
Normally this is insufficient to effect the radioiodine
studies, but may do so occasionally depending on the daily
ingestion. When it is suspected that there has been
administration of iodide, chemical analysis of the urine may
show an increase in the iodide content.

The administration of thyroid, thyroxine and tri-iodo-
thyronine is followed by a reduction in the uptake of 1311
by the normal thyroid. Uptake is diminished throughout the
period of therapy and for a variable time after treatment is
discontinued. All too often this presents a problem in
patients suspected of hypothyroidism, since their own
practitioner has often prescribed thyroid before referring
them to hospital. | A minimum of four to six weeks is
required after therapy has been stopped before 1511 procedures

can be used with any confidence being placed on the findings.

The depression of thyroid function produced by thyroid and
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thyroxine, however, can be differentiated from true
hypothyroidism by means of the administration of thyroid
stimulating hormone (T.S.H.).

The possibility that fallacious results may be produced
by the previous administration of iodide or thyroid is far
from theoretical. There is a constant risk that, inrany
patient suspected of hypothyroidism, radioiodine studies will
not be of any value. A clinician should not place complete
reliance on them and must therefore have other investigations
available.

Although this study shows that the use of radioactive
iodine provides a useful method in detecting impaired thyroid
function, it would appear that the tests are less sensitive
than in the diagnosis of hyperthyroidism. The results may be
compared with those of Crooks et al (1959). A series of patients
was studied who presented difficulty in the diagnosis of |
thyrotoxicosis and it was shown that, using a combinafion of the
4 hour uptake and 48 hour protein-bound radioactivity, agreement
between these two tests existed in 97% of cases. A significant
correlation was found between clinical severity of thyrotoxicosis
and béth the 4 hour gland uptake and 48 hour protein-bound
radioactivity. No such correlation between severity and the:
radioiodine studies exists in hypothyroidism.

Various other procedures involving the use of radio-

active iodine have been devised in attempts to increase the
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diagnostic accuracy in hypothyroidism. Ingbar and
Freinkel (1955), for example, showed that the degradation
rate of radio-thyroxine was decreased in hypothyroid states.
However, like many other tests advocated, the procedure

is complex and has little practical value as a routine
d#agnostic method. Although simpler techniques are
.required for the measurement of the uptake of 131I-la.belled
tri-iodothyronine by erythrocytes (Hamolsky et al, 1957)

or by resins (Sterling and Tabachnick,1%l) the labelled
compound remains at present too expensive for use in a
routine diagnostic procedure. Consequently it would
appear that the diagnostic accuracy obtained with the
combined use of gland uptake and 24-48 hour urine output of
1311 cannot at the present time be improved on by any

other similar investigation without greatly increasing the

complexity and difficulty of application of the tests.

Conclusions
This study has confirmed the value of radioactive
iodine (131I) studies in demonstrating hypofunction of the
thyroid. The most useful procedure for use i£ routine
investigation is the measurement of the gland uptake at 24

131

or 48 hours. Decreased glandular avidity for I can also

be shown by the %-hour clearance rate which, although



involving a more complex technique, can be employed when
diagnostic information is rapidly required.
Discrimination between normal and impaired thyroid
function can also be obtained by studying the urinary

131

excretion of I. Several procedures may be used for
this, but the measurement of the excretion in the 24-48
hour period is preferred since it is comnsidered to be

least liable to the possible errors that may arise from

incorrect collections. All these tests may be invalidated

by the recent administration of iodine or thyroid.

Misleading results may also occur in certain instances when

the thyroid failure is the result of certain specific causes.

Accordingly, although these procedures can be regarded as
being of great assistance in confirming the clinical
diagnosis, complete reliance must not be placed on them.

In the routine investigation of suspected hypothyroidism,

therefore, complementary tests of thyroid function should be

performed.

]
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CHAPTER 13

THE BASAL METABOLIC RATE

Over many yeéra, the estimation of the basal metaboliec
rate (B.M.R.) has been a standard method of dssessing thyroid
fanction. With the advent of more recent diagnostic
- procedures, however, its usefulness has been questioned, since
its diagnostic accuracy is dependent on many variable factors,
such as the techniques employed and the standard of normality
chosen. In this study, therefore, particular attention has
been paid to these and the extent to which they may influence

the diagnostic precision of the procedure.

Methodsand Subjects
The B.M.R. was estimated in 131 people, all of whom were

admitted to hospital. The standard Benedict-Roth apparatus
was used, but two different procedures were employed. In the
first, termed Method A, the patients were given 200mg of
butobarbitone twelve hours before each test. The estimation
was carried out by the same experienced technician in every
case. The test was done in duplicate on two days and the
lowest of the four values was accepted. No standard sedation
was administered in the second series, Method B, and the
estimation was performed by any technician available. The

results in both series were expressed as the percentage
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deviations from the normal means in terms of the standards
of Robertson and Reid (1952) and Aub and Du Bois (1917).
Method A was employed in 40 hypothyroid patients of
whom 17 were in the Doubtful Hypothyroid group, and in 30
subjects in the Doubtful Euthyroid group. In 53 subjects
Method B was used. Twenty-three were in the Doubtful
Hypothyroid group. Only 8 of the Doubtful Euthyroid group
were investigated in this way. In all the hypothyroid
subjects, the condition was either primary or resulted from

Hashimoto's thyroiditis.

Resﬁlts

A comparison of the results obtained by the two procedures
(Appendix IV) is shown in Table 22. It is clear that the use
of a standard technique carried out by a careful observer
improves the accuracy of B.M.R. estimations considerably. In
the 40 hypothyroid patients investigated by Method A, the B.M.R.
was less than -15% (Robertson and Reid) in 31 (77%). Similar ..
low readings were obtained in only 28 (53%) of the 53 patients
in whom Method B was employed. The numbers of euthyroid
patients are too small to permit a significant conclusion to be
drawn.

Table 22 also shows that in the patients presenting

disgnostic difficulty, the B.M.R. is less accurate than in those
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- in whom there was no clinical doubt. This is obvious

in both series, although it is more marked using Method B.

If they are considered together, the B.M.R. lay outwith

the normal range in 38 (72%) of the 53 subjects in the
Definite Hypothyroid group, but was below -15% in only 21 (53%)
of the 40 Doubtful Hypothyroid cases.

Since these studies show that the B.M.R. estimations
are most unreliable unless a standard and uniform technique
is adopted, the results of Method B have been omitted from the
subsequent analyses.

The effect on the diagnostic accuracy of the B.M.R.
produced by the use of different ranges of normal metaboliec
rate is shown in Table 23. It can be éeen that the use of the
Aub and Du Bois standard, taking the lower limit of normal as
-20%, possesses little advantage over the Robertson and Reid
standards. Thus in 40 hypothyroid subjects 33 (83%) were
correctly diagnosed by the former compared with 31 (77%) by
the latter. When, however, the lower limits of the Aub and
Du Bois standards are raised to -15% and -10%, 36 (88%) and
39 (97%) respectively of these same subjects had B.M.R.s
outwith the normal range. It must be noted, nevertheless,
that when these limits are used a larger humber of euthyroid
subjects were incorrectly diagnosed. As a result there is

little change in the overall accuracy of the B.M.R. diagnostic
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procedure. In the 70 patients in whom the test was carried
out 60 (86%) were correctly diagnosed using the Robertson

and Reid standards. The comparable figures using -20%, -15%
and -10% (Aub and Du Bois) are 61 (87%), 59 (84%) and 60 (86%).

The B.M.R. estimatibn was repeated after therapy in §
subjects who, when hypothyroid, had B.M.R.s within the normal
range (mean value -8% Robertson and Reid). In all the
B.M.R. increased and when they were euthyroid the mean value
was +12%. These changes in the B.M.R. are illustrated in
Figure 11. In none of these subjects was there any evidence
of overdosage with thyroxine.

When the results of the B.M.R. estimations are compared
with those of the clinical diagnostic index (Table 24) it can
be seen that one or other was abnormal in all 40 hypothyroid
subjects in whom Method A was used. Both tests were in
agreement in 29. The index provided the correct diagnosis in'
é patients whose B.M.R. lay within the normal range. Two
subjects had equivocal indices. but abnormal B.M.R.s. There

is no correlation (r = -0.254) between the B.M.R. and diagnostiec

index in the hypothyroid group.

Discnssion
Many conflicting opinions exist regarding the usefulness

of B.M.R. estimations in assessing the state of thyroid function.
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Comparisons between various series are, howevér, made
difficult in view of the varied selection of cases and the
different techniques and standards of normality employed.

It is clear, however, that the most important factor
that influences the accuracy of the procedure in the
diagnosis of hypothyroidism is the method by which
determinations are carried out. Nearly all the errors
inherent in the technique are in favour of producing a
fallaciously high result. Means (1948) pointed out that the
value of a single determination of B.M.R. is analogous to a
single observation of pulse rate, temperature or blood pressure.
Bobertson (1944) advocated repeated readings until the second
of two duplicate estimations differed by no more than 5% from
the first duplicate on the same day. Boothby et al (1936)
on the other hand, took as their level the first determination,
arguing that it is not possible to obtain truly basal readings
in clinical practice. The procedure employed in this series
is a compromise between these two views. Nervous tension is
not uncommon at the initial test and the initial reading is
frequently higher than later readings. This is, of course,
particularly of importance‘in the investigation of
thyrotoxicosis, but is also of significance when hypothyroid
subjects are being studied. Although in advanced hypothyroidism

the patient is typically somnolent and obtaining a true basal
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reading presents no difficulty, milder cases may well be
nervous and apprehensive as the symptom analysis has already
shown, As a result, the B.M.R. may be fallaciously raised unless
strict attention is paid to the technique. The comparison
between the two pwocedures by which the B.M.R. was estimated
illustrates the extent to which thé technique may influence
the result. It is of interest to observe that Werner (1955)
considered that the B.M.R. determination offered‘not much
more than a 50% correlation with the clinical appraisal of
thyroid activity, but that approximately 80% correspondence

is attainable with special care.

Although it is obvious that thé technique dexribed as
Method B is far from satisfactory, it must be remembered that
there are few centres where facilities are available for B.M.R.
estimations to be carried out with the scrupulous attention
that was employed in Method A.  This is especially true wheﬁ
large numbers are being investigated, and presents a strong
argument against reliange on the B.M.R. estimation as a
routine procedure in the assessment of thyroid function. It
may further be noted that the test is less accurate in those
éases where it is most required, the patients in whom diagnostic
difficulty has been found on clinical grounds. It is possible
that in these subjects particularly, more precision might be

obtained by the use of the "sleeping metabolic rate" described



by Fraser and Nordin (1955). However, the advantages
gained by this method are unlikely to be commensurate with
the labour involved and the inconvenience to the patient.
Even with the most exacting attention to the performance
of the test, it is likely that some cases of hypothyroidism
will be found to have a "normal" B.M.R. This may happen when
the patient's B.M.R. in health lies at the upper limit of the
normal range. This explanation gains support from the
changes in the B.M.R. (Figure 11) in 5 cases in all of whom
a normal B.M.R. was associated with proven hypothyroidism.
Therapy, which made these patients euthyroid, was

accompanied by a mean rise in the B.M.R. of +20%.

The diagnostic accuracy of the B.M.R. reported in various
seriés varies considerably. This is partly because the
different observers draw different interpretations from the
results. Thus some observers consider that the finding of a
normal B.M.R. is more important and indicates the absence of
hypothyroidism. Others, however, state that a normal B.M.R.
is of little diagnostic significance, but that a low reading
is strongly in favour of impaired thyroid function. These
differences arise from the use of different standards of

normality. In an admirable review of this subject, Skanse

(1949) points out that in various series the limits of normality
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nave been *10%, ¥ 1245, * 13%, * 15% and ¥ 20% of the mean
standards laid down by Aub and Du Bois (1917). Robertson

and Reid (1952) concluded that the standards of Aub and Du Bois
were too high for this country, either because of population
differences or differences in technique or a combination of
both. Accordingly they produced new standards for the basal
metabolism of normal people in Britain based on a study of

987 males and 1323 females aged between 3 and 80 years. Their
normal ranges for age and sex were calculated on the basis of
%2 s.D. from the mean values (about & 15%). An estimate of
B.M.R. expressed in terms of these standards will be about
7-10% higher than an estimate based on those of Aub and Du Bois.
The results show that, when the two standards are compared, low
readings are found in hypothyroid subjects more frequently when
the Aub and Du Bois standards are used. Thie difference is
not significant when -20% is taken as the lower limit of normal
as is perhaps now most commonly done (Baron 1956). When-15%
and -10% are considered as the lower limits, the increase is
more marked. Thus 39 (97%) of the 40 patients studied had
readings less than -10%, the level advocated by Soffer (1956).
There was, however, a reciprocal increase in the number of
euthyroid subjects whose B.M.R.s were outwith the normal range,
9 (30%) of 30 cases. It is clear, therefore, that the

diagnostic significance of the results obtained when using the
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two standards must be evaluated differently. Thus with Aud
and Du Bois standards a normal B.M.R. (greater than -10%)

will provide strong evidence against the diagnosis of
hypothyroidism. If the Robertson and Reid standards are
employed, a normal B.M.R. will not necessarily indicate normal
thyroid function, but a low reading is likely to be incompatible
with this. There is no difference in the overall accuracy of
the two in separating normality from abnormality and accordingly
little to favour the choice of either for & routine use in the
diagnosis of hypothyroidism. However, a comparison of the two
standards by Crooks et al (1958) in the diagnosis of
thyrotoxicosis did show that the British standard provided greater
reliability. It may be suggested, therefore, that the
Robertson and Reid standards should be universdlly adopted in
this country.

An objection to the use of B.M.R. estimations is the
occurrence of "hypometabolism without hypothyroidism". In
various series the proportion of patients in whom low B.M.R.s
have been found without any other evidence of impaired thyroid
function differs considerably. These differences may again
be largely due to the use of different standards of normality.
It is obvious that if the lower limit is considered to be -10%
many more "low" B.M.R.s will be found in euthyroid subjects
than if -20% is used. An alternative reason in some

individuals may be the result of the method of estimating the
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B.M.R. As long ago as 1922 Boothby and Sandiford suggested
that heat-production is proportional to the active protoplasmic
mass of the body and that this in turn is related to surface
area. Thé possibility existed, therefore, that an increase
in fat results in an increase in surface area without a
proportionate change in basal oxygen consumption. This
effect of depot fat on the B.M.R. as calculated from surface
area was supported by the findings of Krebs and Johnson (1948)
who considered that depot fat has a very low rate of oxygen
utilisation and this was also recognised by Keys and Brozek
(1953) and Bernstein et al (1956). Recent studies, however,
suggest that fat is considerably more metabolically active
than previously thought (Kekwick, 1960). Nevertheless, it is
of interest to note that of 58 euthyroid subjects in whom
Baron (1956) found low B.M.R.s, 17 were cases of simple obesity
and it must still be considered possible that their B.M.R.s
were fallaciously low because they were calculated from an
abnormally high surface area.

It must be remembered that hypometabolism may occur in
patients with disturbances of endocrine glands other than the
thyroid (Baron 1956). The conditions most frequently
encountered are eunuchoidism and anorexia nervosa, while low
values are also occasionally found in subjects with Addison's
disease. These disorders are, however, usually easily »

distinguished on clinical grounds.
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This study has shown that the estimation of basal
metabolic rate is of limited value in confirming the diagnosis
of hypothyroidism, although a low reading is of significance.
Serial estimations after the initiation of treatment may,
however, be considerably valuable since, as will be shown iﬁ
a later section, the effect of therapy may often be
demonstrated by changes in the L.M.R. before any significant

improvement is apparent in the clinical state.

Conclusions

The hypometabolism typical of hypothyroidism may be
demonstrated by the estimation of the basal metabolic rate.
The results, however, are only of significance if a truly
basal reading is obtained. This requires a scrupulous
attention to technigue such as is not generally obtainable
or practical. The diagnostic accuracy obtained in any
series will also depend both on the standards and ranges of
bormality employed. The results in this study favour the
adoption of the Robertson and Reid standards, particularly
since low values will be found less frequently in euthyroid
subjects. Nevertheless, in view of other inaccuracies that
may be encountered, such as the association of "normal"
B.M.R.s with proved hypothyroidism, the application of the

procedure as a routine test in diagnosis is limited.



154.

CHAPTER 14

SERUM CHOLESTEROL

Although there is considerable experimental evidence of
an association between thyroid function and the metabolism
of cholesterol, the value of the alterations in blood
cholesterol levels as indices of the thyroid state has been the
subject of controversy for many years. It is now genersally
accepted that significantly low values are not encountered
sufficiently frequently in thyrotoxic subjects to make its
estimation of use in the routine investigation of hyperthyroidism.
Considerable disagreement, however, persists regarding its
place in the diagnosis of primary hypothyroidism. In this
chapter the results obtained in this study are presented and an
attempt made to assess the usefulness of the serum cholesterol

as a diagnostic procedure.

Method and Subjects

The serum cholesterol was estimated in 281 subjects using
the method of Bloor (1916). Hypothyroidism was proved in
119 cases. The diagnosis was clear-cut in 68, but was not
obvious in the remaining 51,  the Doubtful Hypofhyroid group.
Diagnostic difficulty was also present in 59 patients shown
later to be euthyroid, the Doubtful Euthyroid group.

The estimation was also carried out in 103 normal healthy



155.

subjects of approximately the same‘age group in order to

provide a range of normal values.

In 39 subjects with hypothyroidism the serum
cholesterol estimation was repeated when, following treatment,

they had become unequivocally euthyroid.

Results

In both the euthyroid and hypothyroid subjects there was
a considerable scatter of results but it can be seen (Figure 12)
that the values are higher in the latter group. Thus 132 (81%)
of the 162 euthyroid subjects had serum cholesterol levels
below 300mg%, whereas it was higher than this in 97 (81%) of
the 119 hypothyroid patients (Table 25). Even high levels
(greater than 350mg) were present in 66 (56%) of these cases,
but such values were only found in 8 (5%) of the euthyroid cases.
Conversely only 7 (6%) of hypothyroid patients had values less

than 250mg% compared with 98 (60%) of the euthyroid group.

There is a close correspondence in the distribution of
results in the "Definite* and "Dbubtful" groups of both euthyroid
and hypothyroid subjects. If 300mg is taken as the dividing

line, 95 of 110 doubtful cases (86%) could be correctly categorised.
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The serum cholesterol fell after treatment in all of the
39 hypothyroid subjects in whom serial estimations were made
(Figure 13), although in 2 patients the fall was less than
50mgk. The mean fall was 45.5%. In 32 subjects the value
before therapy was greater than 300mgh, but in all but 2 was
below this when they because euthyroid. In these two,
initially very high values of 614mg% and 556mg% fell to only
moderately raised levels of 334mg% and 321mgh, falls of 45%
and 42% respectively. Considerable reduction of serum
cholesterol mas also apparent in four subjects who initially
had values below 300mg%h. An ultimate level of 185mg#h was
found in 3 of these in whom the levels prior to treatment had
been 292mg%h, 28Tmgh and 256mgh. One subject is of special
interest since repeated estimations before treatment showed
values of 200mg%, while after treatment the level was 138mgh
which is below the lower limit of the normal range.

When the results of the cholesterol estimations are
comgared with the clinical diagnostic index (Table 26) it can
be seen that agreement existed between the two parameters in
81 (69%) of 117 hypothyroid subjects. One or other was
abnormal in all but one of the remaining 36 patients. Ten
of the 12 hypothyroid patients with indices in the equivocal
range had high serum cholesterol levels as had the only case

incorrectly diagnosed by the index. In 49 cases in the



157.

Doubtful Euthyroid group, agreement existed in 37 (79%) with
only one case having both tests abnormal.

No significant correlation (r = +0.043) was present
Between the degree of elevation of cholesterol and the
values of the index in the hypothyroid patients. There was
also no correlation between the values of serum cholesterol
and of basal metabolic rate estimated by the Method A
previously described ( r = -0.244). 1In 39 hypothyroid
patients studied with these procedures both provided the
correct diagnosis in 26. Of the remaining 13, the
cholesterol was correct in 6, the B.M.R. in 4, while both

were wrong in 3.

Discussion

The observations by Mason et al (1930) that the serum
cholesterol was frequently elevated in hypothyroidism led
many investigators to study its value as a diagnostic aid.
Their conclusions were often contradictory. Some authors,
for example Boyd and Connell (1936), doubted its reliability.
On the other hand, Hurxthal (1934) considered it more valuable
in indicating hypothyroidism than the B.M.R. The procedure
gained greater support following the comprehensive study by
Gildea et al (1939). These authors found that a serum

‘cholesterol of over 300mg% was greatly in favour of hypothyroidism
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while this diagnosis was practically excluded by finding a
value less than 275mgh. They pointed out that, if the
cholesterol was below this level, thyroid therapy would be
most unlikely to relieve sympfoms suggestive of
hypothyroidism or to produce a significant decrease in the
cholesterol. They concluded that in patients with a high
cholesterol and a low B.M.R. the diagnosis of hypothyroidism
should be made until disproved by a failure to improve after
an adequate period of therapy. Most clinicians would not
now place quite so much reliance on the test. In general,
however, the results oflthe présent study do in fact support
the views of Gildea et al (1939).

It has been found that, while 81% of the euthyroid
subjects have cholesterol values below 300mg%, the same
proportion of hypothyroid patients showed values above this
level. There is obviously still a considerable overlap
between the two groups, but this mainly lies in the range
250-350mg%. Thus in a patient suspected to be hypothyroid
the finding of a cholesteol value of more than 300mg% favours
hypothyroidism and if greater than 350mg% the diagnosis is
practically certain, provided certain other conditions
discussed later can be excluded. Conversely, the
possibility that a patient suffers from primary
‘hypothyroidism is extremely unlikely if the cholesterol is

less than 250mgl. However, 102 (31%) of the total 281
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subjects studied had cholesterol values within the
intermediate range of 250-350mg%. 1In particular it may
be noted that although 35% of the definite hypothyroid-
group lay within this range, a higher percentage (43%)
of the doubtful hypothyroid patients had similar values.

One objection to the use of cholesterol estimations in
the investigation of thyroid disorders is the wide scatter
of normal values. In different centres the normal range
may vary greatly, depending on their technique and the
ﬁumber of "normal" estimations carried out. The selection
of the normal éubjects is also important in view of the rise
in serum cholesterol that may accompany increasing age. It
may be noted, however, that the levels found in this study
in euthyroid subjects of approximately the same ages as the
hypothyroid patients are very similar to those reported by
Peters and Man (1943a). These authors found a scatter of
results from 107-320mg% with the majority lying between
130 and 280mg%. Similarly, Wooten and King (1953) stated
that 99% of normal individuals had figures between 123 and
324mgh. The consequence of this scatter is that a hypothyroid
subject may have & serum cholesterol within the normal range
although in fact it may be considerably elevated above the
"normal" value for this individual. Peters and Man (1943b)

concluded that the level to which the cholesterol rises is
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roughly related to the concentration in the individual

when healthy. This is illustrated by the effect of
treatment in 3 of the patients in whom the initial readings
were less than 300mg%. Therapy resulted in falls of 27 to
36%. One other patient had a very low "normal" concentration
of 138mg% which was reached after treatment from an initial
level of only 200mg%. Obviously this explanation applies
equally to the hypothyroid patients of both definite and
doubtful groups since it depends on the individual "normal"
level. It is not surprising, therefore that there is no
correlation between the serum cholesterol and the degree of
clinical severity as assessed by the diagnostic index. No
correlation existed between the cholesterol and B.M.R., as
has also been previously shown by other investigators, such
as Mason et al (1930).

When hypothyroidism is secondary to impaired pituitary
function the serum cholesterol is of much less value in
reflecting impaired thyroid function as Peters et al (1949)
pointed out. In half of the patients of this type in one
series reported by van Arsdel and Williams (1956), the
cholesterol was below 200mg%. In the present study values
of less than 300mg% were found in 6 of 13 patients suffering
from hypopituitarism.

The results of cholesterol estimations must be interpreted

with caution in light of the state of nutrition. Means(1948)
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pointed out that there may be a marked lowering of the serum
cholesterol in malnutrition and that in certain cases of
hypothyroidism with added malnutrition the expected elevation
might not be found.

Abnormal elevated values of serum cholesterol may also be
found in conditions other than hypothyroidism, for example
diabetes mellitus, the nephrotic syndrome, obstructive
jaundice, xanthomatosis and pregnancy. The occurrence of
elevated values in such conditions is considered by many to
reduce considerably the reliability of the estimation of total
cholesterol as a diagnostic tool in the investigation of
hypothyroidism. In many of these disorders there is usually a
disturbance of the ratios both of esterified to free cholesterol
and of total cholesterol to phospholipids, while in hypothyroidism
the normal ratios are maintained (Peters and Man, 1943b, 1950).
'The finding of abnormal total cholesterol values in these
conditions, however, should not in fact cause great diagnostic
difficulty since in most cases differentiation from hypothyroidism
should be possible on clinical grounds. The increased
complexity of the biochemical procedures involved in the
estimation of the cholesterol fractions and phospholipids would
not, therefore, appear likely to produce a commensurate increase

in the diagnostic accuracy from that provided by the simple

measurement of total cholesterol.



Conclusions

The changes in cholesterol metabolism provide a
useful method of demonstrating the metabolic effect of
deficiencj of thyroid hormone. An increase in blood
cholesterol levels almost inevitably occurs in primary
hypothyroidism and, in the majority of cases, results in
abnormally high values. Normal levels may be found in
some hypothyroid subjects and elevated values may also be
caused by extra-thyroidal factors. Objections such as
these do not, however, detract sufficiently from the
usefulness of the estimation to preclude its employment in

the routine investigation of suspected hypothyroidism.

162.



CHAPTER 15

SERUM _CAROTENE

In clinical reports of patients with hypothyroidism the
skin is often described as "yellowish". Terme such as
"like old wax" are frequently found in the Report on Myxoedema
(1888). The symptom analysis, previously discussed in
Chapter 2, showed that this feature was present in 46% of
hypothyroid subjects. Its presence in adult hypothyroidism
was first explained by the finding by Escamille et al (1935)
of carotenemia in & case of hypothyroidism. In a subsequent
report Escamilla (1942) showed that high serum carotene levels
were present in seven further hypothyroid patientsand that the
administration of thyroid resulted in & gradual decrease in
these levels. Subsequently, the occurrence of carotenemia
in hypothyroid subjecﬁs has been reported by other authors,
S8tepp and Wendt (1937) and Cohen (1958). Experimental
studies hé&e confirmed the relationship between the thyroid
gland and the metabolism of carotene and vitamin A. These

have, however, often been contradictory (Goodwin, 1952) and
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there is still dispute whether the disturbed metabolism of these

compounds in hypothyroidism is the result of alteratioms in
absorption or produced by a direct effect on the enzyme
carotenase which controls the oxidative conversion of carotene

into vitamin A, No previous attempts, however, have been made
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to determine the value of the estimation of serum carotene
in the diagnosis of clinical hypothyroidism. Such a study

has, therefore, been carried out.

Methods and Subjects

Estimations of serum carotene, using the method of
Pett and Le Page (1940), were carried out in 116 subjects.
The specimens of blood were removed at the clinic without
the individuals being in a fasting state. Forty-nine
hypothyroid patients were investigated, 20 being in the
Doubtful Hypothyroid group. Thirty-five subjects in the
Doubtful Buthyroid group were studied and the test was also
performed in 32 normal healthy individuals to provide ranges
of normality. In 27 of the hypothyroid cases estimations

were repeated when the patients had become euthyroid.’

Results

The results are shown in Appendix IV, and illustrated in
Figure 14. It can be seen that in the euthyroid subjects
the values varied from 29ugh to 156ugh, while in_the
hypothyroid patients ;he range was from 40 to 229ugh. In the
32 control subjects (Table 27) the level was below 90ugh in
22 (68%) end below 110ugh in 26 (81%), but in 4 (13%) values

greater than 130ug% were found. There was a similar
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distribution of the results in the Doubtful Euthyroid group.
Among the 49 hypothyroid subjects 22 (45%) had a carotene
level greater than 130ugh, while in only 8 (16%) was it
below 90ug%; 28 (57%) showed values above 110ugh.

With therapy, the serum carotene level fell in all 27
hypothyroid patients studied (Figure 15), although in 3
subjects the fall was less than 20ug¥. In 17 of 19 subjects
with an initial level greater than 110ug%, the level was below
this figure when they were euthyroid. Twenty-three patients
initially had values greater than 90ug%; in 19 therapy was
accompanied by a fall below this level. It may be noted that
there was some decrease even in the 4 subjects in whom the
initial levels were 90ugh or less. Thg mean fall in serum

carotene following treatment for the 27 patients was 44%.

Discusgsion

In most textbooks dealing with thyroid disease, statements
can be found that the serum carotene is elevated in hypothyroidism.
These, however, usually refer to the observations of Escamilla
(1942) which were based on 7 cases using the "icteric index"
of the petroleum ether extract of serum as the measure of
éarotenemia. | The method employed in the present study does
provide a more reliable quantitative value. it does,

however, involve a colorimetric comparison with a standard
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solution of potassium dichromate.' The fact that yellow
colour changes are particularly difficult to detect may in
part account for the wide range of values found in euthyroid
subjects. Greater accuracy might have been obtained if all
specimens had been removed from fasting subjects, since the
dietary carotene content of foods may vary considerably.
Indeed, carotenemia may be encountered when excessive amounts
of carotene have been ingested, usually in the form of carrots.
This is, however, uncommon since Cohen (1958) states that
4 to 8lbs of raw carrots must be eaten for several months daily
before marked elevation of serum carotene is observed. It is
more important to note that elevated levels may be found in some
cases of diabetes and can occur in association with malnutrition
as demonstrated by Dally (1959) in a case of anorexia nervosa.
The results of this study do in general confirm the previous
observations that there is abnormal carotene metabolism in adult
hypothyroidism. When, however, 11lOug% is taken as the upper
limit of normality, there is too great an overlap between normal
and hypothyroid subjects for the result of a carotene estimation
to be of.any diagnostic value. If the range 90ugh to 130ugs
is consid;red as an "equivocal range", values lying on either
side will be of much greater significance. Thus a serum
carotene of more than 130ugh will strongly favour a diagnosis
of hypothyroidism since such values were found in only 9%'of

normal subjects. Hypothyroidism is unlikely to be present if
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the serum carotene in an individual is less than 90ug%,
only 8 (16%) of the 49 hypothyroid patients having such
values. However, 35 (30%) of all the individuals studied
had serum carotene values in the range 90 to 130ug. When
both doubtful groups are considered, only 31 (56%) of 55
patients were correctly diagnosed by falling on the
respective sides of this range. Thus, although a high or
low reading will be of value, the overall accuracy of the
serum carotene in discriminating between normal and
hypothyroid subjects is inadequate for the procedure to be

of value in the routine investigation of hypothyroidism.

Conclusions
The serum carotene was higher in the majority of 49
patients with hypothyroidism than in 67 euthyroid patients.
Although a carotene level greater than lBOug% favours
a diagnosis of hypothyroidism and this diagnosis is unlikely
if a value of less than 90ugh is found, there is a considerable
overlap between the two groups. The procedure is not

considered to be of any practical value in the investigﬁtion

of suspected hypothyroidism.
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CHAPTER 16

THE ELECTROCARDIOGRAM IN HYPOTHYROIDISM

Ever since White and Aub (1918) and Zondek (1918)
reported changes in the electrocardiogram which have come to
be recognised as characteristic of hypothyroidism, most
clinicians include the procedure in the routine investigation
of suspected hypothyroidism, considering that the presence of
the typlecal changes provides confirmation of the diagnosis.
Surprisingly few attempts, however, have been made to assess
the frequency with which the characteristic electrocardiographic
pattern does in fact occur. In this chapter, therefore, this

aspect has been considered.

M&thod

Electrocardiographic examination was carried out in nearly
all the patients in this study, but an accurate comparison
of the records proved somewhat difficult since different
instruments, with consequent differences in standardisationm,
had been used. Although in the majority of cases
abnormalities were noted, the tracings in only 60 hypothyroid
subjects have been considered in detail. 1In all of these 60
cases the same standard limb, chest and unipolar (1-6) leads

/

were employed and care was taken to ensure accurate
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standardisation. The tracings were all studied independantly

by the same two observers after the final diagnosis of

hypothyroidism had been established. Attention was paid

particularly to the changes in the T waves and to the

decrease in the voltage of the QRS complexes. It was

possible to grade the changes into four groups, as follows:-
l. ++ A pattern of changes typical of hypothyroidism.

2. + Changes of a lesser degree, but still in favour
of the diagnosis of hypothyroidism.

3. % Abnormalities present, but of doubtful
significance and not of diagnostic value.

4. =~ DNo changes at all suggestive of hypothyroidism.

The diagnosis was obvious in 35 patients, the remaining
25 being in the Doubtful Hypothyroid group. In all,
hypothyroidism was either primary or due to Hashimoto's
thyroiditis. The results of the E.C.G. studies carried out

following treatment will be discussed later.

Results

The E.C.Gs showed abnormalities of diagnostic value in
47 patients (79%). It can be seen (Table 28) that marked
changes (++) were present in 37 (62%), but that these were
more often present in the Definite Hypothyroid group than in

those patients causing diagnostic difficulty, usually because




170.

the severity was of lesser degree. In 13 patients the
procedure provided no significant diagnostic information,

although equivocal changes were present in 9.

Discussion

Abnormal T waves which returned to normal with thyroid
therapy were described by White and Aub (1918) in two cases
of hypothyroidism. \In 14 further patients Thacher and
White (1926) drew attention to the diminished size of QRS
complexes and the general decrease in potentisl. Thacher
(1924) had also noted similar abnormalities in 8 cretins and
observed the improvement following treatment. Since then it
has been recognised that in hypothyroidism theee changes are
indeed commonly found and form & characteristic pattern
typically with low voltage in all complexes and flattening
and often inversion of T waves. Other changes occagionally
noted are reduction in the amplitude of the P wave, a
prolongation of fhe PR interval or a widened QRS complex.
fhese latter alterations in conduction may indicate
myxoedematous infiltration of either the bundle of His or
one of the branch bundles. The other changes have been
attributed by Kern (1949) to the presence of pericardial
effusion on the basis of experimental evidence that the
introduction of sodium chloride into the pericardium is

accompanied by electrocardiographic changes similar to those
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found in hypothyroidism, but this is most unlikely to be
the complete explanation. The possibility that the
alterations are simply due to the altered rpsistance of
myxoedematous skin has been shown to be untrue by White
(quoted by Means, 1948), who found persistent changes when
using needle electrodes.

Although it is generally accepted that these abnormal
tracings are frequently associated with hypothyroidism, there
is some disagreement as to their diagnostic significance.

Some authors, for example Werner (1955) and Soffer (1956),
considered that the E.C.G. changes are not diagnostic. White
(1951), among many others, states that they are almost
pathognomonic. Means (1948) is even more emphatic, considering
that the abnormalities should be looked on as being specific to
athyreosis, and suggests that they are as much a sign of
hypothyroidism as any of the cardinal signs and symptoms.

The present study shows that the electrocardiogram is not
normal in the majority of hypothyroid subjects. Ffurther it is
clear that, in many of these patients, the changes are of the
typical pattern associated with the disorder and thus provide
a firm basis for confident diagnosis. The frequency with
which the tracings show this pattern unequivocally is however
disappointingly low. Not surprisingly, it is more frequently

encountered in the patients where the diagnosis is clear-cut
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on clinical grounds than in those where the condition is
milder. In the latter group, many do in fact show changes
strongly in favour of the diagnosis. In some of these
patients, however, these changes, being less marked, may be
obscured by other abnormalities hot directly associated with
the hypothyroid state. It must be remembered that in the

age range in which hypothyroidism is most common, disorders
such as hypertension and myocardial ischaemia may be
encountered with their accompanying electrocardiographic
abnormalities. On this account, in 9 (15%) of the 60

patients studied here the abnormality in the E.C.G. could not
be considered to be of any value in determining their thyroid
state. Tracings which were not considered to be al all
suggestive of hypothyroidism were in fact found in 4 patients
who were proved unequivocally to be hypothyroid. This is
perhaps surprising and difficult to explain, but may be related
to varying sensitivity of the target organ to thyroid hormone.
It may be noted that Williams and Haines (1925) considered that

significant changes were present in only 28 (54%) of 52

hypothyroid patients.

The selection of the 60 patients whose E.C.G. tracings
have been carefully reviewed was unrelated to the degree of
severity of their hypothyroidism. The frequency with which

abnormal findings were reported in the other hypothyroid
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patients investigated was similar, although the critieria:
were possibly less strict. The reversion of the changes
following therspy, as will be seen later, does prowide a
simple method of assessing the control of the indiwvidual.

The diagnosis is, however, not entirely excluded if the
typical abnormalities are not found, and this unfortunately
is mostAlikely to happen when diagnostic information is most
urgently required, namely in the early and atypical case..
This disadvantage is to a considerable extent balanced by the
fact that abnormal B.C.G. tracings of the characteristic
hypothyroid pattern were not found in any‘of the Doubtful
Buthyroid group. Nevertheless, this study tends to support the:
view expressed by Means (1948) that "electrocardiography is

& disgnestic luxury, not a necessity".

Conclusions

fhe demonstration of electrocardiographic abnormalities
6f & typical pattern provides strong evidence in favour of
thé didgnosis of hypothyroidism. The changes reflect the
elinieal severity to a certain extent since they are more
frequently observed in advanced cases. When the condition
i¢ milder they may be less marked or obscured by other
sccompanying sbnormalities, or may even be absent.  The

investigation is, thérefore, considered to be a useful method
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of confirming the clinical diagnosis of hypothyroidism,
but to be of limited value in routine diagnostic investigation,

- since the absence of typiéal changes does not exclude the

diagnosis.
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CHAPTER 17

THE REACTION TIME IN HYPOTHYROIDISM

The reaction time, +{the measure of the interval
between the application of a stimulus to a sensory organ
and the voluntary response, is known to be influenced by
various factors. Increasing age and fatigue, for example,
lengthen it, as do depressant drugs such as alcohol and the
barbiturstes. It seemed possible that the reaction time |
would also be prolonged in hypothyroidism, and that it might
be correlated with the degree of thyroid underactivity.

A simple and rapid method of measuring the reaction time to a
visual stimulus was therefore devised and has been used in
patients with hypéthyroidism and also, as controls, in healthy
people and in ansemic patients. The effects of thyroid
therapy and of dextroamphetamine sulphate on the reaction time
have also been studied.

Thé investigation was carried out in two parts. The first
showed that there is a significant prolongation of the reaction
time in many hypothyroid subjects. The study was then
continued in order to assess the valﬁe of the procedure in
the investigation of hypothyroidism and to compare its

diagnostic accuracy with that of the standard tests.




176.

Method

The apparatus uséd to measure reaction time is shown
in Figure 23 and the circuit illustrated in Figure 24.

After the subject has depressed key 2, the observer depresses
key 1, thus closing the relay contacts AB and CD. As a

result, the red lamp lights, and the scaling unit is operated by
the relay contacts AB and key 2 acting via the electronic gate.
The scaling unit records pulses at twice the mains frequency
(100 c.p.s.) until key 2 is released by the subject, when the
scaler stops (again using the electronic gate) and records the
reaction time in seconds up to 9.99 seconds.

The subject is instructed to depress the button (key 2)
and, immediately he sees the red light, to remove his finger
from the buttbn as rapidly as possible. The operator continues
to keep his key depressed until after the scaler has stopped
and then resets the scaler. Several practice tests were made
with each subject to ensure that the instructions were
‘understood. Reacti&n{times were measured at intervals from
5 to 10 seconds in order to avoid anticipation. Long intervals
were avoided to prevent the subject's attention from wandering.
In the initial stages of this study a minimum of two hundred
consecutive readings were taken in 5 healthy people and in 4
hypothyroid patients. It was found that after the first ten

to fifteen tests had been made there was little difference
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between the mean of each suceeding group of ten. Accordingly
the practice was adopted of taking fifty readings, the first
twenty being discarded, and the mean of the last thirty recorded
as the reaction time. | A visual stimulus was used rather than

aural, because hypothyroidiSm may cause impaired hearing.

PART I

Control subjects - This group consisted of 101 healthy

people aged 17 to 83 years and included medical staff,
laboratory personrnel and patients in whom there was no evidence
of thyroid dysfunction. A further 10 persons with normal
thyroid function, but with anaemia from various causes
(haemoglobin less than 60%) were also studied. In 5 healthy

people the test was repeated at intervals of several weeks.

Hypothyroid patients - Fifty patients were studied. The

condition was idiopathic in most cases, but in some it was
secondary to hypopituitarism, Hashimoto's thyroiditis,
thyroidectomy or radioiodine therapy. Twenty of the patients
were reviewed at intervals during therapy and repeated estimations
of B.M.R., serum cholesterol level and reaction times were made.
To eliminate the possible effects of practice, the reaction times
were determined only before and after return to the euthyroid
state in 5 patients. Reaction times were also estimated

in a further 9 patients previously proved hypothyroid, but who
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had been euthyroid om thyroxine therapy for periods of six
months to two years. In all cases it was ascertained that

no barbiturate was being administered.

Dextroamphetamine sulphate - This drug was administered
orally in a dosage of 15mg to 6 healthy people and 7 hypothyroid

patients and the reaction time was recorded at intervals for

the following 4 to 4% hours.

PART II

The investigation was continued using the same procedure
until 124 hypothyroid subjects had been studied. In 45 the
hypothyroidism was secondary to pituitary insufficiency or
radioactive iodine therapy. The diagnosis in 42 of the
remaining 79 patients in whom the condition was primary or due
to Hashimoto!'!s thyioiditis, was unquestionable, but 37 were in
the Doubtful Hypothyroid group. In addition, the test was

carried out in 45 subjects of the Doubtful Euthyrolid group.

Results -- Part 1

The mean reaction times of the healthy people for the
four age-groups analysed are shown in Table 29. The pooled
standard deviation is + 0.0156 seconds. If M is the mean of
a gioup and S the pooled standard deviation, then if the

members are normally distributed the range M ¢ 25 is ome in
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which 95% of the normal reaction times will lie. These

normal ranges are also shown in Table 29. There was no
statistically significant difference between repeated

readings in healthy people on different dates. The reaction
times of the 10 severely anaemic patients all fell within

these normal ranges. The mean values for the reaction times
of the 50 hypothyroid patients for each age-group are also shown
in Table 29. There is a significant difference between each
and the corresponding normal mean. It can be seen from
Figure 18 that the reaction times of 46 of these patients lay
outside the normal ranges. The reaction times of the 9
hypothyroid patients who had been euthyroid for a considerable
period were all within the normal ranges for their ages.

ADnring therapy the reaction'times of the hypothyroid patients
decreased and it can be seen (Figure 19) that when 23 of the

25 patients had become euthyroid, their reaction times lay
within the normal ranges. This happened both in the patients
observed at int;rvals and in those in whom the test was
repeated only when they were euthyroid, and thus demonstrated
that practice was not of importanée. These changes are
statistically significant. One patient, while hypothyroid, had
a reaction time just within the normal range, but after treatment
her "normal" reaction time was faster than normal for her age.

In a cretin, aged 14 years, who had neglected to continue her



180,

treatment, there was also an improvement on further therapy,
but when she was euthyroid her reaction time was still much
prolonged. This improvemeit corresponded to a clinical
impression of increased alertness, although she still
remained mentally retarded. Table 30 shows the mean reaction
times (excluding this case) before and after therapy. For each
age~group the values when the patients had become euthyroid
approached the mean for healthy people. The improvement in
the reaction times in the hypothyroid patients after treatment
paralleled the changes in B.M.R. and serum cholesterol levels.
This pattern is illustrated by Figure 20, which shows the
response to tri-iodothyronine in a hypothyroid female, aged 44
years. The reaction time improved rapidly and within four
days was within the normal range. Normal values were
subsequently found on repeated occasions for over a year when
this patient remained under observation on therapy. One
patient stopped therapy on her own initiative and her reaction
time, which had kept within the normal range for five months
while euthyroid, again became prolonged. Resumption of
therapy was followed by a retufn of the reaction time to normal.
In both the healthy people and the hypothyroid patients
dextroamphetamine sulphate decreased the reaction time.
However, as can be seen in Figure 21, this decrease was greater

and more prolonged in the hypothyroid patients than in the
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healthy people. The mean maximal quickening for the

patients was 0.0524 seconds, compared with 0.0248 seconds

for healthy people.

Results ~-- Part II

The results of the investigation in all 124 hypothyroid
subjects can be seen in Table 31 which shows that the reaction
time was prolonged in 106 (86%) patients. It may be noted
that a normal value was found in only one of the Definite
Hypothyroid group. Nine (24%) of 37 patients in whom
diagnostic difficulty was found also had reaction times within
the normal range, but it was prolonged in the remaining 28 (76%).

On the other hand, abnormal results were only found in 5 (11%)
of the 45 subjects in the Doubtful EButhyroid group. When the
two doubtful groups are considered together, a total of 82
patients, a correct diagnosis was obtained in 68 (83%).

The combined use of the diagnostic index and this test
produced high diagnostic accuracy. Thus, one or other favoured
the correct diagnosis in all but 2 of 79 subjects, although
there was agreement between the two procedures in only 60 (76%)
(Table/32). . The Table shows fhat there is no significant
difference between the accuracy of the two methods. It must
be remembered that where the index is not correct (in only one

instance did it actually indicate a wrong diagnosis) it merely



fell within the equivocal range. In the one case with a
completely wrong diagnostic index, the reaction time was
prolonged, correctly favouring the diagnosis of
hypothyroidism. 1In none of the 45 patients in the Doubtful
Euthyroid group were both procedures wrong and agreement
between them existed in 34 (76%).

The results of the measurement of reaction time are
compared with the clinical diagnostic index, using this a
measure of clinical severity, in Figure 22. No significanf
correlation exists between the two parameters within the
separate age groups of "less than 40 yearsy "40 to 50 years"
and "greater than 60 years". The respective correlation
co-efficients are + 0.294, +0.374, +0+306. A significant
correlation ﬁas present in the 50 to 60 age group (r -+0.437).
These differences may be the function of the numbers in the
groups, since, when age is disregarded, there is significant
correlation between reaction time and in the index over all
the cases (r =+0.3157). No correlation (r = +0.15) is
present between the reaction time and the basal metabolic

rate in 28 patients in whom the latier was estimated by the

Method A previously discussed.
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Discussion

The method of measuring reaction time used in this study
has many advantages over other methods. In particular the
apparatus is portable and inexpensive and allows considerable
accuracy in timing. The rapidity with which observations
may be repeated élso permits allowance to be made for the
effects of practice, which Forbes (1945) and others have
demonstrated. The validity of the method has been confirmed
in separate unpublished studies by demonstrating in a sensitive
manner the changes expected after the administration of drugs
affecting the central nervous system, for example the
prolongation after barbiturates.

The symptom analysis showed that mentel sliuggishness,
lethargy, impaired memory and lack of concentration are common
complaints of patients with frank hypothyroidism, and even mild
cases may present with symptoms of this type. Since the
reaction time reflects higher mental processes (Evens, 1947)
it is not surprising to find it lengthened in hypothyroidism.
In a few patients with gross mental apathy resulting from
hypothyroidism, the test was made more difficult as a result
of their inability to understand the instructions. In many
of the other cases the diagnosis of hypothyroidism could be
made only after full investigation, including the response to

a therapeutic trial. In such patients the mental and physical
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slowing is much less which, as already shown, often gives
rise to diagnostic difficulty. However, in 46 of these 50
patients the reaction times were prolonged. The possibility
that the anaemia which may be associated with hypothyroidism
might play a part in the prolongation of the reaction time was
eliminated by the finding of normal reaction times in severely
anaemic, but euthyroid, patients.

In the initial study, 4 hypothyroid subjects had reaction
times within the normal ranges. One, an electric welder,
a skilled occupation involving quick and rapid movements of the
hands, noted that he was not producing such good work as
formerly. The reaction time of another of these patients lay
just within the upper limit of the normal range, but when she
became euthyroid her "normal" reaction time lay below the
lower limit of the normal range, suggesting that there had
originally been a considerable prolongation. The two other
patients had only fecently become hypothyroid as & result of
radiocactive iodine therapy. It seemed possible, from these
and other patients studied subsequently, that the hypothyroid
state must be present for some time before the reaction time
slows.

The subsequent studies have supported this view. It
was noted that 8 (24%) of fhe patients hypothyroid following

treatment of thyrotoxicosis had normal reaction times. In all



of these overdosage with radioactive iodine had caused
hypothyroidism. Normal values were found more frequently
in the patients in the Roubtful Hypothyroid group where the
condition was milder than in those where the diagnosis was
unequivocal. In one patient the true diagnosis of
hypothyrddism was suspected only after she failed to obtain
any clinical benefit from a full course of electro-convulsive
therapy for a reputed depressive psychosis. It is of
interest to observe that her reaction time was well within
the normal range, although she was proved hypothyroid by all
other procedures.

On the completion of the first part of this investigation
it was considered reasonable to suggest (Murray, 19583) that,
in cases of suspected hypothyroidism, the measurement of
reaction time is a simple and rapid aid to diagnosis which
causes minimal inconvenience to the patient. Moreover, a
useful index of the response to therapy by the patient is
provided by the improvement in reaction time. In general
this parallels the changes in the clinical picture, the B.M.R.
and the serum cholesterol level (Figure 20).

Following the publication of these observations a method
of measuring reaction time with even less apparatus than the
one employed in this study was suggested by Magnus (1958).

It was apparent, however, that the increase in observer error
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using this procedure would reduce the diagnostic accuraey.
The changes in reaction time in hypothyroidisa probably
reflect the changes in cerebral function. The results are
comparable with those of Gantt and Fleischmann (1948), who
studied the conditioned-reflex function in a cretin and
showed that after successful therapy there was an improvement
which reached a level in two months, but did not change
further over two years. Other workers have studied the
changes in cerebral function in hypothyroidism using recognised
psychological techniques, and have found evidence of
impairment, for example Reitan (1953) who used the Rorschach
test. Further evidence that the effect is on the higher
centres is provided by the results of the studies of the
effect of dextroamphetamine sulphate (Figure 28). The
quickening of reaction time produced by this drug lasted
considerably longer in hypothyroid than in healthy individuals.
The possibility exists that the impairment of reactiom
time might be influenced by delay in the peripheral component
of the arc, but this is unlikely in view of the findings
described earlier (Chapter 6) showing that the conduction
velocity in peripheral nerves was not appreciably altered in
hypothyroidism. ’Simila.rly, Lambert et al (1951) concluded
that although the total time taken for the ankle-jerk in
hypothyroidism was increased, there was no appreciable

difference in the speed of conduction through the reflex arc in
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healthy people and in hyﬁothyroid patients. They emphasised
that this reflex took place over a two-neurone arc which does
not involve the more complex activity of the central nervous
system, as does the reaction time pathway.
\ Farther experience with the procedure has confirmed the
conclusions of the initial study. Indeed, the results
obtained in the larger number of patients provide stronger
evidence that accurate discrimination between hypothyroid and
euthyroid subjects may be obtained by the estimation of reaction
time. In particular, it is of value in assessing these patients
who cause diagnostic difficulty on clinical grounds. In 83%
of this group correct separation was achieved. This diagnostic
accuracy is comparable with most of the other standard tests,
but the simplicity of the test makes it particularly suitable
in providing rapid confirmation of the diagnosis suggested by
the clinical diagnostic index.  The results show that the
combination of these two procedures provide a high degree of
diagnostic precision. It may be recalled that 17 of the 124
patients studied had indices outwith the normal or hypothyroid
ranges. The correct diagnosis was provided by the estimation
of reaction time in 15 of these including the one patient in
whom the index was wronge.

It was noted in the symptom analysis that the mental
changes were of considerable diagnostie importance in

hypothyroidism and these features were consequently given heavy
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weighting in the construction of the diagnostic index. It

is therefore not altpgether surprising that there is a
significant correlation between the index and reaction time,
since the latter reflects the impairment of mental activity.
Nevertheless, the existence of such a correlation does further
emphasise the diagnostic importance of the changes in cerebral
function. Moreover, it may be concluded that the measurement
of reaction time provides not only useful diagnostie
information, but is also, to a considerable extent, a
quantitative index of the clinical severity of the hypothyroid

state.

Conclusions
yonciusions

Prolongation of the reaction time reflects the impaired
mental activity frequently encountered in hypothyroidism.
The reaction time provi&es a quantitative measurement of these
changes in cerebral function and may be used as a diagnostic
test in the investigation of suspected hypothyroidism and in
the assessment of response to therapy. The method that has
been employed provides diagnostic precision of the same order
as many conventional tests, but may be carried out more
rapidly and with less inconvenience to the patient than most
of these. The estimation of reaction time is considered to

be a very useful method of confirming the diagnosis made by the
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clinical diagnostic index and to be of value in the
investigation of those patients in whom this index lies

in the equivocal range.

T o
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CHAPTER 18

"THE CHOICE OF TESTS"

The studies reported in the previous chapters have
shown that the accuracy provided by the various tests in
gonfirming the diagnosis of hypothyroidism varies
considerably. Although in some it is of a high degree, no
single procedure is infallible. A comparison of the
frequency of abnormal results encountered with the different
tests in hypothyroid subjects is shown in Figure 23. From
this it can be seen that the procedures employing radioactive
iodine most frequently provided results agreeing with the
final diagnosis. Indeed, this agreement is so good that it
might be suggested that only these tests should be required to
confirm the diagnosis. However, as previously pointed out,
there are possible fallacies inherent even in these tests, as
for example in the normal results which may be encountered in
hypothyroidism due to Hashmoto's thyroiditis. Moreover, the
use of radioiodine is invalidated if the patient has received
iodide in any form,or recent thyroid therapy. Other tests
must, therefore, be available not only to replace the radio-
active iodine studies in such circumstances, but also to
provide corroborative evidence of the state of thyroid function.

It is obviously desirable to reduce the number of
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investigations to the minimum that will provide adequate

and accurate information. In the selection of those

to be used in the routine investigation several considerations
must be borne in mingd. In the first place the relative
diagnostic accuracy is obviously important. On this account
procedures such as the estimation of serum carotene or the
recording of the sleeping pulse rate may be excluded since,
although impeired thyroid function may produce abnormal
values, normal results are éeen in such a large proportion

of hypothyroid subjects.

In the course of this study several other inveétigations
were performed in a number of hypothyroid patients. It was
apparent that with many of these tests abnormalities could be
demonstrated, but similarly not with sufficient frequency to
be relied upon. Thus for example, the typical alterations of
hypothyroidism in the électro-encephalogram, the lowered
voltage and slow alpha rhytﬁm, were found in 5 of 24 hypothyroid
patients. Changes of doubtful significance were present in
9, but in 10 patients the record was considered to be within
normal limits. Moreover, with some investigations the
alterations encountered were similar to those that may occur
in other conditions. Examples of changes which are not
specific to hypothyroidism were the demonstration of a mild

anaemia (haemoglobin less then 12.0G%) in 18 of 65 hypothyroid
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patients, a histamine fast achlorhydria in 10 of 25 patients

and an elevated erythrocyte sedimentation rate (greater than
15mm in the first hour) im 44 of 60 patients.

O0f the numerous other tests available, there are many
in which the frequency of occurrence of abnormal results is
comparable. From these the choice of routine procedures must
be selected. In any hypothyroid individual normal values are
rarely found with more than one or two of these tests. Such
apparently divergent results are probably explained by the fact
that the various procedures reflect differing aspects of
thyroid deficiency. In selecting the tests to be used therefore
it is obviously desirable to pick these that do demonstrate
various aspects of impaired thyroid function.

In the choice of any test the ease with which it may be
carried out is obviously important. Thus any procedure should
be chosén in preference to another if, their diagnostic
accuracy being comparable, it can provide the required
information more rapidly and with less inconvenience to the
patient. On these grounds many of the investigations that
have been advocated in the past may be discarded. For this
reason, for example, skin biopsy cannot be advocated. This
procedure was carried out in 14 hypothyroid patients. The
changes considered by Gabrilove and Ludwig (1957) to be

characteristic of hypothyroidism, namely the presence of
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extracellular metachromatic material stained with toluidine
blue, was noted in the corium of 11 patients. In the
remaining 3, although the deposits were mot stained, there was
undoubted disruption of collagen fibres. The procedure does,
however, cause some discomfort to the patient and cannot be
considered to be a justifiable routine procedure.

It was not possible to include the estimation of the
protein-bound iodine in this survey of diagnostic procedures.
It is, of course, widely considered to be the most diagnostically
accurate of all tests of thyroid function. Macgregor and
Farrell (1958) for example estimated the P3127I in 82
hypothyroid patients and found that only 9 of them had values
greater than 3.0ug/100ml. The use of this investigation,
however, in routine practice is limited by the considerable
difficulties that arise in the estimation. The determination
is difficult, tedious and time-consuming, factors that make it
extremely prone to error from contamination. Werner (1955)
points out that the procedure does require facilities and
proficiency not available in the average clinical laboratory.
In addition, it is not infallible since misleading results may
arise from various causes which unfortunately in many instances
are the same ones that often invalidate 1311 studies, such as
the use of organic iodinated contrast media and the administration

of inorganic iodides which, as Man et al (1951) showed, may be

particularly confusing since the resulting errors are capricious
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and of varying magnitude. Low values of P3127I that may be
misleading may be encountered in conditions other than
hypothyroidism, such as nephrosis (Recant and Riggs, 1954),
cirrhosis of the liver (Kydd and Man, 1951) and malnutrition
(Durham et al, 1954). In particular, it is important to note
that Riggs et al (1945) showed that the P3127I may fall to
hypothyroid ooncentrations for a variable period after cessation
of thyroid therapy to normal individuals. Consequently, as
personal experience in the Massachusetts General Hospital, Bostom,
has confirmed, this estigation is considered in many centres to
be of value, but certainly not to provide an increase in diagnostic
precision commensurate with the difficulties in its estimation
compared with the routine tests of thyroid function.

In evaluating the diagnostic accuracy of any investigation
consideration must be given not only to the frequency with which
abnormal results are found in abnormal subjects, but also whether
such abnormal results occur in healthy subjects. In addition
it is desirable to discover the efficiency of the tests in
determining correctly those cases presenting clinical diagnostic
difficulty. Figure 24 shows the overall accuracy of the selected
tests in the two "doubtful" groups together.

Bearing the considerations regarding the practicability of
the procedures in mind, it may be concluded from the results that
the investigation of hypothyroidism can be restricted to only a

few tests without any loss in diagnostic precision. Radioiodine
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studies are clearly the most sensitive in detecting impaired
function provided their limitations are remembered. A gland
uptake at 24-hours causes little inconvenience to the patient
and is easily carried out. If a more rapid answer is

required this may be obtained by the use of intravenous
clearance techniques, although at the expense of some increase
in complexity. Should the uptake be impracticable because of
distance or contra-indicated in view of the patient's general
state, a simple urine collection in the period 24-48 hours after
the dose of 1311 provides an adequate replacement. The estimation
of serum cholesterol is a sensitive and relatively simple
giochemical procedure to demonstrate the changes in metabolic
process associated with primary myxoedema. In addition, as will
be seen in Section III, the fall that characteristically follows
the administration of thyroid provides a useful index of
therapeutic response. Since radioiodine studies cannot be relied
on to demonstrate hypothyroidism produced by auto-immunising
thyroiditis, it is desirable, when this disorder is suspected on
clinical grounds, to carry out a flocculation test, such as the
measurement of serum thymol turbidity, or a precipitin test or
similar procedure to show the presence of antibodies.

It is suggested that of all the procedures that reflect

the effect of lack of thyroid hormone or end-organ function, the

measurement of reaction time fulfils most adequately the criteria
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discussed above. An electrocardiogram may provide useful
information and, of course, it is much more readily available.
However, it must be interpreted with care, preferably by a
skilled observer, since the changes may be of an equivocal
nature. It is also of value, of course, as a reminder of the
caution that must be employed in the treatment of hypothyroidism.
In the first part of this thesis it was shown that the ﬁse
of the diagnostic index could result in a considerable
redudtion in the number of patients in whom confirmatory
investigations are required. An index of less than O provided
strong evidence that a patient was egthyroid, while an index of
greater than +20 indicated hypothyroidism. Values between O and
+4 strongly favoured normal and between +16 and +20 impaired
thyroid function, but in view of the statistical possibility of
an incorrect diagnosis arising from scores in these ranges, a
simple confirmatory investigation was considered desirable.
From the results of the selected tests carried out in the 33
patients who fell within these ranges, it is possible to
judge which is the most useful in providing this confirmatory
information. It will be seen (Table 33) that 15 of the
16 patients whose indices lay between O and +4 were finally
shown to be euthyroid. In all of these the uptake of 1311
was normal. It was also within normal limits in the one
hypothyroid subject, but in this case, as previously

pointed out, the discovery of abnormal flocculation tests

e e o b
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suggested that the diagnosis was auto-immunising thyroiditis.
This patient, however, had an elevated cholesterol and a
prolonged reaction time. Elevated cholesterol levels were
found in two euthyroid subjects, but a prolonged reaction time
was present in only one normal individual.

When the 17 hypothyroid subjects with indices between +16
and +20 are considered (Table 34) it can be seen that normal
1311 uptakes were encountered in only 3 patients, two of whom
had Hashimoto's thyroiditis. Normal cholesterol values were
also found in 3 subjects, but the reaction time was normal in
only two patients in this group.

In view of:the previous studies, it is not altogether
unexpected that when these 33 patients are considered together
it can be concluded that there is little to indicate the
superiority of any single test, although again the radioiodine
studies appear to be slightly more reliable. The measurement
of reaction time, however, is suggested as the procedure of
choice 40 confirm the diagnosis when such scores are found, in
view of the rapidity with which it may be carried out. Whereas
radioiodine studies may necessitate a certain delay according
to laboratory arrangements, the reaction time may be estimated
within minutes of the coﬁpletion of the clinical examination.

By using the test in combination with the diagnostic index in

29 of these patients, a firm diagnosis was established in 25.
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The need for any further investigation was thus excluded in
all but the 4 subjects in whom the two parameters disagreed.
When the other tests were carried out, they provided support
for the diagnosis favoured by the index in three patients.
In the remaining subject, however, it became evident that
the index had been wrong.

Further evidence in favour of the selection of these tests
as those of most value in the routine investigation of hypo-
thyroidism is provided by the results of their use in those cases
.in whom diagnostic indices fell within the equivocal range
(Table 35). It will be recalled that even when values were
found in this range, scores greater than +10 favoured
hypothyroidism while those less than +10 favoured normel thyroid
function. It can be seen that only 3 of 11 subjects with scores
below +10 were finally shown to be hypothyroid. In 2 all tests
were abnormal, the other had a normal uptake, but this once more
was associated with Hashimoto's thyroiditis which was suspected
clinically. The three tests were carried out in 6 other subjects
with indices in this range, all of whom were finally shown to be
euthyroid. In at least two of the tests the results favoured
normal function.

The results in all but one of the 7 patients who were
finally shown to be hypothyroid, but who had indices between
+10 and +15 agreed with the presumptive diagnosis of hypothyroidism
indicated by the index. In the odd case, the reaction time
was normal, the serum cholesterol was borderline (300mg%)

but the uptake was low.
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In view of the equivocal diagnostic index and this low uptake
a therapeutic trial was clearly warranted. This resulted in
a dramatic improvement which confirmed the diagnosis of
hypothyroidism.

It is clear therefore that the investigations that have
been advocated for routine use in the investigation of suspected
hypothyroidism will provide a high degree of accuracy when used
in combination. I+ has been shown that this is true in those
patients in whom these tests are particularly indicated, namely
those subjects in whom, as the result of finding a diagnostic
index within the equivocal zone, considerable doubt remains as
to the thyroid status. On conclusion of the investigations,
the diagnosis in the majority of these cases will be evident.
However, it is suggested that in such patients, even if omnly
one investigation is outwith normal values, a therapeutic trial

with thyroxine must be carried out.

Conclusions
In the majority of cases, the diagnosis of primary
hypothyroidism may be established by the use of the clinical
diagnostic index. In some, a single confirmatory investigation
is desirable. The measurement of reaction time will provide
such €onfirmation most rapidlye. Farther investigations are

only indicated if the result is not in agreement with the index.
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It is suggested that the only investigations necessary

in those patients in whom the diagnostic index falls within
the equivocal range are radiociodine studies with measurement
of the gland upteke or of the excretion of activity in the
period 24-48 hours after the dose, the measurement of reaction

time and the estimation of serum cholesterol.

PER
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CHAPTER 19

SECTION IT - THE LABORATORY CONFIRMATION

Summary

A study has been carried out to determine the accuracy
of some of the investigations that demonstrate the state of
thyroid function when hypothyroidism is suspected. It is
clear that no.one test is infallible. The clinical diagnosis
may most readily be confirmed by the measurement of reaction
time, since in hypothyroid states this characteristically shows
a prolongation which is corrected by specific therapy. In the
small minority of cases in which the diagnostic index does not
provide a clear-cut answer, the radioactive iodine studies, in
particular the measurement of gland uptake, provide the most
accurate assessment. Complete reliance, however, cannot be
placed on these tests since they may be misleading in some
circumstances. The estimation of serum cholesterol is,
therefore, a useful supplementary test and electrocardiography
may also be helpful. The diagnostic precision that may be
achieved by the use of these procedures in combination makes
it unnecessary to employ further investigations. If on
completion of these investigations there is still any doubt,
a therapeutic trial with l-thyroxine sodium is indicated, since

only in this way may a final diagnosis be established.
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CHAPTER 20

__THE THERAPEUTIC TRIAL

Introduction

The ultimate object of all the clinical observations
and of the investigations which have been discussed hitherto
is to determine whether in any individual patient the
administration of thyroid hormone will alleviate the symptoms
present and cause the physical signs to disappear. The
final diegnosis in any case, therefore, depends on the
response to such therapy. Whatever the conclusions reached
on the basis of investigations, hypothyroidism can only be
considered to have been present in any individual if a return
to normal. health is procured by treatment. This effect of
treatment is of special diagnostic value in the early case,
especially since, as previously seen, the tests of thyroid
function may in these subjects producg equivocal or even
conflicting results. In these patients, however, the
assessment of the response to therapy may not be eas& as the
clinical features are so mild that it may be difficult to
be certain of any change in them. In this final chapter,
therefore, the methods by which atherapeutic trial may be

evaluated have been briefly considered.
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There should be little dispute as to the preparation
that should be prescribed for the routine treatment of
primary hypothyroidism. The dramatic effect of the
subcutaneous injection of sheep's thyroid was demonstrated by
Murray in 1891 and the following year MacKenzie and Fox
independently showed that the disorder could be satisfactorily
treated by the oral administration of dried thyroid hormone.
This form of therapy has retained great popularity throughout
the years but, especially in recent years, many clinicians
have experienced difficulties in maintaining satisfactory
control of patients. In the course of this study the
unreliability of dried thyroid tablets has also been noted.
Since there is this danger of variation in the potency of
dried thyroid Macgregor (1961) has recently concluded that
there is ample pharmacological, therapeutic and economic
justification for recommending that thyroxine be used for
all thyroid replacement therapy, to ithe exclusion of
preparations of dried thyroid, including thyroid B.P.

The only other hormone occurring in the human thyroid
with significant metabolic activity is 3-5-3-1-triiodothyronine.
The high biological potency observed by Gross and Pitt-Rivers
(1952) in rats and by Gross et al (1952) has been amply
confirmed. The speed with which the calorigenic effects of

this hormone are produced in man do, however, make it unsuitable
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for the routine treatment of the hypothyroid subject in view
of the dangers inherent in too rapid an acceleration of
metabolism in such individuals. It does, of course,

remain invaluable in the treatment of myxoedema coma and in
carefully observed experimental studies such as those
described in Chapter 17. Recently a preparation containing
both thyroxine and a small amount of triiodothyronine has
become available (Tayler, 1961), but there has not as yet
been a clear demonstration that it possesses any significant
advantage over thyroxine alone. In recent years many
qnalogues of thyroxine and triiodothyronine have been
synthesised, but have gained no accepted place in the
practical therapy of hypothyroidism. Similarly, there is no
indication for the use of any of the twenty-one proprietary
preparations containing thyroid hqrmone in varying amounts

that are listed in the Extra Pharmacapoeia (1958).

The Therapeutic Trial

The dangers of inducing too rapid an acceleration of
metabolism by the administration of large amounts of thyroid
hormone %o hypothyroid individuals has long been recognised.
In general, therefore, it is recommended that treatment
should be commenced with small doses which should be gradually

and cautiously increased until the patient is euthyroid. The



evidence of clinical improvement will only appear
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corrgspondingly slowly, and may cause difficulties in assessing such

minor changes, especially those of a subjective nature.

may, therefore, not be easy to ascertain whether or not the
patient has unequivocally benefitted from treatment unless this
is continued for a considerable period. This constitutes a
considerable problem in the evaluation of a therapeutic trial

particularly when carried out in the patient in whom there is

only a mild degree of hypothyroidism. An attempt has

therefore been made to assess the pattern of changes in the
clinical picture of hypothyroidism occurring in the course of

routine treatment with l-thyroxine sodium. The value of the

changes in the abnormal laboratory findings in confirming

such a response has also been examined.

Methods

The effect of treatment on the clinical features was
closely observed in 29 subjects in whom the diagnosis of
hypothyroidism had been made by the procedures previously
discussed. The patients were seen at monthly intervals.
At ;aéh visit & conventional clinical assessment of their

- thyroid state was made. At the same time a record sheet

gimilar to that used in the initial symptom and sign analysis

was completed for the presence or absence of the clinical features.
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Each feature was noted to be present and unchanged,
diminished or absent. 1In patients over 50 years the initial
dosage of l-thyroxine sodium was 0.025mg, but in younger
subjects it was 0.05mg. The dosage was incréased monthly.

In the older group the initial increase was 0.025mg, but
thereafter, like the younger patients, the monthly increment
waé 0.05mg. In two males the final increase was O.lmg.
The‘dosage continued to be increased in this way until the
patient was considered to be eutiyroid on conventional clinical
grounds. If on two subsequent visits control was considered
t0 be remaining satisfactory, the dose was maintained at the
level being given at that time. In this way the amount of
thyroxine required in each subject was determined on general
assessment only. Only when they were considered euthyroid
were the record sheets reviewed and diagnostic index scores
calculated from the clinical features noted on each visit.

The value attached to any feature was only deducted from the
total score when the symptom or sign had completely disappeared.
One'point was deducted for each 4 lbs. of weight lost. The
evaluation of the clinical state was also uninfluenced by the
results of any investigations since these %ere also recorded
separately. The procedures used in the investigations --
B.M.R., serum cholesterol, carotene, reaction time and E.C.G. --

which were carried out in many of the patients at their monthly



visit were the same as those Previously described. For

the estimation of B.M.R. the subjects were admitted overnight
and the lowest of two tracings (obtained by the procedure
termed Method A in Chapter 13 ) accepted as representing the

current rate.

Resul ts

Clinical Observations - It was found impossible to

obtain a quantitative comparison of the rate of disappearance
of the various clinical features. This difficuliy in part
arose because the sympitoms and signs initially present differed
from patient to patient. It was, however, clear with each
feature that there was a considerable variation in the {ime at
which it diminished or was no longer observed in relation to the
period of treatment. From the study it has, however, been
possible to note the general pattern of change in the clinmical
picture. Particular attention was paid to those sympioms

and signs incorporated in the diagnostic index. The

observations have been summarised as follows:-

-Symptoms

Piredness: Often increases during initial months of
treatment, possibly as the result of an increase in activity
produced by a decrease in lethargy. Some fatiguability persisis

for a considerable time, even after patiemt is otherwise

clinically euthyroid.
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Lethargy: Usually dramatic improvement even on small
doses. Manifested by increased desire to undertake work and
by return of former interests. Alterations in other
evidence of cerebral changes, e.g. impairment of memory, are
more gradual.

Paraesthesia: Persists until significant weight loss

occurs.
Muscle cramps: Yariable; occasionally increase or even
appear de novo in early period of treatment.

Deafness: Variable, although rapid improvement unusual.

Cold intolerance: Slight diminution usually follows initial
therapy, but completely normal tolerance rarely returns until
euthyroid.

Sweating: Similar pattern to cold intolerance.

Hair changes: Initially often increased loss for a short

time, but thereafter no further loss; quality improves very

gradually.

Skin changes: Frequently increased scaling at first, but

followed by rapid improvement.

Appetite: Returns to normal gquickly.

Weight: Variable; usually gradual loss until approaching

euthyroid state, when it may fall fairly rapidly.
Constipation: 0ften very persistent.

Voice: Strength improves rapidly, but slight buskiness

remains for several months.
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Signs

Speech: Slowness soon becomes less obvious, with loss of
typical hypothyroid tone, but some huskiness often persists.

Cerebration: A rapid increase in alertness observed in
nearly all patients, but the rate at which normal cerebration
returns depends greatly on the degree of impairment initially
present.

Movements: Often a considerable delay before any marked
change is observed.

Skin - ,Coarseness: initially scaling frequently increased,
but thereafter a rapid improvement noted.

Dryness: little evidence of sweating, especially
of the palms, observed until the patient

is euthyroid.

Coldness: gsome increase in warmth noted early, but
the exposed areas such as hands, usually

remain cool until nearly euthyroid.

Periorbital puffiness: Early and marked diminution common.

Supra-clavicular puffiness: more persistent, usually

reflects weight changes.

Hair: Change in quality is not often obvious until euthyroid

for a variable period.
Pulse rate: In those patients in whom a bradycardia has

initially been noted the rate usually remains slow until a dose

of O.lmg deily is given.



In support of these observations it may be pointed out
that the pattern noted in those features represented by both
a symptom and sign was very similar. For example, the
characterigic complaint of lethargy was considered to
diminish rapidly while a marked increase in mental aleriness
and brightness was recorded early in the course of treatment.
The skin changes also show parallel alterations. Thus, the
disappearance of scaling or flaking, after an initial
increase, was noted at an early date both by the patient and
observer, while the continued objective finding of dryness
was accompanied by the persistence of the subjective complaint
of diminished sweating.

These observations permitted the study of the changes
in the diagnostic index scores that accompanied treatment
(Table 36). If it is remembered that the score attached
to any feature was only deducted when it was considered to
have disappeared completely, it may be noted that in the first
months of treatment there was often only a slight fall. This
continued elevation of the score is greatly due to the
persistence of clinical features to which high values were
attached. It can therefore be seen that the diagnostic
index in 16 of the 29 cases only became absolutely normal
(less than O) at the same time as the patient was considered
to be euthyroid by conventional clinical assessment. In

the remainder, normal values of the index were obtained when
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the patients did still appear by conventional clinical
assessment to be slightly hypothyroid, but a single increase
in dose was sufficient in each case to produce complete

control.

Investigations

The administration of thyroxine resulted in a correction
of the abnormalities demonstrated by all the procedures
employed. The rate at which the different investigations
showed this return to normal varied, but for each procedure
was remarkably constant in all the patients. Thus, a rapid
rise in the B.M.R. was noted in 14 of the 17 patients in whom
it was repeated at intervals (Table 37). In 14 subjects
in whom abnormal levels were initially recorded, normal values
were obtained in 10 when they were receiving only 0.025mg
or 0.05mg daily. The B.M.R. was also within normal limits in
the other: 4‘patients before they were considered euthyroid
clinically. Similarly, it was observed that only small
doses of thyroxine were required to produce a fall in serum
cholesterol (Table 38). The administration of 0.025mg or
0.05mg daily was sufficient to produce a fall to within
normal limits in 11 of the 18 patients studied. It may be
noted that the rapidity with which normal levels are

attained depends to a certain extent on the initial elevation.



Thus tpe retient in whom the highest value was obtained
when hypothyroid waes also the only one in whom the level
was not normal until the visit when clinically euthyroid.
The changes in the reaction time presented a rather
different pattern. ©Small doses (0.525mg or 0.05mg)
produced a return to within the normal ranges in only 5
lof the 21 patients investigated (Table 39). In most of
the others there was some quickening initially, but normal
values were not recorded until the patient was almost
euthyroid. When the E.C.G.s were considered, it was also
clear that although the abnormalities lessened on the
commencement of therapy, the tracings could not be
considered to be within normal limits in most instances
until complete control had been established. The results
of the serum carotene estimations (Table 40) show that
although a fall does follow therapy, this was capricious
and so variable that no reliance could be placed on the

procedure.

Discussion

Although this study was designed to enable observations

50 be made of the changes in the clinical picture and
investigations following the administration of thyroxine,

it must be admitted that it is not entirely typical of the
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routine management of the hypothyroid patient, since the
therapy was probably over-cautious. Normally the dosage
may be safely increased at shorter intervals than the
monthly periods employed. These were chosen, however, to
ensure that the complete effect of each dosaée level had
become apparent.

It is clear that the alterationsin the clinical
picture vary from patient to patient. This study has,
however, demonstrated the general trend of improvement which
may be expected. Ag attempt should therefore be made to
observe this pattern in any individual. It may be noted
that the disappearance of most symptoms precedes the
disappearance of signs. This is not, of course, surprising
since the physical signs demonstrate the organic changes
resulting from thyroid deficiency which has been usually
present over a considerable period.

The difficulty in assessing the significance of the
improvement or relief of subjective features is well-known
and such changes must be accepted cautiously in the absence
of placebo therapy. Since this is impracticable in these
circumstances, it is particularly important to attempt to
obtain objective evidence favouring the response. The
improvement in the mental changes are usually quickly

apparent, but the change in the facial appearance may be



even more dragatic. The evaluation of the disappearance
of the typiéai "puffiness", however, is rendered rather
difficult by the intervals elapsing between each visit.
The necessity of attempting to remember the previous
appearance is obviated by obtaining a photograph of each
patient when hypothyroid. By comparing this with the
appearance on each visit the observer error is obviously
reduced.

Although therapy produced a rapid improvement in most
of the clinical features, many persisted in minor degrees
until the patient became completely euthyroid. This, of
course, is logical since any individual was only considered
euthyroid when the'symptoms had been relieved and the signs
had become absent. It is therefore not surprising that the
diagnostic indices showed little change initially. Their
return to normal only when the patient was virtually euthyroid
is also to be expected since the score attached to each
feature was only deducted when it had disappeared. The
method is therefore of little value in indicating the initial
response to treatment. It must, however, be remembered
that it was designed to provide a wide separation between
normality and abnormality. A "therapeutic" index could
probably be constructed by allocating different scores to each

feature reflecting its severity. As the results show,
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however, the index in its present form does provide a
quantitative method of assessing when the patient is euthyroid.
By reducing observe? variation, it does possess some
advantage over the assessment by conventional clinical
examination. It is obviously both simpler and safer than
the method of arriving at a maintenance dose advocated by
Spence (1959). He suggested that the dose should be increased
weekly until signs of overdosage, such as tachycardia and
irritability, appeared and that treatment should then be
discontinued for two weeks, being resumed in doses of lgr a
day 1ess than the overdose. Starr (1954) considered that the
optimum method of achieving control was to increase the dosage
until the P3127I was Yug%. He also suggested that the
maintenance dose was that which kept the pBY271 at bugdh.
The difficulties in this estimation have already been discussed
and clearly mske this method impracticable in routine pzactice.
It may, therefore,.be suggested that the diagnostic
index does indeed provide a useful technique that can be
routinely employed to indicate when an adequate dosage level
has been attained. Thus, when the index falls below O it
sh§uld be considered likeli that no further increase in the dose
of thyroxine is likely to be requiied unless further
observation shows the persistence of some features. It may be

noted that in/fhe patients in this study, as indeed in the other
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subjects observed throughout the investigation, the dosage
of thyroxine required by the great majority of females was

. 0.15 or 0.2mg daily. Males, however, usually required

0.2 to O.3mg daily. This difference may to a great extent
be explained by the differences in lean body mass, the main
oxygen-consuming component of the body, which Muldowney (1957)
~has shown to be generally greater in the male than in the
female. Certainly when these respective dosages have been
reached, any further increase should be considered unlikely
to be required and only administered after a longer period of
observation.

Although the successful restoration of health to the
hypothyroid patient can be accomplished by clinical observation
alone, it must be admitted that the laboratory investigations
can play a useful part in the assessment of a therapeutic trial.
The results show that the rate at which the various
abnormalities are corrected varies. An example of the typical
pattern of response shown by the different parameters is
illustrated in Figure 25. It is clear therefore that each #est mnay
be of most use to the clinician at different stages during the
course of treatment. Thus, the measurement of reaction time and
the E.C.G. are of most value in confirming that the patient has
become euthyroid. On the other hand, the B.M.R. and
cholesterol provide a more sensitive guide to the effect of

thyroxine in the early period after commencement of therapy.
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As indeed would be expected, even very small doses induce an
increase in metabolism reflected by a rise in the B.M.R.

The technical difficulties that must be surmounted before this
test may be relied upon have already been emphasised. It is
therefore always difficult to evaluate the significance of
changes in the B.M.R. The procedure has, moreover, little
place in the therapeutic trial since it necessitates admission
to hospital. It is of little assistance in determining when

a patient is euthyroid, since the range of normality is so
wide that it is difficult to know the '"normal'" value for any
individual without repeated readings. Although this objection
also applies to the estimation of serum cholesterol, this
procedure is of considerable value in the therapeutic trial
since the results do show that in most instances small doses
of thyroxine produce a rapid fall in the cholesterol level.

A decrease in cholesterel values found to be elevated in
disorders other than hypothyroidism may also be induced by
thyréid therapy, as shown for example by Barnes (1959), but is
unlikely to be as dramatic er as profound as in hypothyroidism.
These changes are especially of value since it has already
been pointed out that the diagnostic index does not provide a
measure of the improvement in the early stages of treatment. By
using these two procedures it is possible to assess both the
initial response and the adequacy of treatment in any patient.

Their complimentary use is illustrated in Figure 26 which shows the
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respective mean values of the 18 patients in whom both
were estimated on each visit. It can be clearly seen that
the cholesterol demonstrates the efficacy of treatment while
the index indicates when control is satisfactory.

The diagnostic index, serum cholesterol and reaction
time may, therefore, be considered to be of value in overcoming
the problems that may be encountered in the treatment of
hypothyroidism since they provide quantitative methods of
confirming the changes noted by clinical observations. Their
use did permit the accurate demonstration of the unreliability
of dried thyroid as a therapeutic measure. In the course of
this study 7 patients were encountered in whom frank hypothyroidism
was apparent although they were all reputed to be receiving this
preparation. There was no reason to disbelieve their claim
that the medication was in fact being taken since they had
previously been well controlled for at least two years on the
same dosage.' When they were transferred to equivalent doses
of 1-thyroxine sodium there was a dramatic improvement. This
phenomenon is illustrated in Figure 27, where it can be seen
that the diagnostic index, cholesterol and reaction time were
all abnormal at the time that the patient was actually receiving
dried thyroid (gr.2 daily). These parameters, however, all
returned to normal levels within six weeks of the imstitution

of thyroxine (0.2mg daily). Such observations as these and
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those described earlier in this chapter do, it may bve
suggested, provide further evidence regarding the validity
of the clinical diagnostic index and, therefore, additional
justification for its adoption, as has been advocated
throughout this theéis, for use in the routine assessment

of any patient in whom hypothyroidism may be suspected.
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CHAPTER 21

THE THERAPEUTIC TRIAL

Summary
The final proof that any individual is hypothyroid is

provided by the response to therapy.

The administration of gradually increasing doses of
l-thyroxine sodium provides the safest method of restoring -
the hypothyroid patient to health. The evaluation of the
therapeutic response may be difficult since the improvement
resulting from the cautious therapy will be gradual. It
will, however, be observed by careful clinical assessment
especially if the clinician is aware of the pattern of changes
in the symptoms and signs that may be expected. Confirmation
that fhyroxine has had a therapeutic action may best be
provided by the fall in serum cholesterol that typically
follows the institution of treatment. The diagnostic index
shows little initial alteration, but is of value in indicating
when the dosage is adequate to maintain the patient in a
euthyroid state. The return to normal of the reaction time
and B.C.G. provides useful methods of confirming that |

satisfactory control has been established.
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The observations recorded in this thesis provide
little support for the tenet proposed by Starr (1954)
that "the practice of medicine guided by symptoms and
signs is not enough to give the patient health".
Indeed, these studies have emphasised the importance of
careful history-taking and clinical examination by showing
the high degree of diagnostic precision that may be attained
by clinical assessment. It must be admitted that in some
instances valuable assistance can be obtained from the
laboratory investigations, if those employed are carefully
gelected. These tests, however, are not infallible and
can be misleading if they are not interpreted in light of
the clinical picture. It has therefore become apparent that
the clinical findings and the results of the tests of thyroid
function must always be considered in conjunction. Only in
this way is it possible to demonstrate accurately mild degrees
of thyroid insufficiency and permit the diagnosis of
hypothyroidism to be established at an early stage in its
-development. This complementary use of the traditional art
of medicine and the scientific discoveries of the twentieth
century provide a vivid iilustration of the truth of the

dictum laid down by Roger Bacon in the thirteenth century -



"All sciences are connected; they lend each other
material aid as part of one great whole, each doing its
work not for itself alone, but for the other parts, as
the eye guides the whole body and the foot sustains it
and leads it from place to place. As with an eye
torn out or a foot cut off, so it is with the different
departments of knowledge; none can attain its proper
result separately, since all are parts of one and the

same complete wisdom".
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Comparison of Incidenc

Table 3

e of various clinical

atur ted j
e 4
Lerman Present Study | Sheedy & Lienhard
77 cases 100 cases 2 cases
% % %

Weskness (Tiredness) 99 o8 95
Lethargy 91 85 100
Sensation of cold 89 95 €0
Decreased sweating 89 68 60
Memory impairment 66 65 55
Constipation 61 54,
Gain in weight 59 76
Loss of hair 57 41
Dyspnoea 55 72
Hoarseness 52 74 45
Anorexia 45 40
Nervousness 35 51 35
Menorrhagia 32 33 (18 cases) 50
Palpitation 31 23
Deafness 30 40 55
Loss of weight 13 9
Dry skin 97 79 20
Coarse skin 97 70
Slow speech 91 56 (hoarse 87)
Oedema of eyelids 90 86 75
Cold skin 83 80
Thick tongue 82 €
Coarseness of hair

(dryness) 76 75 €0
Oedema of face 79 95 75
Peripheral "oedema" 55 57
Pallor of lips ' 51 %0 4
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Table 6

Percentage Incidence of Symptoms in

Pufﬁn@ ss

———Pituitary' Hypothyroidiam
Pituitary A1l
Hypothyroidism| Hypothyroid

No, of Cases 15 100
Dyspnoea 73 72
Tiredness 100 - 98
Lethargy 80 85
Muscle Weakness 73 61
Muscle Pain 13 36
Joint Pain 26 29
~ Paraesthesia 13 56
Deafness 26 40
Impeired Memory 67 65
Cold Intolerance 93 95
Heat Intolerance 0 2
Temperature Indifference 7 -3

Sweating Decreased 80 68 -
" Unchanged 20 30
" Increased 0 2
Hair Untidy € 62
Hair Loss 13 41
Skin Dry 47 i
Nailg Brittle 20 AR
Appetite Increased 0 4
®  Decreased 53 0
" Unchanged 47 56
Weight Increased 47 76
®  Docreased - 26 9
®  Unchanged 26 15
Constipation 33 54
Hoarseness 13 74
Angina 7 16
Palpitations 13 23
Nervousness A 51
Depression 73 €0
20 89




Teble T

Percentage Incidence of Signs in

'Pituitary' Hypothyroidi

Pituitary ALl
Hypothyroidism | Hypothyroid

No, of Cases 15 100

Speech Slow 67 56

Speech Hoarse 33 87

Cerebration Slow 67 48

Movements Slow €0 73

Skin Coarse 7 70

" Dry 60 79

®* Cold é0 80

" Pale 87 50

* Yellow 7 48

Nails Brittle 13 24

Nails Striated 0 31

Face Puffy 53 95

Face Malar Flush 0 55

Eyes Puffy ) © 86
Extremities

Supre-clav,) Fuffy 2 51

Exophthalmos 0 11

Tongue Large 20 €0

Pulse Rate LEO 20 8

0= 26 39

70-79 47 32

>80 7 21

Oedema 0 5

Hair V, sparse 0 5

®* gSparse 7 24,

Eyebrows Sparse 80 84
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Table 9

Relation of Body-Weight to Acroparsesthesia

"Weight

Case Change in B.M.R. Acro- Comment
No.| 1bs. | weight (1bs)| % paraesthesia
12 171 -31 ++ Hypothyroidism relapsed
| 155 -16 +12 - when treatment changed,
165 +10 ] + with transient return
147 -18 +21 - of acroparsesthesia
2 170 -36 ++ Complete remission and
151 -19 -2 - restoration of
conduction velocity
(Table 10)
13 179 -26 ++ Rapid response to tri-
165 -14 + 1 - iodothyronine (3 weeks),
no relapse.
6 140 -28 - Severe hypothyroidism,
136 -4 -3 - but patient not
: overweight.
4 186 -5 ++ Good metabolic response
182 -4 +21 + but remains overweight.
8 150 -30 + Good metabolic response
147 -3 - 8 + but remains overweight.
14 173 =17 + Good metabolic response
160 =13 +3 + but remains overweight.
15 141 - + Hypothyroidism improved
' 146 +5 - + but patient gained
weight.

’




Table 10

Restoration of Nerve-Conduction Velocity

When hypothyroid

Following therapy

Weight | Length (cm.)| Delay (msec.) Difference
(1bs) | Elbow | Wrist Elbow Wrist (elbow to
to muscle |to muscle|wrist)(msec)
170 |26.5 4.5 21 16 5
151 | 25.5 5 12 Te5 4.5




Table 11

Values allocated to the selected symptoms

and gigns

SYMPTOMS (recent onset or SIGNS
increased severity)
PregentAbsent Pregenﬂ Absent
Physical Tiredness +L Speech Hoarse +1 0
Mental Lethargy +3 -3 Cerebration Slow +2 -1
Paraegthesise +2 -1 Movements Slow +2 -2
Deafness +1 0 Skin Coarse +L 0
- Gold Intolerance +1 0 ® Dry +1 -1
Heat Intolerance -3 0 " Gold +2 -2
\ .
Temp. Indifferen -1 0 " Yellow +1 0
Decreased Sweating +2 0 Periorbital
puffiness +2 -2
Increased Sweating -3 0 ‘
’ Puffiness of supra-
Hair -- untidy and/or clav, fossa and/or| +2 -1
loss +2 0 wrists
Skin dry +3 -1 Hair Dry +1 0
Appetite Increased -2 0 Pulse Rate <6l +3 0
Appetite Decreased +1 0 f1-69| 4 0
Weight Increased +2 0 70-80| O 0
Weight Decreased -2 0 >80 -2 0
Congtipation +3 -1
Hoarseness +2 -1
Totals Totals
Total Symptom Total Sign
Score Score

TOTAL SCORE
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Table 14
Distribution of Indices =~ probabilities based on

observed percentageg

a, Euthyroid subjects presenting diagnostic difficulty,

0,321

0 or over
+5 * ® . 0,121
#10 * " - 0,0304
5 " " - 0,0049

b. Hypothyroid patients presenting diagnostic difficulty,

415 or less - 0,277
40 ™ ® 0.0749
+5 . "’ - 000179
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 Table 17

6 U 13 -
ﬁefinite Doubtful All Doubtful
Hypothyroid|Hypothyroid [Hypothyroid|Euthyroid
Urine .
Excretion -
8. 8-24hrs,
>20% 20 (87%) 11 (922) | 31 (89%) 6 (33%)
<20% 3(13%) | 1 (8%) 4 (11%) | 12 (67%)
No, of |
cases 23 12 35 18
b, 6~24hrs.
>2% |22 (928) | 21 (eeh) | 43 (90%) | 6 (50%)
<25% 2 (&7) 3 (12%) 5 (10%) 6 (50%)
No. of
cases 24 24 B 12
Ce 6/8-24}11'50 .
> 12 (89%) | 32 (8%) | 74 (8%%) | 12 (40%)
<Nt 5 (11%) 4 (11%)‘ 9 (11%) 18 (60%)
No. of | |
cases Yard 36 83 30

'N' represents the upper limit of the percentage of 133;
excreted by normal individuals, i.e. 20% in 8-24 hour

period and 25% in 6-24 hour period.




Tebleg 18

Ry Urine 1311 Excroti = Di ibution of e
Definite | Doubtful ALl Doubtful
Hypothyroid | Hypothyroid | Hypothyroid | Euthyroid

Urine
Excretion
2/~48hrs,
>10% 40 (83%) 33 (92%) 73 (87%) 4 (12%)
£10% 8 (17%) 3 (&%) 11 (13%) 30 (88%)
No.
cases . | 48 36 84 34




Table 19 _

™ Index - Distribution of resulis
Definite‘ Doubtful A1l Doubtful
: Hypothyroid | Hypothyroid |Hypothyroid | Euthyroid
| T Index *
a. Tg
<247 |20 (95%) | 10 (918) | 30 (94%) 4 (22%)
>2,7 | 1(%) 1 (9%) 2 (&) 14 (77%) |
No- ot | = 1 R 18 |
5. Tg .
<1.5 | 20 (83%) 20 (83%) 40 (83%) 4 (368)
>1.5 | 4 (17%) 4 (17%) g (172) 7 (64%)
No, of
cages R4 24 48 11
c. Tg&Tg \
<IN' | 40 (89%) 30 (867) 70 (88%) 8 (28%)
>IN |5 (11%) 5 (14%) 10 (12%) 21 (72%)
No, of
cages | 47 35 &0 29

T, and T, represent the indices calculated when the
urinary c¢ollections on which the 'T' Index was based
included 8-24 and 6-24 hour periods respectively.
'N' represents the lower limit of normality for both
and T and has been employed to permit study of
tﬁe two 1nd1ces together.



Table 20

_ Gomarison of Diagnos‘hic ]éndex and Gland U take-

Index - Uptake

Correct Correct

83 (876)

Index Uptake
Correct Wrong

2 (%)

Index kllptake ,
Wrong Correct:

10 (10%)

Index Uptake
Wrong Wrong

1 (1%)




Table 21

Comparigon of Diagnostic Index and 24~48 hr,
Urine 1311 Excretion with Final Diagnosis in

80 Hypothyroid Patjents
Index Urine Index .Urine
Correct Correct Correct Wrong
6/, (80%) | .8 (10%)
Index Urine | Inde’i ‘ Uriné -
Wrong Correct Wrong  Wrong
6(s) | 2 (28)




Table 22

Effect of Sedatlon and Technlque on Accuracy
a (R SOn .

Method A

Method B

Definite
Hypothyroid

<15
19/23 (83%)

19/30 (63%)

Doubtful
Hypothyroid

<~1%
12/17 (71%)

9/23 (39%)

All
Hypothyroid

<15
/L0 (77%)
28/53 ( 53%)

|Doubtful

Euthyroid
>-1%

129/3%0 (97%)

8/8 (100%)




Table 23

Effect of Different Standards and Renges of
Nomslity on Accuracy of Bagal Metebolic Rate

Final
- | Diagnosis.

Hypothyroid
| Euthyroid

All Casges

NOQ of
Cages

40
30

70

Diagnosis correct by

Robertson
and Reid

3L ('77%)
29 (97%)

60 (86%)

<10%
39 (97%)
21 (70%)

€0 (86%)

<<1%
36 (88%)
23 (77%)

59/70 (84%)

Aub and Du Bois

<=20%
33 (83%)
28 (93%)

61/70 (87%)




Teble 24

Comparison of Index and Basal Metabolic Rate

Hypothyroid

-

o

Index B.M.R, Index B.M.R.
Correct Correct Correct Wrong
29 (72.5%) 9 (22.5)
Index  B.M.R. Index B.M.R.
Wrong  Correct Wrong Wrong
2 (5%) =0 (0%)
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Table 26

Comparison of Diagnostic Index and Serum
Cholesterol with Final Diagnosis in 117

Hypothvroid Subjects

Indek Cholegterol
Correct Correct

81 (69%)

Index Cholesterol
Correct Wrong

23 (20%)

Index Cholesterol |
Wrong Correct

12 (10%)

Index Cholesterol

~ Wrong Wrong

18
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Table 28

E.0.Go Abnormmalities found in Hypothyroid

_Patients
Group' No. Grade of Changes
++ + & -
"Definite* | 35 23 5 b 1
PDoubtful® | 25 14 5 3 3
A1l Cases | €0 | 37 (62%) | 10 (17%) | 9 (13%)

4 (68)




i 05 TOT | T80
cero | $T |otero9seeo |sseto| o | -9
0 | 81 |8982°0-7€22°0 ﬁnm.o.,. 92 8..8
€60€°0 | OT - |B80Lz°0-¥802°0 |9662°0 | T2 | 05-O¥
ORE®O | L  |8662°0-7L6T*0 982’0 | €~ o

- suosaed |eSusy TeUION | (*oes) mmomnom |
usej Jo *on | . uge|] Jo *oN| eS8y

I E&Epo&m £y31eeH | |




Table 30

Effect of Thyroxine on Mean Reaction Times

——of Hypothyrojd Patjentg
. Mean Reaction Time (sec.)
Age — :
' No. of | Before | After Normal
" |persons | therapy | therapy Meean
<o | 4 | .0.303 |0.2287 |0.2286
. 40-50 0.322 |0.2374 |0.2396

7
-6 7 | 0.37 |0.2466 [0.2546
| 6 | 0.3 [0.2570 |o.258 .
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Table 32

Comparison of Index and Reaction Time
with Final Diagnosis in 79 Hypothyroid

_Detientg
Index  Reaction Time Index Reaction Time
Correct Correct Correct Wrong
€ (76) 8 (108)
Ind;x Reaction Time Index Reaction Time
Wrong - Correct Wrong Wrong
2 (3%)

9 (11%)




Table 33 ‘

Companson of D:Lagnostlc Accuracy of Selected

at at n +,
‘ -

. Final Cage | Reaction | 13 :

Score| Diagnosis| No, | Time Uptake | Urine [Cholesterol
0 E 113 - .o "0 o
0 * B 129 0 o - x
0 ' E 149 o 0 o )
o | = 91 x 0 ) x
1| B 107 - 0 o x o
1 B 128 |. o o o ol
L ‘ E 130 - .o’ ‘o o
2 B 109 o 0. o x
2 B ‘135‘ ‘ Ax. ) o 6
2 E. |12 o 6 X o
2| B 143 | o o o x
2 B 147 °o o - K
3 E 108 - o o )
3 E 148 - o o o
2, B \119 B "o o) - o)
4 E | 137 1 .o ) o )

o =Nomsl result B = Euthyroid

x = Abnormal result

H = Hypothyroid

H*= Hypothyroid with Hashimoto's

. thyroldltls



 Table 34

ected

Comp,arisoﬁ of biagnostic Accurac& of Sel
.« es . X . a6 to
,,Fiﬁal | Case| Reaction 131 .
Score| Diagnosis |No, | Time Uptake | Urine | Cholesterol
16 H* 34 x X ) )
16 H ' 84 X X X X
i’7 H 53 5: X o X
17 H 63 X x x x
17 H 1 67 x o x )
18 H | 16 x X X x
18 H 43 X X X x
18 H* 62 o x x x
18 H* 6/, ) o X x
18 H 82 . x x ) x
19 H | 44 x - X X
19 H 5, | x X 0 x
19 H | /.59 x X x b4
19 H 72 X X b4 o
19 - H* 77 X o X X
19 H | 4 90 X p:4 X X
19 H 96 | x x x x
o = Normal result E = Euthyroid

x = Abnormel result H = Hypothyroid
H* = Hypothyroid with Hashimoto's

thyroiditis




Rapge! (+5 to +15)

Table 35

Comparison of Diagnostic Accuracy of Selected
Investigetions in Patients with Indices in 'Equivocel

| Final Case| Reaction 131y Cholestercl
| Score | Diagnosis iNo, | Time Uptake | Urine
I E 12| o 5 - 5
6 E |122 0 x o o
6 B || o ° o o
7 E 126 o ) x )
7 E 133 o o o o
g8 - E . 139 o ) ) )
9 E 12| - ° o o
10 E |15 - o - x
5 H* ‘ 86 | x o - x
7 H 76' x X - X
8 H 94 X X p 4 b4
1 10 H 197 x x x x
11 . H 39 | X X X p 4
11 H 65 - x b4 x
12 H 68 x x - x
12 H* 87 X ) o X
12 H 95. - x x x
13 H . 61 ) x ) o
13 H 9 x x x x
o =Normal result E = Euthyroid
x = ormal result H = Hypothyroid

¥* = Hypothyroid with Hashimoto's

thyroiditis



Tahle 36

Changes in Diagnostic Index Following .
Thyroxine Therapy '

| Thyroxine:
mg/day | Nil |0.025 [0.05 | 0.1 |0.15 | 0.2 |0.25]0.3
Cage No, _ |
16 18 | 14 12 |=10*
45 30 27 10 |=_6*
77 19| 20 13 [= 4% -
2l 23 | 17 6 |=12 | -17*
85 36| 29 18 =1 |=-7%
180 27 | 22 9 |=3 |-17*%
5 25 14| 10 - a*
20 25 27 19 8 -1
€9 13| 21 18 | 3 |=15%
70 1| 30 11| 2 |-=18 ‘
18 32 22 | 12 | =7_|-13*%
63 17 | 10 71 2 [=2_|-14*
64 19 15 2 (=5 |-13*
84 16| 21 17 | 2 |=8 |-16*
90 19 | 20 12| 3 (=5_|-12*
93 27 17 |14 | =9 | -13%
94 -9 20 4 =11 | -16*
13 33| 24 21 | 17 11 | =_3%
17 23 | 23 26 | 10 5 |=23*
19 26 | - 201 9 1 | =9%
27 28 | 25 19 | 18 5 | = 6%
80 25 | 30 19 | 15° - 2o%
g2 19 16 | 14 1 | =10%
43 17 18|19 | T13%
202 35 20 | 2 9. | =4 -
198 22 19 | 3 | - 4 |-12*%
25 | 28 14 | 10 =10 ~14%
36 24 23 | 23 =1 - g%
168 19 | 26 | 19 7 - %]

* Indicates when patient considered euthyroid by
conventional clinical assessment.

Underlined figures indicate first nommal value
obteined following treatment.

~



lable 37
Changes in Basal Metabolic Rate Following

Thyroxine Therapy
Thyroxine | Nil |0,0251 0,05 | 0.1 |0.15|0.2 | 0.25
ng/day
Cage No,
16 -29 ] =10 |- 5%
21 -6 1 m +10 *
20 -28 =47 (=3 |- 5%
85 =25 =4 + 2%
27 =51 +26 | £ |+ *
93 -7 +8 +13 | +2L %
63 27 | =13 | +8 |-8 |-3 |+2%
84 =25 | =14 +9 |-1 |- 2%
90 =27 | =10 | =4 |48 |42 |+1%*
13 -36 | =21 | =8 |2 |-2 |+9*
80 25 | =21 | =9 |-4 *
82 =22 =12 |-4 (=9 |[+7*
202 -17 =13 | +27 +3%*
43 =34 -31 |=10_ +5%
17 -16 =27 =5 *
168 =21 =1L |+2
36 =17 -29 |1=12_ + 3

% Indicates when patient considered euthyroid by
conventional clinical assessment,

Underlined figures indicate first normsl walue
obtained, (% Robertson and Reid)




-3
[J
E

Change in Serum Cholesterol

F_‘Qllgm.nz__hmg.n@_hgr_px
Thyroxine |Nil {0,025 | 0,05 |0.1 | 0.15{0.2 |0.25] 0.3
: mg/day o ‘
Cage No .
16 - 347 | 278 | R49%*
20 740 | 314 282|172 | 238*
21 300 | 334 | 256|278 |249%
85 340 | 361 | 175|211 *
5 |64 386 |285 |334%
84 427 | 282 - |25 |2713 |151*
13 91 | 303 | 213|245 [239 |278*
43 326 225 - |159 203%
80 642 | 303 | 222|198 177*
82 303 6 170 |185 |141*
90 303 | 334 245|235 | 238 | 205%
17 410 6 |6 |252 |187*
93 490 340 |386 |263 |~”11*
202 439 439 [339 |256_ | 303*
63 832 | 648 | 416 321 |[340 |222%
198 334 278 | 303 298 |177*
36 278 340 | 278 143 1/9*
168 406 340 278 238 *

" #Indicates when patient considered eu‘hhyroid by

conventional cl.:.nical assessment.

Underlined figures indicate first normal value
obtained. (Mg.%)




' Iakle 39
Changes in Reaction Time

' *Indicates when patient considered euthyroid by

conventional clinical assessment.

Undexrlined figureA indieate first normal value .
obtained, (Secs.

Following Thyroxine Therapy
- Tﬁ;/mggne Nil }0,025|0,05) 0,1 |0,15 | 0.2 {0.25| 0.3
16 | 350 | 4354 |.a264 | .252% :
287 1 «284 | 2256 | 264 | .245%
5 | .33 294 | 4264 | .243%
180 0330 | 280 | .276 | L262 | ,255%
181 371 1 277 | 2214 .246*
20 959 | 610 |.494 | .385 | .292%(= +283)
90 .| .203]| .296|.28 |
43 | .320] | |.289 1230 .237%
82 oo | 260 |,223 |.233 [.222*
202 0323 ) -299 4.2_& 024—6 .25)*
13 W41 | o511 | o506 |.309 |.278 |.270%
17 o2 o347 |.308 [.242 |.232%
84 |.338| .365.296 |.204 |29 |.250%
93 +320. ~ o311 |.287 |.260 .237*
27 | 466 394 [.534 [.341 |.325 |.275°
80 G343 .323 [.307 |.297 | |20
198 o294 267 1,20 W233 |
36 279 | +267 14236 1,235 «230




Iable 40

Changes in Serum Carotene
ing Thyroxine Thera

Thyroxine :
mg/dey [Nil | 0,025|0,05{0,1 |0.15 [0.2 | 0.25] 0.3
Cage No, '
16 192 |. 187 | _63*
20 172 16 | 7 g1*
85 127 % 108 | 75 *
5 175 89 |101 | o95*
21 {157 | 157 190 |_45_ | 74*
43 2L 01 | ‘ p*
13 |144 8L | 80 | 78| 46+
63 174 | 148 | 71 {126 ér | 75*
80 130 | 131 62 38%
82 104 oL | _é8™ie 97 | 76*
84 127 | 154 130 | _68 | 96*
17 130 119 |148 | 122 |_55%
90 145 |* 154 |173 |112 | 120 %2*
202 180 | 175 | 93 | 124 |_61*|
198 I5.1 6, | 0 | . 9 | x|
36 19 6/, 57 34
168 108 76 = o

¥ ndicates when patient considered euthyroid by
conventional clinical asgsessment. ,

Underlined figures indicate first normal value
obtained. (ugsh)
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AGE DISTRIBUTION — PRIMARY HYPOTHYROIDISM |
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Figure 1 - Distribution of the ages at which the
’ diagnosis was established in hypothyroid -

subjects.
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Figure 2 - Distribution of the weights of 88 hypothyroid
patients in relation to their "average"

weights for age, sex and height.



a

AN EN

msec.

111 Ill\llj,lll;Lll 111

b

BEEREN

m sec.

SEENENENENEN TN NN

Figure 3 -

Shock artefact shows time of
stimulus at cathode on median nerve
at a) elbow, b) wrist. After delay
due to conduction along nerve this is
followed by muscle-action potential
recorded by co-axial needle-electrode
in abductor pollicis brevis muscle.
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Figure - Distribution of the sleeping

- pulse rates in 134 euthyroid
individuals and in 63
hypothyroid patients.



DIAGNOSTIC INDEX — CORRELATION WITH FINAL DIAGNOSIS
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Figure 5 - Distribution of the diagnostic indices

of 55 individuals in the "Definite Euthyroid"
group and of 55 patients in the "Definite
Hypothyroid" group.



DIAGNOSTIC INDEX — CORRELATION WITH FINAL DIAGNOSIS

DOUBTFUL — PROVED HYPOTHYROID
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Figure 6 - Distribution of the diagnostic indices of
‘ patients in whom diagnostic difficulty had
been encountered; 50 were finally shown to

be euthyroid and hypothyroidism proved in 45.



DISTRIBUTION CURVES: DEFINITE GROUPS
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Figure 7 - Distribution curves based on the observed
clinical diagnostic indices of the
"Definite" group.



DISTRIBUTION CURVESH: ‘DOUBTFUL’ GROUPS
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Figure 8 _ Distribution curves based on the observed
clinical diagnostic indices of the
"Doubtful" group.
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Figure 9 - Relationship of the gland uptake and urinary

excretion_in 24-48 hour period after tracer
dose of 1311 in hypothyroid patients.
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Figure 10 - Relationship of the clinical diagnostigl
indices and the urinary excretion of I
in 24-48 hour period after tracer dose
-in hypothyroid patients.
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Figure 11 - Changes in the basal metabolic
rate following thyroxine therapy
in 5 patients in whom hypothyroidism
was demonstrated but whose B.M.R.
initially lay within the "normal"
range.



No. of Patients

EUTHYRO/ID

HYPOTHYROID

100 200 250 300 350 400 500 600 700 800
Serum Cholesterol — mg %

Figure 12 - Distribution of serum cholesterol levels
in euthyroid and hypothyroid subjects.
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Figure 13 - Changes in the serum cholesterol level
following thyroxine therapy in 39

hypothyroid patients.
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Figure 14 - Distribution of serum carotene levels
in euthyroid and hypothyroid subjects.
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Figure 15 - Changes in the serum carotene level
following thyroxine therapy in 27

hypothyroid patients.



Figure 16 - The apparatus used to measure reaction
time.
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Figure 17 - Circuit plan of the apparatus.
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Figure 18 - Reaction times of 50 hypothyroid
patients showing the prolongation

outside normal ranges.
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Figure 20 - Effect of triiodothyronine on
B.M.R., serum cholesterol level
and reaction time in a
hypothyroid patient.



QUICKENING EFFECT OF DEXTRO-AMPHETAMINE
SULPHATE (i5 mgms.) ON REACTION TIME

NORMALS - 6 Cases — MEAN MAXIMUM QUICKENING
= 00248 secs.
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Figure 21 - Changes in reaction time
following administration of
dextroamphetamine sulphate to 6
healthy people and 7 hypothyroid
patients.
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Figure 22 - The clinical diagnostic index used
as a measure of severity and
correlated with the reaction time of
hypothyroid patients. The
regression line of the index on the
reaction time is shown.
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APPENDIX I

Clinical Diagnostic Index -- Recommendations for Use

SYMPTOMS

Queations requiring only positive or negative replies
should be avoided and special care should be taken to ensure
that the initial question about each symptom is not a leading
one. Supplementary questions should always be asked and
before a symptom is recorded as present these supplementary
questions should confirm ér clarify the initial anmswer. For
example, in the case of weather preference the patient should
be asked first "What type of weather do you prefer?", rather
than "Do you feel the cold unduly?". 4 suitable supplementary
question would be "Do you sit nearer to, or further from the
fire than you used tor".

Only symptoms of recent onset, or recently increased
severity should be recorded, bearing in mind the duration of
the main complaint. Where there is any doubt ahout the
presence of a symptom, it should not be recorded. The criteria
for individual symptoms are as follows:- (the features underlined
indicate those later adopted for the clinical diagnostic index)
Dyspnoea on exertion - the age of the patient should be taken

into account, the symptom only being significant if of

recent onset.

Physical Tiredness refers to a feeling of unusual physical
exhaustion during or after familiar physical effort,



e.g. housework.

Mental Lethargy is shown by a disinclination to undertake

tasks previously carried out routinely.

Muscle Weakness is a feeling of recent impairment of strength

in arms or legs on performing familiar tasks.

Muscle Pain refers particularly to a tight constricting

sensation or frequent cramps produced by familiar tasks.

Paraesthesiae are defined as sensations of tingling or

numbness in the extremities.

Deafness - the age of the patient and the known presence of
aural disease should be taken into account.

Memory (impaired mental power) may be noted as impairment of
memory, often for minor matters, e.g. when shopping;
loss of concentration, e.g. at work with difficulty in
calculation; or in loss of interest in previous habits,

e.g. reading, sewing, etc.

Temperature Preference is of high diagnostic significance and a
decision should be reached only after supplementary
questions., Suitable ones elicit comparison of habits
with those of friends or relatives, discomfort when outside
in cold weather, the habit of sitting close to the fire or
the increased use of bed clothing or hot water bottles.

Hair changes - Untidiness refers to a change in the hair which
produces difficulty in keeping it in place. A rapid loss
of "permanent waves'" may have been noticed.

Loss of hair should not be recorded in the male

unless it is severe and there is no family history of
baldness. In the female it is only of significance if

considerable(iﬂ&rease has been noted.

s



Dryness of the skin should have been noted by the patient,
not only on the hands, but on the baok of the arms or
front of the legs. The latter may be noted when
removing stockings.

Nails - brittleness refers to greater tendency to break
especially.

Appetite change - the question "How is your appetite?" should
be an enquiry as to whether it is regarded as less than

normal, normal or increased.

Weight change should be definite, recent, progressive and
confirmed by the slackness or tightness or clothes and by
the opinion of friends and relatives. If the patient
has kept records of weight, an increase or decrease of
7 1bs. or more during a period of up to two years should

be considered significant.

Constipation should be recorded only if there has been a recent
change in bowel habits or much larger doses of purgatives

have been necessary.

» Hoarseness ~ the patient, friends or relatives, should have
noticed & change in the quality of the voice which may have
become huskier, deeper, or weaker especially if talking

for prolonged periods.

Anginal Pain and Palpitations are only of significance if of

recent onset.

Nervousness

Depression is important if there has been recent change in the
attitude and reaction of the patient to matters, often
minor, that previously would have caused no emotional upset.

Puffiness should be recorded if a change in the features has been
noted by the patient or friends with swelling, espécially -

of the eyes or submandibular region.



SIGNS

The following criteria should be fulfilled before a
positive sign is recorded.

Speech - the voice should have a deep, croaking end monotonous
quality and speech should be slow.

Slow Cerebration is defined as delay in answering questions .

or poorness of memory.

Movements Slow - the patient should be observed for slowness
and fumbling while removing and replacing clothing.
Movements may convey an impression of over-deliberation.

Skin - Coarse - the forearms should be examined for roughness

and scaling.

Ury - no sensation of moisture should be present on
the palms.

Cold - the palms are compared with those of the
examiner taking into account the environmental
temperature.

Yellowness - should be present in the face, but not the
conjunctivae

Pallor - should be immediately obvious.

Nails - the edges should be examined for irregularity, breaks
or roughness and the surfaces for longitudinal striations.

Periorbital Puffiness is a swelling of the periorbital tissues
and is usually most evident in the infraorbital region.

Facial Puffiness - the face should appear swollen and puffy
with the normal folds less apparent. The periorbital
tissues should appear "full" with infraorbital swelling.
The presence or absence of a "malar flush" should be noted.

Tongue - this should be recorded as large if, on protrusion,
it appears broad and rounded, filling the breadth of the
open mouth and at the same time appears unduly thick when

viewed from the side.



Puffiness of the supraclavicular fossae or wrists - the
fullness or the tissues in these sites should be

sufficient to obliterate bony prominences.

Hair dry - the hair appears lustreless, hangs limply and,
when felt between the finger tips, feels dry and gives
no sensation of smoothness or oiliness. Sperseness
should be marked; it should not be recorded in a male.

Pulse Rate - this is counted for one minute.st the end of the
examination.




99 |99 TI| 99 S7| 0O L 4 €2 €9 62 L 22 pe3usyoup “
o7 |¢€ 9 27 Ye| €€ ¢1| € 2T g7 gz | ¢ 2z | peseaoeq «
7 0 o0 9 € 0 € AR | 0 1 peseexouy o3tyeddy
i Bl B T O B - - =1 - - Pmmoxp peddoyg
IV4 K g7 LE| € 91 1 ¢t o7 62 € ze o33y STTeN
LL | LL €T LL 79} 99 o0f g G2 g8 LY 8 6¢ £1q upis
- - - 9 65| - - - - - - 0 - [Butmoap peddoyg
™ | $€ 9 27 G€] g€ 91 Z 71 ¢ ¢z | ¥ 12 SBOT
29 |0E ¢ 0L LS| 99 0f | € 2 s 2z} 2 o¢ Aptyug ITey
A 0 0 2 2 2 I 0 1 2 1 0 1 pesgexout .
oc | 2T 2 Ve 82| 27 61 2 LT o IT 0 11 pedusyoup *
89 |48 GT| Y9 €9 69 ¢Ge G o 8L €7 0t €¢ | Ppesesxde(q JuT3semg
€ 9 T Z 2 L € 1 Z 0o O 0 0 juexezy TPux
b 0 O© 2 2 g 2 0 r 0 o 0 0 P10D a
G6 |96 91| 96 6L| 68 o7 9 e 00T $¢ ot Gy 30H JI03 eduaxejexd
g9 |28 AT| ¢9 16| 76 W2 | ¢ 61 GL T7T| 6 2€ Axroue}
o7 |9 9 g7 el g€ 91 T ST Y Yz g 6t sseugeeq
9¢ |6 9 o 6| 97 12 Z 6T €9 6¢ K4 1€ esTeey}E6BIB]
62 | LT € 2E 92| 9¢ 9T e 71 €2 €1 T 1 Uted jugor
9t |62 ¢ L TE| ¢€ 91 g Y1 9¢ & £ L1 uTed eTosnp
9 |¢5 6 €9 29| 99 62 € ze g9 ot 9 o€ sseuyse M eTosny
Q@ |96 91| 98 @ | 28 L | 9 T€ L3 g7 ot 8¢ £3x1eygery
86 [96 91| 86 28| 86 7 w 8¢ 86 ¢ 0T 7 gseupext]
2L |€9 6 | 8L €| 6 1€ ¥4 L T LS 9¢ | 13I033F uo weoudsiq
% $ LT! % €8 % SY | L 8¢ % 9 ot %4 sesg) Jo °*ON
Te305 | oTeK eTsue 18305 | ©TeK | oT8uWeq 18301 | ©TBH | ©TBWS ’
SHESYD TIv dno¥dh Inirdnod dno¥o FLINTIEA SWOLINES

sjueTied prordyjodfy (y) s3Tnsey




gwglﬁﬁwﬁ&\“-\lsg

o N
~

O
o~

Te30]

L8
cl
LT

Y= WA AR gt

Sqosllll
o~

O
~
N~
~

e18N

06

L9

09

ek 2
9T

L

4

LL 79
g 2
L LY
¢T 21
oT 8
L) €9
oTewe g

6 T
99 &
9 €2
¢z 1t
rA SR
99 0t
0o o0
LS 92
8T 8
71 9
89 1€
18301

OO N I~

Ao |

/]
i
=

N~ D T
NN

N

{

u\mmog 1P

(o))
N

eTsue]

I NAHO W

00O MNOY

—

("\l\‘&\c\lgg‘ lNNNw:&Og%

n
o«

oTsUe

sseutying
uotssexdeq
SSOUSTIOAIO N
suoT3e}TdIRd
uted Teutduy
B TIBYIIOUS |
" gooyIIouswodTT0
geoylxoueuly
*ous) 3£04d - UOTBUIFSUSH
SSeuesIsol
BOOUIIBTQ "
pesedrjsuog sTemog
pedusyoug «
pessexdeq «
pesgoxouy UITeM

o8N




09 (oL <2TI|ee 87{29 82| 9 22 g 2l 9 92 e3xe7 enduo],
2 |19 Tt 1 lz 1 1 0 z2 1T1{o0 1 887 PTT o
g 9 1|1 I(0o o 0 0 € 2 1 1 UoTIOBINSY PTT o
IT |41 € ot 8 |¥Y ¢ 1 1 8T 6 | 2 L souTeyjydoxy sely
98 |96 9T(98 OL|08 9€ | 9 (44 06 06| ot o7 | sseutyynd *31qro-gI0g
GG | ¢ |9 &7 e 8T €9 ¢e| € e ysnig I8l o
g6 |96 O9T|98 69 |€6 ¥ 9 9¢ 96 €9 014 4 sseurying edsvyg
- - - |- - |- - - - - - - - TeWION -
€ |09 Orl9z T1e|o7 st G €T | Y2 €1] ¢ 8 pelsTIgs
Y2 (o€ g lgez 6Tl 2 T 11 g ei| ¥ 8 o133 TIg STTBN
g7 |oL  2TI|EY 9e |7 o G ST % 8| L ) A USTMOTTEX o
o L7 8 loe v |67 zz € 61 ¢ 8| ¢ €2 eTed
8T |9 T|02 LI|ST 8 T L 8T or| o ot WIBM
6 |21 2|z 811 YT g AN 1T 9 0 9 ISTON &
92 LT € |8 €227 61 2 LT €T L T 9 yjooug 4
08 [96 9T|8L 9 |€8 LE 9 1€ 8L €7 o1 €¢ P1°0
6L L8 STI8L 79|89 I€ 4 9z L8 87| o1 8t Lxqg
oL |28 YTjL9 9gles e g 6T | 78 97| 6 LE 881800 UTS
i 8T € |6 Yz |oy g1 Z 91 91 6 T 8 TBWION w
€L |28 TrlaL 65| L2 G 2e 78 97| 6 LE MOTS SqueueAo)n
g |7 L |s€ g7|8 92 fA Y2 9% 9¢| ¢ 12 TBWION -
g7 |6 OTj9Y g€ |27 61 G 71 G 62| ¢ Y72 MOTS UOT}BIGEISD
L3 |00T AT(98 OL|LL <€ L 82 ¢6 26| ot A 8IB0H
9¢ |LL €T|ES €7 |9Y 12 g 9T G9 G| 8 2 MOTS yoeedg
% $ LI| % €8 ¢ oY L 9 % 65| o1 Gy g8esg) JO ‘ON
Te30L| ©OTBH | efsuweq | Te30], | eTe{ | eTeweg| Te30] | oTeH | oTeuwed
SISYD TIV dno¥y Indranod - dno¥y FIINIIAHG SNOIS

8300T18d PTOIAYLOGAY (y) S3Tnsey




Te10]

L €T
et 2
g9 TI
g€ 9
9 1
9 T
9 I
7 L
3T ¢
€ ¢
L7 38
g1 2
9 1
9 1
(4
(4

98
x L1
LL Y9
e 81
G ¥4
0
g 4
9 0
€2 61
A F
L 1€
L 9
6 L
Z 4
€T 11
e 81
eTewel

R
NN H O H o
i W |

&
o

9¢ ¢l
183101

HrAOAFRATHNO O NDY N

|
&

1T
eTsueg

L8 87
et L
GL TV
€ AT
¢ €
0o 0
6 ¢
T &
8T O
6 91
e 7z
6 ¢
g €
€ 2
L7
g1 8
T830],

ﬁHHOHb’HH’\'I’HOH“\[AHw

T8N

~ M

[Ta¥ ~3 ~3\0 O
l\mH('\\'PSHO\N\’?ON =1

eTaue I

esxedg smoxqely
881800
LAxq 4
esredg 4
esIgdg *j 4
juesqy IT8H
suspeQ .
ssoutTIIng SOT}TUOIYXE
o< "
6L-0L "

69~ a

0y> *utu/esTnd
I8TOPON ™
esngJTda a
WITL «

eTqedTed proxdyg

(*3u0Q) ETUSTEd DTOIAYIO0AH (¥) SFIAEo




Lds
g1 91
8
0c

Y1 ST
e 22
8 0t
1€ 2¢
G 6%
LT 81
67 19
21 €1
6 TV
1€ 2¢
ST 91
¢T 91
2 G2
LT 8T
1 22
LT 8T
79
e 99
% 6OT

18304

\?\O\D.—it‘\lt‘\\fl-o(\lj

~

N0 O NN NN~

91

L9
Tt
8

LT
AN

61
6c
92
67
71
a7
A
LE
L2
71
71
€2
91
)
8T
(34
0g
68

oTBl oﬁmeoh

99 €t
e 1T

.¢T 9

e 21
e 1t

e LT
97 €2
8T 6
8 6
7z 21
92 €1
0T ¢
9 2¢
97 €2
e 11
8T 6
2 21
KAEAY
o€ 41
92 €T
g8 v
99 €€
% 0¢
18307

tlo-AWn

{9V 9N

O N0 OO ANMHITAANANO AN

oTeN

JogRIeg IR

1t
Al
K4

8
61
ot
L

11
1t
T
€T
8¢
0t

r

eTsuS g

w S¥CRAIQTGYNSHFYNC 1-Q 1 Yo

18301 | oTel | eTeuweg

oo™

N
OMNHY O I H N

O NN OO NN~ n
o~ r-ll\ oxcxoogg\ o~ ! oI 8
—

NNOHHHOAAOO

N
0 UatXo R Ia eV S N a3 B0
\?R&l Hl\ 000\008(‘7 (\(Sl\ | l\i(\l\'fg;

0N wn\
R EQ

ot

Sutmox3d peddoag

pesdusyoupn a
pesgeIoe(q -
pesgexouy egrqeddy
()
OTIITIg STTBN
£1q utys

Butroxd peddogs

8807 4
£ptyup atey
pesgaxduy a
pedusyoupn -
pesealoe(q SUTleemns
JuexsIITpur %
PT0eD ™
104 X0J eduaieyexd
Axowe
sseuJse(
sgTseyyserIvd
Uted juTopL
uted -
sseuxeepM oTOSMK
L3xeynerg
SSeupeIT]
130335 uo weoudsiqg

g€esB) JO °*ON

SESVO TIV

docyd In414n0d

do0ody ILINIAIA

SWOLIWAS

S3usTyed proxkysng (g) ©

Buv

B

5%

}neey

v




9T 4T
™ €Y
A4
o T2
6 6
8T 61
0 o©
0T 11
6 €Y
€ Ye
9¢ 8¢
1830(

DAY R aa N o |

WNDC HOM

T8

YRIIA

61suo g

HRYKRN
&

9T 8

e ST
e L1

18301

NOHrHH

NN HON

T8N

1
72
€2

oWVNO\&

¢t
0
L
91
71
KAt

oTeuS I

€e 81
9¢ 2
T 9

\VoRNs i TaWe Wel
RS
oMo

Te
1830l

A NNO

nNA~to O~

18K

WO \O o~
e ~

S

WO

oTBUS

sesunIInd
uotssexdeq
£80USNOAIS N
suoTyeyTdTed
uted TeUTduy
aTdeyrrIous)
P X 0usuodTTO
weoyIIOuely
*ousu-4804
UO BN §S8USN
8S8UBBIROY
vooyxIetq W
peqjedijsuoy semog
pedusyouy .
peseexoeq "
pesgexdoul Jy3teM

(*3u00) SYISTIST PTOXENTNT () SFIAEoY




LT st | 4 T |92 €1 | ¥ 6 [6 ¢ | ¢ e e31g7] enduoy
2 T 0 T 381 PTT o
2 1 0 T UOT30BIYSY PTT 4
Y v 0 Y 9 ¢ 0 € 2 1 0 1 seursyjydoxy selqy
& 62| ¢ Yo | 97 €2 4 174 T 9 £ £ sseutyynd *3TQIO-TIOg
T 2T € 6 8T 6 1 8 S € 4 T YSnTd IsTBH 4
ik 8 | ¢ €z g G2 | 7 2 |9 € |1 4 sseutyyng evsg
8 19 8 €s 7 ez 2 ® 1L 6£| 9 €e TBUION
1€ €¢ g &2 g7 1 2 61 2z 21| € 6 PeIBTIYS
6T o 4 9T 2z 1T r 6 9T 6 b L 8T} TXg STTeN
9 9 T g 2T 9 T g 0 O 0 0 UYSTMOTTOX
Y1 <1 T Y1 Yz 21 1 11 G € 0 € eTed
LL 08 0t oL 29 1€ K4 74 L 6£] 9 €€ WisM
7L 8L o1 89 8 62 2 174 68 67| 8 7 ISTON
06 66 €1 z8 98 €Y K4 6¢ ¢6 26| 6 £y yjooug
€e Gt 9 (4 8 61 b LI 62 91| ¥ AN PTOD &
9z L2 9 1 A/ 74 K4 LT T 9 2 v Liq o
0T OT € L 1 L Z g G € 1 2 e81g0) UG
98 06 Al 88 8L 6¢€ € 9¢ €6 16| 6 A TBWION “
7T ST 4 1T 22 11 € 8 L Y 1 € MOTE ©7quemesol
6 96 ¢T 8 |78 &7 g LE 86 9| Ot 7 TBWION "
6 6 1 8 9T 8 1 L 2 1 0 T MOTS UOT}BIQ8IEY)
8 62 9 €S g7 12 g 91 ¢1T 8 T L 88180y “
L L Z G 2T 9 T G Z I T 0 #OTS yoeedg
% GOL| 9T 68 N 9 i % 95| O 4 sese) JO ‘oN
TB1OL | OTBW | ©TeWed| TBIOL | ©TeW | OT8WS| TB3OL | ©IBK | oTsWe]
SHUSYD TIV dno¥d MAIEN0a dno¥d IALINIINA SNDIS




8 19
ey oY
91T L1
9 9
0 O
z 2
€T 1
7 ¢%
€e ¢t
Gz 92
T 1
1T 2T
18307,

i

oNON—HSMOHWNA I~

o8l

e

443
ct

€1
8¢

T

(AN

oL g€

8T 6
2T 9

C

NRRIFNO
R

CANANAHAHOEAT o

oTsn

oTeue g

L7

Gt

08?&3\“\100
o:‘lw&\Nr—ioowj \8

g ¢

18307

oNnMoOOOoOON

o T8l

N
N

N\
OO\HRNHOO\?[‘

eTeUS I

esxedg smoaqgely

081800

L1g

esxedg

esxeds *p
juesqy ITeH

BUOPL( a
sseutrying SOT}TUAIXY

0> a

6L~0L q
mol u
09> ‘utTu/esng

IeTNPON "

esnNgITd W

WITd u
o1qedied PTOIAYY

eTeuwe |

(*uo0 ) FIUSTIEL PTOIATINT (d) eyeog




o € &Y 92 €1 £ €1} € 0T
Ly L 6L A4 kA 08 ! 9 ee
€T 2 ze LT 9 € 1) 1 ot
) 6 ZL 8¢ 71 9 |7 o
0 0 2 1 T 0 o} o 0
o € o7 | 4 K4 67 L1| 2 ¢1
08 A 89 1€ €T G 81] ¢ €T
L 1 LT 6 € LT 9 0 9
0 0 4 b 0 9 2 1 1
€6 Y1 6L rAs ST LL 2] 9 1
L9 0T 99 qe ST LG o2l 7 91
92 4 L1 6 € LT 9 4 K4
€1 z Ly Gz 6 97 91 ¢z 71
9z ¥ € et L AN T K4
€T 2 L 3 €1 W se| ¥ Te
€L 1T 18 er 1T 6 2€| 9 92
08 Al €8 7 9T 08 8| 4 74
00T ST €6 67 LT 16 2€| L Gz
€L 1t LS ('3 0t s | 9 Gt
4 1 % mmh 8T % S€| L 82

: 81800 X004y ], : I

ws TpToxfyyodLy 3o quemgees] | sSniq prozkusTauy xo| Loiol ! OTBN OTEUS
LAIB3TNY T, uoTjeredg SuTMOTTO] Igcp SUTMOTTO]

L

Sutmox8 peddong
OT13TIg STTeN
£2q uyys
Sutmoxd peddoyg
gso7
£pTaun IT8H
pesgarouy "
pedusyoup -
pessexoe(q Sutjsemg
JUBISIITPUL 4
PTOD « u
10H I0F eousisierd
Lxomep
gseugeeq
egTsey}sesInd
uted juTOL
uted eTosn)
s8euUBOM STOSNK
£3xsyner
S88UpeIT]
910339 Jo weoudsiqg

sese( JO °*ON

SWOLJWES

SutmoTTog Seee) TTy

. WO TUS30I18 Ty

STeATeuy U9TC P WoRdWlg  — T1I XTpusddy




V4 £ ww 7 L1 _mm &l 9 €e sseutyInd
€L 11 9 € €1 o 12| ¢ 9T uotsseadeq
L7 L z7 r A4 8 oy Y1l o 1 £€oUSNOALIS N
€1 4 ©” 1t 4 e L | o L suoT3e3TdTed
L T 6 g Z 6 €| ¢ 1 uted TeuTduy
€1 L Vi 6 ¢ € BI3BYIIOUON
Y b4 T 1 ®BOOULIOUBWOITTO 4
| weoyizouemy
‘ousii-1.80d UoTenlIjsus iy
€1 4 a8 g et 98 Ot | 4 €2 £88USSIBOY
0 0 0 0 0 0 0 0 0 BOOYLIBTQ 4
€€ g oY Yz 1t € €1| ¢ I pejediisucg s1emog
92 7 g € 0 6 €| 0 € peSusyoup
% 7 4 1 0 € 1| 0 1 pesseIoeq
LY L €6 &7 8T 68 €| 4L 72 pesgeIoul y3ToM
L7 L 6€ 12 8 L oeT| Y 6 peSueyoun
124 8 14 8z 0T s 81| ¢ ST peseaIdeq ®
0 0 8 4 0 T 7| o0 4 pesgerout e31geddy
ses o ‘o
% a1 | mww%o.unoammhna 81 9% ¢t | L 8 8D 3 N
ws TpToxfygodLy Jo juemjeel] | eSnxqg prorlypIguy o LBIOL | T8 OTeUWey
<AT81MYTd, | SuwmMotTog eesen [Ty | uoTgexedg wnd»o.m.mo,m H._”m,._.. SutnorTod SHOLAWES




0 0 8 Y Y 0O o 0 0 Usugg I8 el
€9 8 18 ey LT YL 92| ¢ 2 sseutyyngd eosy
v} 6 L7 G2 8 g7 L1| ¢ 71 TeWION
o7 . 9 8& . ST Y € 1T 2 6 POYBTILS
€T 2 o¢ 91 L 92 6| € 9 oT33TIg STTeN
L 1 6 4 € 9 2 0 Z ysSTMOTTex
L8 €1 LT 6 K Tyt € oTed
o7 9 17 11 T 8 ot T 6 WIBM
oY 9 b4 S LT € or Y1| ¢ 11 ISTON 4
€6 71 89 1€ 6 €9 2| ¢ LT qjooug
o 6 6L A LT 2L szl 9 61 PTIOD
o5 6 89 9¢ 6T | 12| ¥ LT L1q
L 1 zY 22 6 L €1l 2 1t 881800 UTS
o7 9 v %4 € s ol ¢ LT TeuIoN “
0 6 99 0e ¢l €7 qt1| ¥ 1T MOTS SHUSWOAOK
€e G Ly T4 6 97 91| =z 71 TewxoN a
9 ot €5 8 6 e 61| ¢ 71 MOTS UOT3BIGEION
19 g 98 oY% €1 Y6 ¢c€| 9 L2 88IB0H g
Lo Ot 89 9€ 6 L | s ez moTg yoeedg
% ST % €9 8T $ ¢¢| 4L 82 SeSe) JO °*ON
stsooxojoxfyy| Tej05{ oTel oTsueg ‘
ws TpToxdy3odAy Jo juewgses]| £3nxq PTOXLYFTIUY IO Iyep SUTMOTION
«£183MYTd, | BuTMOTTO] 8eSe) TTy| UoT}exedp wﬁ,sﬂor_n, SNOIS
A

TS TDTOIAUGO0LY (AX8] MY Tdy, DUB 40 TUGB0IGB1,




99 €| 9 LT
02 A S 9€ 61 L ¢ ¢1| 1 11
- €1 g
a7 9 6L A4 ¢t L 2l 9 22
L T LT 6 € LT 9 g 7
0 0 0 0 0 0 O° 0 0
0 0 0 0 ) 0o o© 0 0
0 0 0 0 0 0 o© 0 0
(4 € /4 12 6 7€ 21} 1 11
L 1 e €1 2 € 11| 1T 01
Ly L 9€ 61 9 L €1l ¢ 0T
92 4 9¢ 61 6 6 01| 2 8
oz € 7 r4 1 £ I 1 0
0 gy Yz 9 % 81| 2 91
o € 43 LT L 8 01} ¢ L
K4 Z Z 0 o 0 0
| 4 1T T g O0T| T 6
0 0 8¢ o L LE €1] € ot
o7 9 ¢8 qy 71 68 €| L Y2
% ¢1 % 34 81 % G€| L 8
: STS00TX030I4Y], 18307 | T8 ©TsWey
ws TpToxdiyjodLy Jo juewgeex]| s3nxg proxfy}fjuy X0 .
- JAreymatd,|Butmoriog sese) T11y| uoTyezedp Sutmoriod Tygy umoTiod

«o5ueg, eTosny
esxedg smoxqedy
681800
L1q 4
esxedg
esxedg® ),
juesqy ITeH
suepe( -
880UTIING ST} TUeIIXy
B8l “

6L-0L u “

69-09 “ “
09> ejnutw/esng

I8TNPON "

esniItd “

WITJ a

eTqedTed PToLiyg
e31wv7 enduoy,
38T PYT &
uoT3O8ILOY PTT
soutsyjydoxy sely
sseurying °3TqIO-TISd

gesB) JO *ON

SNDIS

(*3u00) WETPTOIAYIOULH LAdBT} MLy PUB L0 LUSSOIRBT,




) 717 9g o1 672 - b4 oT+ 99 d | %2
++ T6€° 09 LeT 00¢ 9 = Y2 €9 d 4
++ 656° 89 LT oYL 8= 82 g = 19 d o2
+ 80E* 0 ¢6 262 e 92 2+ 169 | & | 61
++ AN 09 8L€ 11- 2€ oc+ |76 | & | 8T
++ 06 09 0tt oTY 91— 72 €1~ 16 I | %LT
+ 0s€” 9 261 9Ly - 8T ™+ |79 | & | 91

09 181 qLy 8 - ze e+ 99 d q1
29 €1 126 ve= €€ gc+ 99 d | 71
+ T16° 0 71 67 gt o€ 6+ |79 I | €1
oz 8L 1€ Y9 R 2T
622 181 Y¢¢ LE- Y2 7+ 29 d 11T
€ge” ® 01T 6l LT~ 119 LT+ 0 d o1 |
1€e” 9LT G9¢ €2 24 g 6
++ L 99 14 9z~ Y¢e 79 d 8
Ggee* A4 g - -1 g+ 14 d L
89 qgy “6e- L o 8t d1] 9
yeee 99 GLT VAL) 67— 92 €9 g G
++ 9¢ e LT~ Gz ET+ 89 g K4
61" 96 GES 2z Y2 0 gy d €
QL7 0 621 9% 8T~ 2€ €+ 19 d rA
++ 78c° 9Ly - 82 XA (o) d 1
*soes | uTw/egey
SUIT], esTnd 9an 8w |pTey » °qoy ¢ XepuIl [*3M eFsreay| sk
*n*0°ql uoTyogey| Jutdeeg|eusqoren| ToxeseTOYg| . YW gl oT3s0oulde (g 9% edy | xeg | *oN

dnoIy ,DrolAujodAy e3tutied, (e)

S TYES TS0 AUT ATOT510057 J0
g7Tneey pus 8BQ TBOTUTTH =— AT XTpueddy




-—1.

++ ,ﬁ 9 121 899 (4 G+ 6| & |8y
9L 09T 91— 92 o+ €| & |
- gz 9¢- (V'3 97 | W |9
++ | 61" 29 2ls 1€~ o¢ LT+ L9 | & | &Y
++ T¢ee’ ey L= 61 9T+ L7 n\|
*+oL0eet 8 L5 92€ E- 81 7+ k| a|er
F 10€° 9Ly ot 8T+ £ 4|y
++ 91€° g7 16: L82 = 1€ g - 117 W | T7
++ 2L gL oLE 9= 6 oc+ 9¢ d | o7
99¢e” LTY Tt 11~ oL | & 1| 6¢
++ ® it 0s€ 6= 82 g€e+ 1€ W | 8¢
6ce’ g¥7e € o I | LE
F 6Lc* 2L 6L ave WACH Ve 7T+ o7 W | 9€
o E2T° 9 Y9¢ - L T+ g | 4| ¢¢€
ave* 08 €1- 91 11~ ¢7 | & |«¥¢
z6e o 9T+ 7 I | €€
63¢c’ 29 09€ €= €z 21~ 9¥% d | ee
9¢ (T 14 I | 1€
zee” LLT Lre Yz FA o g | | 0E
gree 09 L6 444 81~ 1€ s | 6
- gvee 89 £ce - €€ gy 4| 8
+ 997° 99 89 1€ G - 82 e+ g9 | a| L
eT?7* G0t 80€ L= €2 1- YLl W92
+ evee 79 ooz 91- Vre 6 - (Y4 n| e
T 9ce” 9 L3I 009 = e 7+ 65 | & |7
90€* 99 €6 79¢€ 8 - ce €+ 08| d|€2

*s0eg ﬂﬁa\mpm.m :

ewty| esmd| ¢3n gau  |prey % °qoy %| xepul |°3p o3exeay

*n*n* g uoT1o8ey | SurdesTg|eusjors o Toro189TOY D *y* N gi{oTysouderq 9 edy| xeg|®oN

(*3u00)




*aVa POUJSH = PeuTTIopun senTsa *Y°W'H
ST3TPTOIAYYG € OJ0WIYSBH ¢

} oo¥ A 6t 62 4| 96
T1€ 61 6= €L n| 7e
ée 29€ 0T~ LT g7 | 4| €4
++ 81€e* K4 6T 917 “0c- 49 0 s 1 A
761 L7e Gl 82 T+ 29 | & | 16
++ | gre” 99 a7 gee L7= 74 91~ H | &) 0§
++ el 944 ves 92 se+ gr | 1| év
*soeg |uTu/egey

eumyyl esmd| ¢ ¢3m  |pTey ® *qoy ¢| Xepul [3M ©3sieAy

*n*g* g uoTosey| BurdesTg|eusroxrq| Tox0388TOY D *4*W*g|oTy80ulelq 9% o3y | xeg| ‘o

(*3u00)




00€ b ot 6+ |96 | & hese
- G - Mw % (T
T T cT+ d I4
Gee |mdn| g7 | I 672
ere’ 091 L1 ¥9 | & |s€¢
92 Z + L | WiYee
F €6 98¢ 8T G = |97 | &|€€e
8ce’ 61 6c | g |2z
_ €61 Y9 | & | 1€2
¥ 9% 005 9 - L | 4|0z
LIE 9T+ 79 | 4622
LEY 81~ e+ e | & |82
14 €1~ 6 | 4.2
00¢ FAS 0 | I|92e
807 LT 9 | & |gee
292 L2 € + €9 | d |72
++ LAV 81~ 1€ ¢ - |69 | I|Ez
F 099 0c= %4 19 | &}eee
++ o7z 62 69 | & |Tee
++ 6LE 62 79 | & |02
++ Tee e - o KL% 89 | 46T
++ 79 goe €e- 8T o+ Qs | 4 |8T¢e
°*soes |utu/ejey

p euwty| -esTnd| %3n ¢3uw  pTey % *qoy| Xepul [3M ©3elony ik

*H*)* Z|uotyoeey|Sutdesg|euejorsy| TozelseToYn| 4 *U°N°d | OTesoudeiq 9 edy |xeg| *oNn

TPTOIAUJ00AY SHOTAGO U3 IM 60560 6030 (4)

BUSTIEST350AUL A10F6X008] JO
gymeey pue eyeq TeITUTTD — KT XTpueddy




..q.. 'POUISH = PeUTTIepUn Benyea Y A'd
STYTPTOXLY} ©,090WTYSEH x

(0.4 e~ 8 + 92 | W 4682
82+ e | 4|88
0+ 0| I|4L482
6T 26 | &4)982

e 67 g *‘.Nmm

2117 0z~ 7+ 05 | I £Se

*80e8 | utu/eqey
euwty| esTnd| % 43m  |pTey % °qoy| Xepul [3M edereay
*n*0° 5| uoTqosey| JutdesTp [eusgoasy| TOIO3EETOYD| ¢ *U°W'd |OT4soudetq % o3y| xog *oN




++ 6] 96 yie1% 0t— Yz 7+ 6 | J |6l
+ 8L 942 - 92 9t+ 0| 4| 8L
i 867° 79 v8 1€ g + 61 9| I |xll
qve* qqY - L 9z | & | 9L
T9¢€ 92 97 | a4 | L
++ oz 89 622 9% - ot e+ yoar YL
7L2* 9= L Ly & €L
L6z 862 €1~ 61 T2+ 99 | 4| ¢4
g62° 08 Yé6e 6= Yz o8+ €ee| 4| 1L
F FA Gey 81~ 43 ot- |29 | &| oL
++ i€’ 89 T4 ge- €1 €+ | &l 69
gre’ e Ay 67 | W| 89
982° 06 892 LT 8 | W| L9
: o9 ges 6+ G2 OT+ 9¢ | &| 99
el g €T~ Tt el 4| 99
++ A 99 gr¢e €1- 8T L+ 2s | & ix'9
++ ) A 7 LT 2e8 L= LT € - €G | I €9
ege €6 Le t1- 81 S| & |x9
- 62" 00t €1 9| 4| O
+ £z- o¢ 0T+ WwW| "l o
Gee”’ (0°] T1T 9TY 9Z= 61 e o7 | & | 69
(o1 601 8L ZT- L2 21- |67 &| 8¢
- 60¢° 89 71- e GE+ G7 | d |%lS
qovr* Y9 0T 02 G - 1€ 89+ g7l &t 99
*800g | utWw/e%ey

eutyl esTng| ¢dn 3u  |ptey 7 °*qoy| xepul  {3M ©3eioAy stk

*D*D* ¥ |uoTyoeey| JurdesaTs [euejorey |ToxeyseTon| ¢ ‘¥ H*d |OTySoudeIq % edy| xeg| *ON

dnoxy ,pToxdyjodLy Tnziqnod, (o)

BUGTIeSTHEOAUT AI07B8I008] JO
sjpmeey pPue ®1eQ TEOTUTT) - .KI XTpueddy




*aVu DOYIOH = peutyIopun senter *¥'W°g
ST TPTOIAY] §,030WTyYSBH,,

: 9¢ 174 6= 97| d&]|00T
++ To7° €€t €61 £ - T4 6+ ve| &| 66
68c° 997 €T~ €z 0| & 86
60¢c* 0LS 0t Q9| &| L6
Yee 887 61 G711 4| 96
o7€ A1 05| W| 66
++ oce*” (049 Z - 8 ! W| 76
+ e’ 0zg = L 05 | d|x€6
60¢ 72 9| &| 26
To0E*® AV 7 - 0 L= |6L| & | 16
+ 962° 85 €0 L= 61 L+ 9 I | 06
60c* 2L a7t 899 ACE (074 €T+ 69 | W |%68
To0€E”® 09 &2) 9TE € - €2 2 6| I %88
++ T0€* 99 99 =7 Z = A 8+ GG | d |%48
++ Lez® 09 08 €0¢ 6Ll g 76| & |%98
+ gee*t 99 L7 o7e Ge= 9€ €1~ |79 | & | ¢8
F q9c* gy 2T L2y Ge— 91 81~ gs | 4| 78
++ 89 062 Yis 62 rA Rl €9 W} €8
++ 162 g9 701 €£0E Ze= 81 6+ gt | 4| 28
++ 79 €T 09e % 03 € - L | &) 18
++ 99 0E1 z79 55 Gz 0T+ 9¢ | & | 08
‘8068 |uTW/el6y

eWTL| esTng| ¢ g8u  |ptey % *qoy| Xepul [3M eSeIeAy

|°D°0°F [uoTyo8ey SutdeeTg|euejoren|Toregsetoyn| ¢ *¥U°W'd |oTs0ulsIq % o3y| xeg| *oN

A.Pﬂocv oI5 Dt 70050 1 -



ST3TPTOLLY] S ,030UTYSBY,,

00¢ 61~ o7 | all82
172 06€ 8 | I |552
€0€ vas 8 | &8z
662 8T~ 9¢ | & L2
882 8 - g | Wj9¥e
9¢~ LT+ ¢c | Wyjeve
oLz 9LZ G | WYz
92 s | &) €72
Yee* Yze 9T gz | 4|2
Yiz* 052 91 | W} 17
oo? 12 Gq | & O7e
gce ¢t LS | & 6ES
zoe* 982 92 8T+ ge | 4| 8€ee
- 8¢ LT 9T~ |77 | 4| Le2
++ e* €LE Yz e | d|9¢€e
*soes |uTl/egey
SuT] esnd| ¢8n 9su PIoY. ® °qoy| xepul PiM ©Seieay m%h
D°0°H |uotpoeey| JurdeeTg)|eusjorsg|Toressetoq| ¥ *U°W'd |oTysoudeiq % 85y |xeg) *oN

SUSTIES TISOAU] Ad0F61008"] JO
s3neey pus Bjeq TEOTUTTH —— AT xTpueddy




(YrA 2L 6LT QcF 11~ g7 | & (€T
Lre® g7 181 - 9 g | 4 et
8c° 861 7 - 8 | & |11
rree 29 7 gee T oT- e | & |®T
9ge° 2L 65 961 o K 79| & |611
79z° 2L 82 GLT oEF €1~ g7 | 4 |s811
0z 8 ir4 &F 21~ 79| & |LTT
(T 0 81 L= 77| & 1911
6e° 02} z82 6+ Z - oL | & |9TT
g9z* 9T LT+ L - L 4 (7t
9 P4 gee e 0 ge | I €11
€ge”’ 08 AL “ o7 | d|eTt
A TA £1€ Y - e | & |T1T
€9z 96 €oe L+ oT- Qg | 4 |0TT
€Le” 671 9T7 C + p T9 | & |60T
tANA € 89 | 4 801
gee” 9L 9% 961 K1 1 ¢ | W |LOT
6Lz® 99¢ G+ G - €9 | & |90T
L6z 82 zee G = & | & {901
LTS® 09 9¢T €92 A 6 - | &0t
VA Ly z8e o1~ 6 | I |€0T
9gge” 86 ro XA 9T+ - 26 | & izot
9L 742 Y - g7 | & 101
*8088 | uTW/ejey :

euTy esng| ¢dn 98u PTOY % °qoy| xepul a1l

uoT}oey | Surdeetg |suejoasy (ToxelEeTOYN % *M°K'g oTysouds (| 3y} Xeg| °oN

dnoxp Proxkymng Tnzanods (0)

EUSTIES TICoAUT KIoTeYoqaET 10
83TnSey pus sleq TEOTUTID — AT XTpueddy




9¢2° 88 zze _© 2z 2 | & |t
T22° €2 L+ 1- Y7o & |9%1
qlLE® 08 Y zee M- I~ €¢I |g71
8Le® 89 08T L - 9 L | &t
T 9 Y6 6cy g+ 2 YLl WETT
g%z* 00T ®e o1— r 67 | W |27
G92* T4 =2 ot1- 2| R\t
et 16 9g2 = G - 27 | & {o7T
gee* 09 9L z€e i 8 8 | W |6ET
L2 99 G e T+ L= G9 | & |8ET
VA (o5} .9 aYe K4 7 | 4 |LET
L92* 992 6 - 29 | 4 |9¢T
To0E”’ 89 LST I+ r 29 | & l6¢€1
192° LE ooz By P ol | I |71
T 8L Ly et G+ L 06 | & |E€T
992° 16 L82 (35 9 - 8 | d |2€T
1%e° 99 o7 8l B LT- €c | I |1eT
79 €¢ 681 T € - 9| & |0t
G9c° 94 €11 1199 Ti— 0 79 | 4 |61
Lt 9 62 eee 9 = 1 99 | 4 |81
99 Gz L = 9 g | d (T
lee* 08 21t L1e ST+ L g | 4 |92T
9 (XA 29¢ B - ot €g | & (921
08 0L e+ 6 eg | & |Ye
*goes ﬂ.ma\mu.mm :

eut], esng oBn 9Bu pPTey B °*qoy| xepul

uotgoeey | Surdeets | euenoxsn|ToregseToyy | ¢ *U°W'd |oT3e0uSeIiq| e3y|Xeg|*oN

(*3u02)




,. T

‘wVa POUYISH = poutgrepun senyes *U W'

ST9TPTOIAY] ©,0OUTUEBH «

2L ot G - T o7 | & |06
9z° 0L T4 9T 8 = 0 0 | W|67T
o 052 € g7 | 4971
‘8006 | uTW/eg8Y
OuT] esnd %an ¥3m PTey #» °qoy| xepul N
uoTqoBey | ButdesTg | euejoxry|Torea8eTOYD 9 *Y°H°g |oTyeoudet(q|edy| xeg| *oN

(°guoo) dnoxy  pTordyphy TRFANOdy (O)



L°T 0°66 0°L1 0°0¢ 6 e
£5°0 L°L8 £°9¢ 0°G€ r4 €2
9°% L°8g €1 9°2T 4 *22
£€9°0 0°0L 0*%e o%ee € e
-99°0| Y°¢g 2*92 L*9 € oc
0°1 9°¢9 6°91 G°9e et 61
o [ 4 9%7°g - 1 81
0°t 1°L9 10 8L 1 x LT
£0°0 266 o2 o1 91
Ge*1 £°6L 81 ARES G°6 ST
L°16 : QY 71

‘0| Y°e28 8°0T z gy 9°¢g €1
mmd..o LYL Gl ' 8e 8 44
IgT0 7°18 L*72 9Tse 9 11
G°1 G°8g G°8 o°Le G°TT 0t
0°9¢ L 6

: 2 8

6°1 Z2°6L 7°91 9°ce L

1°2 9°¢8 G°91 g7z 8 9

£°89 6 g

VAL 9°08 9°GT VAR VA 8 4
0°z 799 8°LT 12 €
Z r

80| L'TL LT o°%e A4 R 4 1

1Ly | 82UGY-0 | BIUGY~Y2 | BAUTZ-8/y | LWELST/UTW/TW| °SIy g7 I0 ¥
. eeop ¢ e0usIBeT) egop &

gndgng eutxp *A°I| ede3dn pusTd | *oN




*STATPTOIAYL ©,030WTUSBH«
*potxed STy3 uo peseq

. -, XOpUT I, PUB SUOT}0e[[00 AIsUTIn JInoy ¥z-g ©380TPUT Peur[Iepun Sentep

T | L°99 L°91 g 7e 4 mL
KA 2oL G°9T 8 6C €L - g 7s
7T | %°¢9 L°6 YAY "4 g €9
¢t £°18 T°0e | Q4 81 #2G
1Ly | BIUGY-0 |8IUGY-VE | BIYTS-8/9 | UWEL®T/uTu/TU | 81y g7 I0 72
) esop 9 e0UBIBOTY esop ¢
andqng eutrg *A*I| eve3dn pPueTdh| °*ON

("quoo) dnoxp proikyzodiy eyTuTIed, ()



XSpUT ,I, PUB SUOT}OOT[00 AIBULIN Inoy ¥z—9 8380

*ST3TPTOIAY] S,030WTYSBHx

*potrred sTy; uwo pessq
TPUT POUTTIOPUN SOnTsA

70 | L€l | eten T 1 682 |
9970 Z°sL 9° 6°9¢ 2 82
£€°G + ot %792
o'T 2 ] AFA v 62 »£92
€1 PRATA
87 el 09 *162
1°9e+ Gt %0592
€1°e 0%e8 0°0T 062 LT %672
L°0 9°8L 9°9T T1°0¢ 8 qgee
1t Y7¢e
Y LL €1 €ee
19°0 Q8L A T97 9 1€
70 9°8L 0*ae 77 P 0ce
£9°0 L6y 9°8 0'e7 P 6ce
20 G LL AT M g 822
990 ALY 9°: 679¢ ’ [ 9z¢e
GZ'0 6°¢b 0°61 79 1 Gez
£a°0 | 6°¢8 6°81 i L Y2z
vz g €ee
L°8T Z zee
z'ee € oze
70 8°2¢ Loze Lv7e T°cT- 9 612
oTT G°18 6°8 gv0e 11~ 1T 812
1l |8IUgY-0 | sIUgy-Yz | sau7z-g/g | ,WEL T /uTu/TW | s8Iy g7 10 72
v esop ¢ Y edousIseT) esop 9
qndano eutap *pA°1 | eerdpn pueTH| *ON

T TP TOXAY}0dAY EROTACO Ujth 66680 10030 (4).




7°¢s 9°ct £°91 61 8L
1°L9 g*ot 1°2¢e 2€ | bl
A 1 9L
. 11 SL
6°68 7°81 g°ce 0 Y.
1°¢el 8°0T A 74 12 €L
€°0L G°81 8 17 LT 2l
9°es 0*71 T 98°8 - 8 1L
7°79 L€t Tve 89°¢ - 6 oL
6L 8°61 FAd %4 AL Y 69
4T 89
0°1¢ 22 15
2°€9 0°€T 9°82 99
0°29 971 8°92 z°8 G9
0°1L oY1 9v6E 0*Y €2 *79
8%y 9°81 6°62 VAl €9
€°89 2°sT AT Gt *#29
0°LS 7y [ %4 71 1)
T°L8 0°LT vt L°g - 9 09
1°L38 891 6°gE 2 65
0°99 002 [l (o] 8¢
2°sq €21 (=14 71 *1S
6*03 9°4LT 2 o7 8 9 |
SIUGr=7e | SIYTS-8/9 | JUEL T/UTW/TW| say g7 Io 7¢
esop % e0uBiBgoT) esop 9
pndyng eutzn exeydy pueTn | *oN

dnoxp  proxdyjodiy TnFiqnody (°)




*ST3TPTOXAY], S,030WTIYSTBHx

. *porxed STY] uo peseq
. vau.m 11y PUe SUOTL0OTIO0 AIBULIN JInoy ¥Z=9 ©380TPUT peutrfIiepun senysp

971 2°€9 GeT &' 6 00T

i 8°0 €°/9 291 rege 66
Q7 L G659 G°TL 8°Ce 1°8t € - 86
o1 1°LL L°€T 73 €1 L6
9L"0 €2 €°LT g LE 81 €é
TG 0 £ 712 e 8 q6
Y1 0° 1L 9°1T 7 3 gy - L 6
67 %€ 6

r4 26

%6°0 9°.8 6°9 BT 2 12 16
€T Lzl G°ET 0°1€ qT 06
o't gegr 0°0T L°G2 oz %68
ey oLy 0°9 £°1 . | =88
8 L 2L 1°6 ¢ k=74 9°6¢ 1€ *L8

: a7 ¥98
1.9°1T 6°88 6°2T 8°T¢ Gt 2]
{¥z°0 €°19 8°91 L°8E L Y8
[1oads] 0°6¢ FARIN ) o't G20 G £8
£°z 028 G°L 6°G2 Y z8
G°ge 6 18

. LT 08
6°T | $°99 9°1t ez 1€ *oL

1ls |SIugyeo | sxugy-vy | 8IU7Z-8/9 | JWEL®T/uTH/TW | Sy g7 I0 Y2
-980p 9 8oUBIBeT) esop ¢
gndynQ eutipn *A°I | edeqdp pusTd | “ON

(*quoo) Tnoxn LPTOIAUTodAH TNF3qnod, (°)



*ST3TPTOXAY]F S,030UTUSBHx

*potxed sy} uo vmmap.
X8put ,J, PuB SUOT}06TT00 AIgUTIN Inoy 72-9 e3807TpuT peurrepun Sents A

oTpsoudeTp Te}TuT SuTquesead seseo pToxfyjrodiy xeyso (P)

F61pn)g OUTPO] GATROBOLIPRY JO S} mEey — j XTpueddy

L*e 6'6 G *99+ .29 lwl&e
Oc | 7°cL 8°9 0L o . w982
4 %962
2E0 | T'98 781 [x%9 2 Lz
8T | S°cs 0°82 et b 97e
9'T | €*7¢ 8°61 43 2T q7e
0°T + 11 e
70'T | 0°%6 0°01 o077 78 - 4 €7z
G0 6°96 0°¢€z 0°67 7 e
FAN A rAVAR 61 72
AN a7z
Tt 6z
g% - (A 8ee
[ 0°08 £°0T gv8c 9%t = k4 Lee
: € 9¢2
1y [SIUGY-0 | SaUGY-Te | SIUYZ=8/9 | JUEL T/UTH/TU | SIy g7 I0 g
esop ¢ e0uBIBET) esop ¢ A
pndyng eutIq *A°I | eeydn pusih| *OoN
A TOTIITP




et L°€9 8°L I® €Y 3t
£z | 6°0¢ 99 B 4 14 23

. 9¢ et
L*Y oM Y4 Q'L A 8 (0543

L2 611

™ 8Tl

0.4 LTT

8%9 ALY G°1 £°01 LS 911

29 eTT

A 9°09 L9 e G99 FARS

L €11

0] 21T

) KA 6°24 8°6 3'%e 8¢ 11t

g9 0Tt

Y9°0 0*%¢ GG 0'9¢ 13 601

L' g 8y '8 LULT 0t 801

Gy L°TY 0°2T 0Gc g€ 40T

AN o 90T

L9 9°cy €°1 6°0T1 L GQ1

o1 Yot

L7 £0T

8'c L°GS 6%y 0°0e PAS 20T

0°2 7°99 £°¢ T 7 10T

1l [SIY g7=-0| sxy g7-72 | 8y Yz-8/9 | say gy xo Yz
egop ¢ esop ¢
qndgnQ eutwip exeqdn pusTH | *ON

dnoxy ,PTOILYINE TRIsqnod, (o)

goTpngg oULPO] OATIO8O

TPey JO ej[ueey — ) X(pueddy




8¢

(A Ak 9°0L KAd° kAl 19

1) G L2 LT 8°6 79

Xe 7°LE 8°2 BT 7

£°g 6°gy 6°0 0°6 Ys

€°0T k£

€°61 62

A 4 L°8S 0°¢ 7°61 Yz

G6°c G 05 0y G°eT oY

A4 6°09 8°L 9°1e 6c

(2449 L°0 o°¢ MM

o4 0° 1Y 71 3L w.m

7T €°99 9°¢ FAr4% 19

G°L 8 9°1 L6 e

£°2 6*7¢ Sl 8"1c A

67

4

3 0*v¢ £°¢ LT T4

T | o 8%9 9ot U

T°¢T K6

Gy 0°gs T1°¢ 1°9T el

€z $°9L 6°g VA £ j ¢4
1l [Baq gy=0 | 8ay 877z | 8xy Yz-8/9 | say g7 xo ¥z
esop 9 v esop %

andgng eutnip

e3sqdn puesTn

2e1
€T
0ET
6T
821
T
921
G2t
21

.oz

(*guoo) dnoapn pPTOIAYINF Tu33qnod, (°)




*potaed sTy3 uo pessq XOPUT I,
Pus SUOTROOTIO0 AIBUTIN INOY YZ-9 ©380TPUT POUTTISPUN SenTsA

.76 17 2°1 R %m
AT %9 €°g 282 £y
Iy | 819 g7-0 | say g7-¥z | say 7z-g/9 | say g7 x0 7z
esop ¢ ; esop 9
gndang eugIn

exeadn PUsTH |

05T |
671
871

.oz

(*3uod) doIDH LDTOIAYINE TNIqno0 (°)




u €0°0 8°¢ € 86T |
“ ®Om. h.w.v ) @ b@._..
. 792 0 01T~ o€ | 96T
u Y1°0 1°0T oc G61
% a7°o £°q - ot 761
“ sy L0°0 LoL - 2z €61
u 87¢ ¥0%0 0°¢ + 2z 681
a ore* 87¢ S + €0°0 ¥+01- T L81
u 60°0 L°OT- € 98T
“ oee” 862 £e- 08T
“ 80t 6L
a oze*® qre 9g- 9LT
4 go9c* 1.8 Gg- 02°0 a4 9 2Lt
u . Y¥2'0 9°8 12 oLT
4 gre* 917 691
a 8z’ 90Y7 oc- 891
“ oee * o1e 210 L1~ 1 €91
“ €1e” 6ey Ge~ 1.
" gree LG2 210 G°9- ¥4 65T
u gre* 0% € + 181
u G9°0 g8°ee 4 el
« 97¢* (044 17°0 L8°y- 4 €51
uosstwer oy |- 8LE 81°0 °L oT | 16T
*goos 93 *I/esop gl mg, T/uTn/Tu | esop 9
ssexSoxg oWy} Toze3887T0UQ | PTEY % UOSYIeqoy | Iycr8d eousXgoT) | exwydy | eS8y
© | uotomey ; % YW Iygy *A°I| PUSTYH v
[ RS goTpny1 g Itc 1

Xdexeyg, Tict BUTMOLOd (B)

Sm«vﬁonhﬁomww 9Tuedoi}s] UT mﬂoﬁpmmﬂpmgﬁ Jo sjnsey -- TAp XTpueddy



“ TLe* 0LE (A%
M q1E” 182 €1~ .
“ et 6°1¢ 1€
“ g6°0 0°gt 9%
“ 981 £€2°0 oLt 44
*sTwex opmw@ﬁoo &7°0 1°9T vz
“ 11°0 9°71 72
# 0 0°7T 6
4 . 89°0 9°82 92
4 A A 06¢
F 8ce” Tee 0
“ gre” 29°0 AN 72
u 98¢
a 0c°0 017 89
“ 662’ € - G9°0 A7 16
@ 66°0 0°g7 6e
" Lsz* €1 60°0 T€°e g
‘STUeI TeTiIsd 92° 98¢ 1-
UOTESTWOI O ‘ €2°0 69 €1
*soes 93u ) . |"1/es0p ¢ Nam\....ﬁ\c.ms\.ms esop 9
ssex3oxg SuT]| TOIe1seToY) | PTeY % UosiIeqoy Ipeq8d ~ edousxgeT) | e3esdp
- | voT}.08OY % *g°'Wd | ayg? AT | PusTH

SSTONIE Ipep

("guoo) Ldexeyy, H.Hm._.. ButmoTTod () )




wwN” Qo2 €12
€LE £2°0 8%y ot 112
. 0 16~ 012
ELE 90°0 YL 1 4 602
97e 302
gee” 6e” €1~ Loz
6ec” 80°0 4 s
7e* 71€ Ge- L oz
Y6z Yee G - €02
Yee 102
*soos 4B

- *1/e80p ¢ | JUE,*T/UTH/TH | esop 9
3 Mﬁiﬁonoﬁﬂoé PTey 3 uosyIeqoy Tre ad e ooteigoTo | oxend) | eeg

T308ey % *u'w'd e p'7 | pusTo

seTPnig Itet

AwoyoepTorAy}~480d (q)

Em.%.mo..n po H OTussol8] UT SUOTIBSTES8AUT JO spIusey -—— H> XTpueddy



