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INTRODUCTION

The work described in this thesis has been carried
out in Sheffield as a member of a team of physicians,
physicists, and radiotherapists who together have been
developing and using techniques for the application of
radioactive lodine to the diagnosis and treatment of
thyroid disease, and Ior the elucidatlion of various problems
connected with normal and abnormal thyroid physiology, and
wiﬁh the pharmacology of iodine.

This work has been carried out under the overall
supervision of Prof. E. J. Wayne, Professor of Pharmacology
and Therapeutics in the University of Sheffield. Mr. G.

W. Blomfield, Medical Director of the Sheffleld Natlonal
Centre for Radlotherapy, has shared the responsibility for
the therapeutic applications of the isotope.

The technical and physical aspects have beén carpried
out by Dr. H. Miller, Chief Physicist, Sheffleld National
Centre for Radiotherapy, wilth the assistance of Mr. J. C.
Jones, and co-operation with them has been exceédingly close
at all stages of the study, and to them is due the credit
for the development of some of the physical techniques that
have been used to enable this study to be made.

I have been responsible, under the guidance of Prof.

E. J. Wayne, for the selection of patients, and the clinical

application and interpretation of the results of the use



of radioactive lodine, both in the diagnostic and in the
therapeutic fields. In this work I initially was working
in co-operation with Dr. J. F. Goodwin from May, 1948 to
September 1949, and from June 1950, to June 1951, the
clinical aspects wére studied with the assistance of Dr.
G. Ansell.

The selection, study, and assessment of all patients
on whom the tests have been performed, and of all patients
treéted with the 1lsotope, has been chiefly my responsibility,
and the long term study of all patients treated, and of most
patients investigated, has been by me at the Endocrine Clinic
of sheffield Royal Infirmary, which I conduct on behalf of
Prof. E. J. Wayne.

At various times, communications and demonstrations of
aspects of this work have been made to Sectidns of the Royal
Society of Medicine, the British Institute of Radiology, the
Medical Research Soclety, the British Pharmacological Soclety,
and to the Oxford Isotope Teghnigues Conference held 1in July
1951, under the auspices of the Atomic Energy Research
Establishment, Harwell.

Some of the work described in this thesis has been, or
is being, published in the following papers, either by myself
or Jointly with the above mentioned éollaborators:

(1). Macgregor, A.G.

Radiocactive ilodine in the diagnosis of thyrotoxicosis.
Brit. J. Radlol. 1950, 23,550.

(2). Macgregor, A.G.
The use of radioactive lodine in the diagnosis and
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and treatment of thyroid disease..
North Wing (Journal of Sheffield University
Medical School) 1950.3.19.

(3). Goodwin, J.F., Macgregor, A.G., Miller, H.,
and Wayne, E.J.
The use of radioactive 1odine 1n the assessment
of thyroid function.
Quart. J. Med. In press.

(4). Blomfield, G.W., Jones, J.C., Macgregor, A.G.,
Milier, H., and Wayne, E.J.
The treatment of thyrotoxicosis with radioactive
lodine.
1. Brit. Med. J. 2,373,.01951.
2. Symposium of Oxford Isotope Techniques Conference,

1951, H.M.Btationery Office. In press,
(). Ansell, G., Macgregor, A.G., Miller, H., and
: Wayne, E.J.

The value of estimations of plasma radioactive
iodine as an index of thyrotoxicosis.

Symposium of Oxford Isotope Techniques Conference,
195¢. H.M.Statlonery Office. In press.

I should like to take this opportunity to express my
gratitude and indebtedness to Prof. E. J. Wayne for permitting
me to carry out this work, and for his general guldance and
advice during the conduct of the study.

I wish also ﬁo thank Dr. H. Miller for his kindness and
close co-operation throughout this study of thyroid function
in health and disease, for without the help of himself and of
his technical assistants, the difficultlies inherent in the
application of radiocactive lsotopes to the clinical problems
of thyrold disease would have been most formidable.

Filnally, I wish to express thanks and apprecilation to
my wife for her long-suffering patience, understanding and
help during the course of this work, and the writing of

this thesis.



SECTION I
THE PHYSICAL BASIS OF ISOTOPE STUDIES

The chemlcal proverties of an element depend upon the
number of units of vositive charge, or protons that afe present
in the nucleus of the atom. This number is the atomie number
of the element, but the nucleus of each atom contains, as well
as the protons, a certain number of neutrons. The atomic
wight of an element 1s constituted by the sum of the neutrons
and protons. Physlcal investigation of the elements has
shown that some of them exist in forms of different welght,
although possessing the same atomic number and identical
chemical qualities, and such similar forms are termed lsotopes.
Some isotopes are stable, these belng the common form of the
element, but others are unstable, and these are termed
radloactive as they emit radiation of various types, termed
alpha, beta or gamma according to the physlcal characteristics
of that radiaﬁion.' There are few naturally occurring radio-
active elements, such as radium, but radiocactivity can be
induced in most common elements by the bombardment methods of
modern nuclear physics. Each radloactive isotope has its own
physical characteristics, and can be readily distinguished by
its own rate of radiocactive decay and by the type of radiation
produced. But whatever its physical characteristics, it
behaves chemically in a fashion identical with the original
element. A minute dose of such an isotope can therefore

be administered to an animal or man, and its absorption and
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subsequent metabollc fate followed by physical methods.
It can, moreover, be safely assumed that the behaviour
of the stable form of the element is the same as that of
the atoms that have been "labelled" with the radioactive
isotope. At the same time, the radiocactivity of suitable
isotopes is so short lived that the dose of radlation to the
living tissues into which it is introduced 1s negligible.
Ordinary lodine, whose atomic numbsr is 53 has an atomic
weight of 127, but one of its isotopes has 4 additional
neutrons in 1its nucleus, and has therefore an atomic weight
of 131; this isotope is unstabie and, accordingly, radio-
active. This is the isotope I 131, now commonly used 1in
studlies of thyrold function, as 1t behaves chemically
precisely as does lodine, I 127, itself. The disintegration
df the isotope is due to the discharge of beta particles, or
electrons, from the nucleus, which ralses the poesitive charge
on the nucleus to 54 protons, and the electrons surrounding
the nucleus then rearrange themselves. The energy expended
in the nuclear change is emitted as gamma radiation, a form of
X~-Rays. The beta radiation travels about 2.2 mm. only 1ln
tlssue but it 1s used to measure the presence of the isotope
in fluid samples - urine and blood, whereas the more
penetrating gamma radiation is used to’detect the isotope
in the thyroid gland when a Gelger counter is placed above
the patient's necxk. After the lsotope has disintegrated

it no longer behaves as does lodine, as in the process of
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disintegration, it acquires the additional proton on its
nucleus and becomes, in fact, anothér element, xenon.

The instrument at present used to detect the presence
of a glven radioactive isotope 18 a Geiger Counter, a
sensitive device that records the lonisation produced each
time radiation from a decaying atom of the isotope strikes
the counter, Speclal electronic scaling circults are used
to count the number of such disintegrations, a number
proportional to the amount of the i1sotope present. Sueh
Geiger counters vary in their sensitivity, and their
collimation, according to thelr particular deslign and
physical characteristics. Some are desligned to count fluid
samples, some to count radiations emitted froman isotope
in a particular organ, and others are so designed that the
area from which ionisations are counted 1s strictly limited
so that the precise location of the isotope may be defined.

Soon after radiocactive isotopes of ilodine became
avallable they were applied to the investigation of thyroid
physiology, and subsequently have been widely used in the
study and treatment of disease of the thyroid gland. The
first investigations were made with I 128 by Hertz, Roberts,
and Evans, (1938) but its short half 1life of only 25 minutes
limited its use. Hamilton and Soley, (1939) used I 131,
with a half 1ife of eight days, and this has now become
the standard agent used to stddy the pharmacological

properties of lodine, the physiological role of the thyroid

gland in human metabolism, and its behaviour when affected



by disease.
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SECTION II

THE PHYSIOLOGICAL PRINCIPLES OF THE USE OF RADIQACTIVE IODINE

It 1s fortunate from the pq}nt of view of lnvestigators
with radloactive 1odlne that the thyrold gland 1s the most
readlly accessible and easily locallised of all endocrine
glands, for all observatlons upon it are correspondlingly
more easily performed thaﬁ would be the case 1f 1t were
situated as deeply as, for example, the suprarenal glands.

It has long been known that the gland 1s intimately
concerned with the metabolism of lodine, and, although 1t
weighs only about 0.05 per cent. of the total body welght,
it contains over 20 per cent. of the iodine present in the
whole body. (Best and Taylor, 1945). With radioactive
lodine it has become possible to investigate the way 1in
which the gland deals with any lodine presented to it by
the circulation. The active principle of the thyroid
hormone, thyroxine, contains lodine 1ln 1ts molecular structure.
Much of the effort of the gland is directed towards intro-
ducing inorganic iodide, reaching it in the blood stream, into
the benzene nucleus and thus producing thyroxine, which it then
combines with a complex protein molecule to give thyroglobulin.
The various steps of this process can be followed with the
lgsotope and the speed with which they are accomplished, and
the amount of the finished produet, can be measured and used

as an index to the grade of thyroid activity.

When radioactive lodine is administered, whether orally
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or intravenously, a large part of the dose is collected by
~the thyroid gland, which has the capacity of concentraiting
inorganic ioulne wo 10,000 uiues the blood level of
circulating iodine, (Hamilton, 1942). That partof the
iodine which does not enter the thyrold gland is excreted
by the kidneys at a rate which, in the absence of renal
disease, is fairly constant, and which depends upon the
concentration of circulating ilodine. In some cases the
radioactive i1odine collected in the thyrold gland and
excreted in the urine only accounts for 85 to 90 per cent
of the total dose administered: the remainder 1s mainly
distributed throughout other body tissues, some 18
excreted in the faeces, expired air, and sweat, (Kelsey,
Haines, and Keating, 1949). There is, therefore, a
constant state of competition between the thyroid gland
and the kidneys to collect circulating iodine and any
increase or decrease in thyroid activity is reflected in

diminished or increased amounts excreted in the urine.

It is accordingly possible, by a study of the blood,
urine, and thyroid gland content of radioactive lodine
to study closely the fundamental processes that underly
thyroid function, without the administration of quantities
of lodine that might have & non-physiological, or a

pharmscological action, upon the various phases of thyroid

function.
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Using the technique much information regarding
thyroid physiology has been obtalned, some of 1t new and
much of it in confirmation of what had already been discovered
by normal bilochemical techniques.

The various steps in the cycle of iodine metabollsm
have been elucldated and the physiological aspects and
inferences have been ably reviewed by Raben and Astwood
(1949) and Rawson (1949) and more recently in this country
Bryant, Corbett, Honour, and Pochin (1950) and Myant and Pochin
(1950) have contributed new and fundamental information on
the physlology of iodine and thyroxine metabolism.

These basle physiological studles provide an excellent
example of the way in which radioactive isotopes can be used
as a fundamental tool for medlcal research, and this 1s their
most valuable role. This theslis is devoted to a discussion
of the diagnostic and therapeutie applicatiomsof one particular
isotope, applications made possible because of prellminary
detailed physiological studles. It must never be forgotten
that despite its very considerable value as a dlagnostlc and
therapeutic agent, the most valuable role of radiocactive iodine
s as a tool enabling us to probe yet further into the
physiology of the thyroid gland, and to investigate the precise
abnormalities of function that exist in varlious pathological
conditions of the gland. It is by such basic and fundamental

studies with the isotope that that knowledge will be galined

which will aid us to a closer understanding of the
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mechanisms of disease, and thereby to a closer reallsation
of the means by which those dlseases can be prevented or cured

in thelr early stages.




SECTION III

THE DIAGNOSTIC APPLICATIONS OF RADIOACTIVE IODINE

(1). The Diagnosis of thyrotoxicosis

It was a natural sequel to the inlitial researches into
thyroid physiology briefly described above, that attempts
were made at an early stage to use the metabolism of radilo-
active iodine as a test of thyrold function in order to
provide a clinically applicable diagnostic test. Hertz,
Roberts, and Evans in 1938, using I 128 with a half life
of only 25 minutes were able to observe fundamental
differences in thyroid functlion in thyrotoxle, as compared

" with normal individuals. Thls isotope was not, however,
sultable for clinical use because of 1ts short half 1life,
and only with the isotope I 131 becoming available did
practical diagnostic tests of thyroild function become a
real posslibility.

Muchwork has been carried out in various centres in an
attempt to evolve with radiocactive lodine a reliable fest
of thyroid function, and workers have approached the problem
in different ways. The rate and extent of uptake of radio-
active iodine by the thyrold gland has bheen fully investigated
by several groups of workers since Hamilton and Soley (1940)
made the early observations on patlents with various types
of goltre. Keating, Wang, Luellen, Williams, Power, and

McConBhey, (1949) have assessed the value otf such in vivo

measurement of the quantity of radioactlive iodine in the
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thyroid gland. Werner, Quimby, and Schmidt (1949a) defined
the range of uptake in normal individuals, and the devliations
which occur in thyrold disease, and Werner, Hamilton, Leifer,
and Goodwin (1950) reviewed their experiences of 1,400
estimations of thyroid gland uptake of radloactive lodline.
They concluded that the thyroid gland uptake of the lsotope
after 24 hours was a sultable technique for dlagnostic
purposes and at the Presbyterian Hospital 1n New York this
test 1s being substituted for the basal metabollc rate
determination as the initlal routine laboratory screening
procedure in the diagnosis of thyrold disorder.

Studies of the urinary excretion of the lsotope have
also been widely used as an indirect index of thyrold functlon.
Keating, Power, Berkson, snd Haines (1947) and Skanse (1949)
made very careful analyses of the results obtainable by this
method, and some workers in this country, (Arnott, Emery,
Fraser, and Hobson, 1949; Mason and Oliver, 1949) have felt
that it provides a useful and accurate test for the diagnosis
of thyrotoxicosis, especially if the urinary output during the
48 hours after administration of the isotope 1s subdivided
lnto shorter periods. All workers agree, however, that the
urinary excretion test alone does not differentiate clearly
the normal from the abnormal in that lmportant intermediate
group of cases in which the dlagnosis of thyrotoxicosis 1s

clinically difficult and douBtful, that group, in fact, for

which there is the most need for a relizble objective index
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cf thyroid function. McArthur, Rawson, Fluharty, and Means
(1948) go so far as to state that a low urinary excretion
of the lsotope is a useful and valuable indication of
thyrotoxicosis, but that intermediate degrees of excretion

are of no dlagnostic help.

In an attempt to obtaln more useful and accurate guldance
to the state of thyroid function, Keating, Wang, Luellen,
Williams, Power, and McConahey, (1949) have developed the
conception of an lodide accumulatlion rate of the thyrold
gland, as distinct from the absolute amount of 1odlde absorbed
by the gland. After 3 years experience of the radloactive
tracer technique in 790 patients this group of workers at
the Mayo Clinic (Keating, Haines, Power, and Williams, 1950)
felt that measurement of radioactive lodlne accumulation by
any one of several means was & highly efficlent dlagnostiec
tool for separating more than 90% of cases of exophthalmic
goltre from normals, but that it was less satisfactory with
regard to the presence or absence of hyperthyroldism in cases
of adenomatous goitre.

The same workers, and Myant, Pochin, and Goldie (1949)
have also suggested a thyroid clearance rate of plasma iodide
‘analogous to the more familiar renal clearance rate of urea,
The rate at which ilodide isbeing absorbed by the thyrold gland
is deduced from the curve of thyrold uptake obtained by

external counting by a Gelger counter over the gland, the
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plasma concentratlon of radloactive lodlne belng determlned
simultaneously. Pochin (1950) has suggested that a simple
clinicai test that correlates closely with thyroid cleérance

of plasma iodine 1s the ratio of the counts obtained, one hour
after the dose, over the thyroid gland to the counts obtainable
at the same time over the thigh.

Foote and Maclagan (1951) have modified this latter test
and have devised the "thigh-neck clearance", belng the increase
in neck counts per hour, divided by the maximum count obtalned
over the patient's thigh. They have claimed that this test

is suitable for routine use as a dilagnostiec procedure.

Other studies of thyroid function have been carried out
to determine whether or not uptake into the gland within the
first few hours only is a valid dlagnostic test. Miller,
Dailey, Holmes, Alexander, and Sheli£g§¥Zund that the initial
rate of radioactive iodine uptake correlated well with the
clinical evaluation of thyroid function, and Greer (1951) has
demonstrated that uptakes at six and eight hours correlate
quite satisfactorily with 24 hour uptakes.

The purpose of observations such as these ig to determine
the validity of teste which minimise the time for which the
patient requires to be present for the test.

The "accumulation rate' of Keating and his associates,

an accurate and sensitive index of thyroid function, has the

disadvantage that it does require in vivo observatlons over
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one or two days. Astwood and Stanley (1947) have devised

a more empirical method of comparing the increase in thyrold
radloactive lodine with time. They term thls the accumulation
gradient, and belng a value obtalned by plotting countlng rate
against the square root of time, they obtaln a value in a

few hours only. Keating, Halnes, Power and Wllliams (1950)
emphasise, however, that being an index expressed in arbitrary
units dependent on many potentially varlable factors, 1t 1s
difficult for the values obtalned for "accumulation gradlent"

in one laboratory to be compared with those observed elsewhers.

It has been shown by Vanderl.aan and Vanderlaan (1947)
that the administration of 1 - methyl 2 - mercaptoimlidazole
prevents the conversion of inorganic iodide to organic form
and Stanley and Astwood (1948) have utilised thie fact. They
administer radioactive iodine within a few hours of a dose of
100 mg. of this drug snd then meagure gland uptske of thé
isotope. They claim that this measurement of thyrold iodide
content, as contrasted with mezsurement of total i1odine
content, gives a very useful separation of hyperthyroid from
enthyroid individuals.

Haigh and Reiss (1950) utilise a more complex test in
which urinary output and initial gland uptake are combined to
give a factor which is said to have disgnostic value, snd
Fryers (1951) has found that the product of the rate of

accumulation st 4 hours with the absolute zmount accumulsated

in the gland at that time zives a factor which digcrininstesg
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cleanly between thyrotoxic and normal individuals.

Once again, however, these tests requlre observatlons
over at least a day, and any test which can be completed within
a few hours 1m obviously preferable to a test which requlres
repeated or prolonged attendance.

All the tests mentioned so far have been measuree of the
capacity of the thyroid gland to concentrate lodlde presented
to it.by the circulation, but this is only one aspect of
thyroid function, and 1t does not measure at all the release of
thyroid hormone from the gland ~ nor its utilisation by the
body tissues. The effect of the latter agpect is the function
chiefly measured by the basal metabolic rate estimation, and
the former function ie meacsured by the chemiceal techniquees of
~protein-bound iddine estlmations., Thils represents a standard
method of assessing thyroid function, and Rapport and Curtis
(1950) claim it to be the most reliable objsctive index of
thyroid function. It has always been, however, & difficult,
laborious, znd impracticable bibchemical procedure, and, as such,
unsuitable for routine application. The newer and simvler
technigue of Barker, Humphrey, and Soley (1951) may make it
an estimation of more general apolicsbility, out the adsptation
of the isotope technique to this facet of thyroid function has
already been a valuzable acdition to the dlzgnogtic armamentariun
of the physicisan.,

It 1s zenerally agreed that it 1s the vregsncs of lincrsased
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amounts of circulating thyrold hormone which is responsible
for the clinical manifestations of thyrotoxicosls, and any
method of detecting such an increase should be a useful index
of thyroid function. Furthermore, the work of Taurog and
Chaikoff (1948)/?2%10nd and Gross (1949) in

animals has shown fairly conclusively that clrculating thyroid
hormone is probably thyroxine itslef, and Rosenberg (1951) came
to thé gsame conclusion in man. Taurog and Chaikoff, (1947)
using a butyl alcohol extraction method for separating out the
thyroxine, diliodotyrosine, and inorganlic iodine fractions of
the total plasma activity due to circulating radiocactive 1odine
came to the conclusion that about 90% of circulating lodine is
in thebform of thyroxine. Leblond and Sue (1941) have

shown that the dilodotyrosine fractlon of the protein-bound
lodine is rapidly metabolised and broken down in plasma to form
inorganic iodide, and therefore an estimation of the proteln-
bound lodine, separated from the non-proteln bound fraction by
preclpitation with trichloracetic acid is essentially a

measure of the thyroxine content of the plasma. The use

of radioactive lodine enables circulating thyroxine in the
blood to be easily "labelled" so that it becomes readily
detectable and measurable. This estimation would be expected
to glve valuable diagnostic help, and it is, moreover, an
estimation that can be made relatively simply.

McConghey, K eating and Power (1949) have studied fully

the behaviour of radioactive iodine in the blood and found,
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as was to be expected, thzt hizner levels of protein-bound
radiocactive iodine were precent in thyrotoxic than in normal
individuals, z2nd similar findings were noted after 24 hours
by Freedberg, Ureles, and Jertz (1949) and by Williams, Jafie,
and Rernstein (1949). ¢Clark, ¥oe, and idams (1949) and sub-
sequently Sheline and Clark (1950), have utilised the speed
of conversion of radioactive iodine into protein-bound form
as a ciagnostic test, and they found that thyrotoxic patlents
had more than 50% of the circulating plasma radiocactive

iodine in protein-bound form afier 24 hours. This di=gnostic
test of thyroid function, using the isotope technique, nas been
found to correizte falrliy well with chemical estimation of the
protein-bound iodine {Sheline, Moore, Kavpas, and Clark, 1951)
and it is, of course, a very much more simply performed
estimation.

Present investigation

It can be seen, therefore, Trom the diversity of tests
that have been described, that although much work has bsen
devoted to clarify the physiologlcal behaviour of the
thyrold gland and of thyroxine, there has been little -
agreement as to the most relianle and convenient way 1in
which radioactive lodine may be used in the diagnosis of
thyroild disease. There has always been a tendency for
each group of workers to concentrate on the test which
'they have deviged without makinx any espzcial effort to

compare the tests with each other and so ve 1n a position



to assess thelr relative merits and value.

Accordingly, the purpose of the studles undertaken in
Sheffield has been to assess with a variety of different
measures of thyroid functlon, a group of patients of all grades
of thyroid activity. It was realised that only by such a
composite study would it be possible to devise and select
for routine diagnostic purposes a test which was at the same
time & valuabie and reliable screening test for the diagnosis
of thyrotoxicosis while beiﬁg also donvenient for both patient
and physician. The emphasis was, therefore, on the invest-
igation of patients in whom there was a possibillity of
hyperthyroidism. The differentiation of normal from thyrotoxiec
gland function, is, moreover the aspect of thyroid physiology
which most frequently gives rise to clinical difficulty.

Part "A" - Definition of Standards

This covered the period from April 1948 through June
1950, and during this period physical techniques were devised,
perfected, and applied to tne investigation of patients. The
purpose of this study was to define the ranges of normality
for a selected group of radioactive ilodine tests of thyroid
function, and to discover the deviatlons from normal that
could be anticipated 1n association with hypothyroidism and
hyperthyroid states.

From this study it was hoped that the most promising

tests could be selected and applied to the investigation of

a further group of patients.
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Part "B" - General Application of Diagnostic Techniques.

This comprised the investigation of a further group
of cases who were not all so fully investigated clinically
and in whom an attempt was made to apply routinely certailn
of the tests of thyroid function which had been found in Study
A" to be the most reliable and helpful.

Part "A" - Definition of Standards

The group of patients studled contained patients of all
gradés of thyroid function, and it was decided, for the reasons
already mentioned to carry out on each lndividual all those
investigations which promised to be of diagnostic help, and
initially a series of normal and thyrotoxic subjects was fully
investigated. The severity of thyrotoxicosis was assessed
using all the conventional clinical and laboratory methods
that were available, and assigning to each paﬁient a figure
from one to four to indicate the degree of abnormality. Having
thus obtained a standard for normal and thyrotoxiec subjects
the results were applied to a difficult intermediate group,
the composition of which is daiscussed pelow.

All the patients studied comprised a total of 94
individuals of whom 16 were completely normal as regards
thyroid function, and had no evidence of any other endocrine
disturbance. PForty four patients were diagnosed as having
primary thyrotoxicosis or toxic adenomata, the groups being

composed of cases of all grades of toxicity, from mild,
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borderline thyrotoxicosis, (Grade 1) to thyrotoxicosis of
the most severe degree (Grade 4).

These gradings are essentlially arbitrary 1n.nature
and no high degree of accuracy is claimed for these figures.
They do, however, represent the final average oplnion of
at least three observers each of whom took into account every
clinical aspect of the case. Cases in Grade 1 had least
evidence of thyrotoxicosis, and some cases were only so classified
after therapeutic trial with methyl thiouracil. The diagnosis
was immediately obvious in cases in Grade 2, and the more
severely afrected patients were classified in Grades 3 and 4.

The "intermediate group" consisted of 30 patients in whom
there was found no clinical evidence of toxicity after full
and often prolonged study. 'Twenty five patlients in this
group presented features of past or present thyroid disorder,
such as non-toxic goitres, simple adenomata, and patients
with successfully treated or burnt out thyrotoxicosis.
There were also five patlents who presented clinically wilth
symptoms which are often seen ln thyrotoxicosis. They,
however, nad no tuyrola enlargement and an anxiety state
was eventuaily diagnosed in eacn case as, after further
observation, features became apparent which were inconsistent
with a definite diagnosis of thyrotoxicosis.

The patients included in the intermediate group are
therefore those who usually present the most clinical
difficulties with regard to diagnosis. There was moreover,

the additional factor that in the Sheirield area there is a
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high incidence of non-toxic goi@mre with slight enlargement
of the thyroid gland, and, accordingly, the clinical
difficulties are thereby slightly increased when there 1is
the concurrence of gymptoms that may or may not be due to
true thyrotoxicosis.,.

Four cases of myxoedema were also included in this
study.

During the céurse of the study, many cases of thyroild
carcinoma were also studied, but rather less fully, and the
results are not included here, but, in some cases, discussed
later. The results in no way conflict, as regards thyroid
function as a whole, with the general statements that will be
made later.

METHOD OF INVESTIGATION

All patients were admitted to hospital for in-patlent
care and investigatlon. The history was taken and
physical examination carrlied out by three observers
independently and the final dlagnosis and grading were
discussed. All cases except the norﬁal group were followed
for long periods in the out patient department, and in toxie
cages the results of therapy were taken into account. It
must be emphasised that the final decision as to whether
an individual was clinically thyrotoxic or not was only taken
after the most thorough sifting of clinical evidence that

could be devised. In no case were any of the observations

using radioactive lodine taken into consideration in making
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the final classification.

The collection of urine and blood specimens was very
carefully supervised, as urinary samples especially tend
to get mislaid if close watch 1s not kept on nursing staff.

Patlients were fasting on the morning of test, and the
tracer dose of 25 microcuries of radioactlve lodine was
administered orally and the container repeatedly washed out
with water and subsequently monitored to ensure that all the
dose was, in fact, taken. Patients were allowed to have
lunch on the day of test, usually about 3 hours after the
tracer dose had been given, while observations of the uptake
of the isotope by the thyroid gland were beling made. All
urine specimens passed were collected, and subsequently
aliquot samples of 10 ml. of each specimen were examined
for their content of radioactive iodlne.

At first estimations of blood activity were made on
0.5 ml. samples, but thls was found to be unsatisfactory
because separate estimations of the protein-bound
concentration could not be made with the technique used.
All estimations of plasma concentration included in this
thesis were made on 20 ml. samples of blood withdrawn into
a heparinised syringe. Samples of blood were usually taken
at 1 hour, 3 hours, and 48 hours after ingestion of the

radloactive iodine.
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COUNTING TECHNIQUE USED

The amount of the active material taken up in the gland
was agsessed by Dr. H. Miller; Chief Physicist to the Sheffield
National Centre for Radlotherapy, by means of a calibrated
gamma ray counter housed in a substantial lead shield. Lead
diaphragms were introduced to produce a sultable collimatlon.
The whole counter with the associated preamplifier unit was
mounted on the arm of a modified mobile X-ray unit stand so
that it could be convenlently adjusted with respect to the
patient. (Figure 1'}. -

For calibration of the counter, measurements were made
using a solution of radiocactive iodine in a small glass phial,
and by using glass models of the thyroid gland filled with
an active solution.

In order to reduce the effect of absorption in the tissues
a filter was introduced in front of the counter. This
consisted of 1 mm. thickneés df lead supported on a thin brass
plate; The filter reduced to a negligible amount the effect
of the soft component of the gamma radiation of the radio-
active lodine. It also had the effect of reducing to a small
value the scattered radiation as measured by the counter.

The effective radiation centre of the gland in the patient
was obtalned from a plot ogﬁgeciprocal of the square root of
the counting rate against distance. In the majority of cases
this effective radiation centre was approximately 2 cms. below

the skin over the thyroid isthmus.
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In the builld up curves in the gland, therefore, the
calibration of the counter was deduced by measuring the
concentrated source of radioactive ilodine in its glass
phial and this calibration was used after having deduced
the effective radiating centre of the gland in question
by the above method.

'The effect of the 1 mm. of lead filtration in reducing
the magnitude of the scattered radiation may be seen by
comparing the method adopted by Myant, Honour, and Pochiln,
(1949). In their technique, using unfntefed radiation,
the body tissues outside the immediate neighbourhood of the
thyroid gland are screened from the counter but a large
correction of the order of 21% for scattered radiation is
necessary. In the Sheffield technique, devised by Dr. H.
Milier, the filter used caused a reduction in the counting
rate to a value of 60% of the unfiltered rate.

In plotting build up curves the usual practice was to
count for a total of six minutes. This was divided into two
periods of two minutes with the counter axis at a distance
of 27 cms. from the skin over the isthmus, while between
these counts one count wasg taken wilth a block of lead
supported above the isthmus. The lead was 3.8 cms. thick
and effectively cut out the radiation from the underlying
gland leaving a background which fell slowly with time as
the active material in the rest of the body was distributed

and sliminated. The lead block was large senough in area
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%o eliminate radiation from the glznd itself but it also
cut out some radiation from the normal tissues of the neck.
since at peak take up, however, the blood coaceniration was
genera_ly less than 1% per litre of plasma, the amount of
activity in the normz2l tissues of the neck underlying the
lead block was certainly less than 0.5% of the ingested
dose and was considered negligible. This was confirmed

by the observed sm2il couniing rate over the thizh at a
place where the cross secilon was rouzghly the same as the
neck.

The actuzl counting rate for a dose of 20 fic and for
a 50% uptake under the Sheffield conditions was anproximately
350 counts psr minute. The coefficient of variation (i.e.
the standard deviztion expressed as a percentage of the mean)
for a particular point on thes curve was therefore, zZenerally
" less than 3%. It is belileved that the figures of peak uptake
are correct to within 5% which is sufficiently accurzte for
the purposes of this thesis.

Liguid samples were counted in the liguid counter devised
by ann, (1948). As a standard a thousand fold dilution of
the stock solution was used. A1l liguids placed in the
counter had a few milligrams per litre of sodium lodide
introduced as carrier.

Urine concentrationsover the first 24 hours were
adequate to give a small statistical error in counts of 5

minutes and the error in estimating the total urine outvut



was influenced mainly by the adequacy of urine collectlon.
If no sample was lost the estimates of uring output were
expected to be correct to within 5%. No figures are quoted
when & urine sample containing an appreclable activity was
lost.,

Blood samples were taken into heparanised bottles and
spun and the plasma was introduced 1lnto the counter directly.
A blood plasma concentration of 1% per’litre gave with the usual
tracer drink of 25 Pc. about 25 c¢ts. ner min, Gounts of at

least 10 minutes were made on these samples. The bhackground
count was around 12 counts per nin, The statistical error in
these results is much greater than in the other measurements,
but it is estimated by Dr. H. Miller that the coefficlent

of variation of the individual blood measurements is less
than 10% except for concentrations less than 0.4% of the
ingested dose per litre.

The estimation of the protein-bound iodine in the plasma
was carried out by the technigue used by Chaikoff, Taurog,
and Reinhardt, (1947), as follows: 10 ml. of the plasma
were precipitated with 30 ml. of 10% trichloracetic acid.

This was centrifuged and the supernatant 1liquid poured off.
The precinitate was then shaken with a further 30 ml. of
trichloracetic zcid and the whole cnetrifuged again. After
a repetitlion of this last proéedure the precipitate was
dissolved in 2N NaOQH. and its activity eztimsted. It was

generally possible to dissolve the vrecipitated proteins
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from 8 ml. of plasma in 10 ml of Na OH Counts on protein=-
kound speciments were normally carried out for at least 15
minutes and were subject to somewhat greater errors than on

plasma speclmens.

RADIATION HAZARD TO PATIENTS

The use of radloactive lsotopes exposes both patients
and workers with the 1sotopes to a certain amount of
radiation, and it 1s important to consider whether or not
any adverse effect ig likely to follow thelr use.

It is essential that the dose of the isotope used .for
diagnostic tests be kept to a minimal level, but rather
different conslderations apply for such tests to those
which are avpplicable to patients undergoing treatment
with large doses of the 1isotope. The possible hazards
of such therapy are considered in the Therapeutic section
of this thesls.

It is recognised that in the use of doses of radlo~
active iodine of the order of 25 - 30 microcuries the dose
of ionising radiation given to the thyroid gland itself
is not negligible though the dose given to the rest of the
body may be consgidered so. (Outside the thyroid this dose
igs everywhere less than 0.3 roentgen). If the uptake in
the gland is 50% and the rate of biological elimination has
a half 1ife of 8 days the dose given to a gland of normal
size 1s aporoximately 35 r following a tracer drink of 25 Jic

In Sheffield the doses given to the glands of the vatients
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have varied widely over a range of roughly 10 r to 100 r.

The International Recommendatlons on'Radiologicai
Protection recently lssued by the International Commission
of Radiological Protection (1951) state that the maximum
permissible dose recelved by radllation workers exposed to
external radiation should be 0.3 r/week, even when the
irradiation is confined to a particular organ or tissue.

It is not known how far doses in the tolerance region can
be considered as cumulative, and whether 1t is legitimate
for example, to consider a dose of 15 r in any one year
on a limited volume of tissue as equivalent in radlation
danger to 0.3 r per week over 50 weeks.

The International Commi:zsion on Radiological Protection
does not make firm recommendations regarding the maxlimum
permigsible exposure to internal radlation. For occupsational
exposure a maximum permissible amount of radioactive lodine
in the body is 0.3 mlcrocuries as this would glive a dose rate
in the gland of 0.3 r per week.

In order to minimise the necessary dose, Dr. H. Miller
in Sheffield has undertaken experimental work designed to
give increased sensitivity to measurements of plasma protein-
bound lodine samples. In the meanwhile, however, and with
the equipment at present available, 1t was felt that tests on
normal people should be made only once and the "Normal"
group in this series 1is as small as could give reasonably

representative figures.,
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It has been considered justiflable to use 30 microcuries
in cases where there are reasonable grounds for suspecting
thyroid disorder, but the tests have only rarely been
repeated on a particular patient in less than 1 year
except where radloactive lodine therapy has been intended
to follow the investigation.

The practice of other workers has varled considerably
as to the dose considered reasonable for dlagnostlc tests
of this type, though some work has suggested that tracer
drinks should not normally be greater than 1OMc (Arnott,
Emery, Fraser, and Hobson, 1949; Tait, Cook, and Worsnop,
1951). This would give a dose of about 15 r which,
averaged over 1 year, is about the recognised maximum
permissible dose for occunatlonal exposure,

It has frequently been pointed out that radilation doses
of the same order as those given in these tests are glven
routinely to limited regions of the body in magy X-ray ,
diagnostic techniques. This 18 especlally true of the
skin in normal screening procedures, (Martin, 1947 ; 3raestrup
1942) The skin dose of radiation following an average
barium meal examinstion is 45 r. The effects of such
occasional exposures of this magnitude in normal dlagnostie
work of this kind have not so far been consldered as of a
serious nature. Although the lack of commsnt upon such
exvosures by diagnostic radliologists does not justify the

procedure if there is an appreciable risk, it has at least
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never been convincingly demonstrated that such exposures

have ever been followed by any detrimental effects.
RESULTS

As has already been outllned under the sectlon dealing
with the physiological background of the use of radioactive
isotopes, it was early found by other workers that the
thyrotoxic gland had a very much greater avlidity for iodine
that the normal gland, and consequently the curve of gland
activity when plotted against time was seen to vary very
considerably between the different types of gland function.
This alteration ln the capacility of the gland to concentrate
iodine has an effect on the curve of blood activity of
radioactive iodine, and thls latter curve 1s also affected
because the thyrotoxic gland also turns out very appreciable
quantities of thyroxine which, after the administration of
the isotope, becomes radiocactive and so readily detectable.

The curves in typical normal and typical thyrotoxie
gland function are contrasted in Figures 2 and 3, and
the blood curves are considered separately in Figure 4.

In normal gland function (Figure 2) the iodine 1is
steadlly concentrated by the thyrold gland, the balance
being progressively excreted by the kidney. ‘Myant, Pochin,
and Goldise (1949) have shown clearly that the renal
excrethﬂzraté of iodine is proportional to the plasma

- concentration of radioactive iodine, and furthermore, that
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the renal clearance rate for plasma radiolodide has the same
value of about 30 ml,per minute both in normal and in
thyrotoxic subjects. Any varilatlion of thyroid clearance
rate, 18, therefore reflected in smaller or larger amounts
of radioactive iodine being excreted in the urine. In the
great majority of normal persons a greater amount of the
isotope 1s excreted in the urlne in the first day than is
absorbed into the thyroid gland. As will be seen from the
detailed results in Part "A" of this Section, most normal
persons concentrate between 30% and 55% of the ddse in the
thyroid in the first 24 hours and excrete over 35% of it.
Furthermore, the gland absorption is gradual, and not
complete until at least 24 hours, and the curve may rise
after that time.

In a thyrotoxic patient, on the other nand, there is a
very much higher and more rapid gland uptake, usually
exceeding 60%, and conversely a low urinary excretion.
There is also, characteristically, a progressive fall 1in
the thyroid activity after the peak point of the curve, a
fall that is due to the release from the gland of the
radioactive iodine that has become bound into thyroxine,
and, as such, discharged into the circulation. In Figure
3, the corresponding vlood curve 1s superimposed onto the
other curves 6f gland and urine activity, and 1t can be
seen that the secondary rise in plasma activity correéponds

with the fall in gland actlvity.
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The typical curves of blood activity in myxoedema, normal, |

and thyrotoxic gland functlon are compared in Figure 4.

After the initial rise in plasma concentration following upon

absorptlon of the radiocactive ilodine, uvhere is a tall of

concentratlon, and this rerliecis the disappearance of

radioactive iodine as liodide
gland, urine and other sites
disappearance of radioactive

changes in thyroid function,

from the blood into the thyroid
of disposal. The rate of this
iodine from the blood reflects

beling more rapid in thyrotoxicosis

than in normal subjects, and conversely, less rapid in
hypothyroidism.

Blood estimations during this phase are of definite
diagnostic value, and the suggestion of Myant and Pochin
(1949) that the isolated observation of plasma activity

at 2 hours after sdministration of radiocactive iodine is

a valuable test is also based on utilising the fact that the

disappearance of 16dine from the blood 1is very rapld in
ﬂhyrotoxicosis. They noted that the plasma activity in
normal persons was at this time always more than, and in
thyrotoxicosis less than 2%, of the administered dose per
litre of plasma.

In toxickcases, therefore, a minimal 1evél of plasma
activity is reached at an early stage, corresponding to
the earlier peak of thyroid absorption, whereas normal

function is characterised by a more prolonged and gradual

fall in activity.
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‘The next phase of the curve of radioaétive i1odine
concentration in plasma is that which 1ndicates the avpearance
in the blood of iodine in protein-bound form, probably chiefly
as thyroxine. This phase starts much earlier in thyrotoxiec
individuals than in normgl persons, and lodine in protein-
found form can occasionally be detected in thyrotoxic individuals
at a very early stage, within two or three hours and its
continued discharge into the blood is shown by a marked
secondary rise in the level of plasma activity. This rise
is difficult to detect by present techniques in normal
persons; 1in any case, it is of much less degree, and it is
most unusual td find more than a negligible amount of radio-
actlve iodine in protein-btound form present in a normal
person before the third or fourth day. It was felt, therefore,
that 48 hours would be the best time at which to measure plasma
activity, both the total activity and that due to protein-
bound iodine. Any activity then presént should be due chiefly
to protein-bound activity in toxie persons; 1in normal
persons activity should be minimal because by that time the
greater part of the administered dose should have been
excreted in the urine or held in the thyrold gland from
which the output of thyroxine has not yet begun.

The detalled data derived from the study of patients
included in Part "A" are presented in Appendices I - V,

with full particulars of the results of each test relating

to every case. The results in Part "A" are summarised in
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Table I. It was not always possible to carry out
vSatisfactorily all investigations in every case, and when
technical faults or inaccuracies in the collection or
assessment of sampleé of blood or urine have made results
unreliable they have been omitted. |

The distribution of results of the investigations in éll
patients so tested 1s also presented in the form of histograms
representing the results of patients' basal metabolic rate
estimations (Fig.5); thyroid gland uptake of the radioactive
lodine at the peak point of the collection of iodine by the
gland’(Fig.é); and at 24 hours after the dose was administered
(Fig.7); the distribution of the times which elapsed until
half the peak uptake was reached in each case (Fig.8); the
urinary excretion of the isotope in bulked sémples covering
the first 24 hours (Fig.9); the thyroild clearance rates 2
hours after the dose was glven, or at the time when the half
peak uptake value was reached by the gland, whichever was
the higher (Fig.l0); the total plasma activity 48 hours
after the dose, (Fig.ll); and the plasma activity due to
the protein-bound fraction of the 48 hour sample of plasma
(Fig.12). ‘

To assist recognition of individual cases so that
reference can be made to the Appendices and to other Figures,
the symbol representing each case bears the case number of
the patient, and, additionally, symbols of thyrotoxiec

patients carry a figure representing the clinical grade

of toxicity.



$ % — k+ & % -+ &)+ (+(/ 1 (/%% '( 4+ *1(* -+1



=37 -

BASAL METABOLIC RATE

This estimation, (Fig.5.) was carried out by the
Douglas bag method or with a spirometer and the figures
quoted are the mean of two or more consistent results,
The test was not carried out on all patients included in
theAnofmal group (Appendix 1), since we know that with our
technique normal individuals may give readings lying between
4+ 20 and - 20%. On this basis 13 thyrotoxic cases out
of 39 on which the test was performed, or 33% of the total,
had "normal' basal metabolic rates and iﬂcluded‘in that number
are 5 of moderately severe or very severe degrees of toxicity
(cases 59, 67, 71, 72, and 88). In addition three cases
of non-toxic goitre or anxiety state had basal metabolic
rates in excess of 20%. These figures serve to confirm
the genérally accepted view that an estimation of the basal
metabolic rate is of only doubtful value in differentiating
between thyrotoxiéosis and other conditions, when there is
clinical doubt regarding the diagnosis. It is of interest
that Keating, Haines, Power, and Williams, (1950) in their
study of the value of radioactive iodine as a dlagnostic aild
found that, taking tﬁe Mayo Foundation standard deviation of
the basal metabolic rate at any age as 6.9%, then 51% of
their euthyroid patients had values outside the normal range,
i1.e. outside a range of 13 to =13% (%Y 26).

Bartels (1950), moreover, found the basal metabolic rate

to be below 20% in 3% of a series of 1,000 thyrotoxic patients
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and in some cases a normal basal metabolic rate was found

in the presence of severe thyrotoxicosis, a finding which

- was also noted in thils series, (Cases 59, 67, 71, 72, and 88).
Furthermore, a raised rate occurs in many conditions other
than thyrotoxicosis, such as heart failure and pyrexia, and
the presence of an apparently raised rate in some cases of.
anxiety state is not an uncommon finding.

This figure, therefore, suggests agreement with those
who regard an estimation of the basal metabolism as of little
hélp in doubtful cases rather than with Simpson (1948) who
states that a normal basal metabolic rate 1s never found in
thyrotoxicosis.

All the results of basal metabollc rate estimations are
presented so that the value of this traditional investigation
In cases of suspected thyrotoxicosis may be compared with the
results of the more specific tests.of thyroid function using
radioactive lodine.

THYROID GLAND UPTAKE

The gland uptake of radioactive iodine at the peak
value is shown in Appendices I - V' and is charted in Figure
6. In the normal group the uptake was in the range of
21 to 54% of the administered dose with a mean of 38%.

The intermediate group had a somewhat similar range, with
a mean of 48% with the important exception that there were
eight cases which had a peak uptake of over 55% (Cases 17,
20, 22, 31, 36, 37, 44, and 46). These eight cases overlap
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with the toxlc group of 44 patients, all of whom had peak
uptakes of 56% or greater, the highest uptake in the series
being 92% in iwo cases, (Cases 71 and 79) and the mean of the
group 74%. All the toxic group had uptakes greater than any
recordedvin the normal group, and three of the four patients
with myxoedema had the lowest uptakes recorded.

The uptake by the gland at 24 hours, (Fig.7) shows the
same pattern of distribution as at the time of peak uptake,
but even more overlap is apparent between the toxic and
intermediate or normal categories. No less than tﬁelve
intermedlate group or normal cases appear in the same overlap
area in the figure as 21 texic cases, but the greatest overlap
occurs in the 50 = 60% rahge. In many toxic cases there is
a drop in the 24 hour values as compared with the peak uptakes,
and this fall in the amount of iodine retained in the gland is
because of ité conversion into thyroxine snd transfer into the
blood, a transfer known to correspond with a rise in the
activity of plasma by that time. The fall in gland activity
may be very consideraﬁle in some cases, as in Case 64 where
a peak uptake of 75.5% had diminished to 55% by 24 hours, and
in Cases 71 and T9 where the drop was in each case from 92%
to T2%.

Gland uptake after 24 hours does not glve as true an
indication of the avidity of the gland for iodine as does

the peak uptake, but it enables us to compare these values

With those published by Werner, Quimby, and Schmidt, (1949a)
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in one of the largest series so far reported. The Sheffield
range for normal uptakes is 19 - 53% which compares with a
range of 7 = 49% in the American workers' series of 57

normal controls. Whereas, however, only 6 (107) of their
cases had uptakes greater than 35%, there zre 5 patients
(35%) in the normal group in this series with uptakes of

this order. We believe these differences to be significant
and to be possibly connected with the known lack of iodine

in the Derbyshire area (Murray, Ryle, Simpson and Wilson; 1948)
It is recognised that thyroid glands with low iodine content
from any cause have an increased avidity for iodine, and
Leblond and Mann (1942) showed that continued dietary iodine
deficiency led to increased thyroid iodine collection.

There is 1little overlap between the patients with
thyrotoxicosis and the normal controls, in respect of their
peak and 24 hour uptakes, but there are eight cases in the
intermediate group with no evidence of toxicity who had either
anxiety states or non-toxic goitres, and who had uptzkes of
56% or greater and soc overlapped with the toxic group. In
the group studied by Werner and his associztes no less than
40 out of 97 thyrotoxic vatients had uptakes‘within the 1limits
observed in their control subjects. If in their series 40% is
taken as the upper limit of normal then only 4% éf their
normal cases fall in the toxic range, but 11% of their

toxic cases then lie in the normsl range,

Luellen, Xeating, Williams, Berkson, Power, and ¥c Conahey
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(1949) also noted that some euthyroid patients with nodular
goltres may at times collect more radioactive iodine in their
thyroids than other euthyroid subjects, and they concluded
that adenomatous goltres, especially large ones,ougitnot to
be regarded as entireiy normal in function even in the
abgence of clinical hyperthyroidism. Werner, Quimby, and
Schmidt (1949) and Myant, Pochin, and Goldie (1949) also
mention cases of non-toxic goitre with uptakes of this
order; the former workers have noted, in a series of
patlents investigated when in remission of hyperthyroidism as
a result of various types of treatment, that the lodine uptake
often continues at an elevated level, despite the regression
of symptoms and the return of the basal metabolic rate to
normal. Findings such as these, as well as similar
observations, discussed later, made following effective
therapeutic doses of radioasctlve lodine,show that unusually
high uptakes of radioactive iodine by the thyroid gland may
exist without there being overactlivity of the gland as Jjudged
by other criteria,

The peak and 24 hour uptake of patients with toxic
adenomata was, in general, lower than that of the group
with diffuse thyrotoxicosis, the mean peak uptake of the
adenomatous group being 64% as compared with a mean of
78% in the remaining toxic cases.

The equipment was not sufficlently collimated to

decide whether or not the activity in the adenomata was
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significantly higher than that in the surrounding thyroid
tissue, a finding discussed by Means, (1949) with régard
to the function of isolated thyroid adenomata. In five
cases, however, (Cases 86, 87, 89, 92, and 95) it did
appear that the greatest amount of activity present in
the gland was concentrated in the palpable adenoma.

Two of the patients in the toxic group, Cases 74
and 75, with two of the lowest uptakes, 57% and 61%
respectively, had previously had thyroidectomies, and
the lesser amount of active thyroid tissue may be related
to thelr smaller uptake of radioactive lodine, despite
thelr undoubted toxicity.

It would avpear, therefore, that where the volume
or mass, of hyperfunctioning thyroid tissue is small,
such as where there are nodular recurrencies after partial
thyroldectomy, or where there is toxicity due to the presence
of an adenoma, then the absolute amount absorbed by the gland
as a whole is of less diagnostic value than in pattitents where
the thyrotoxicosis is due to diffuse enlargement of the gland
as 1n typical Graves dlisease. This accords well with the
observation of Keating, Haines, Power, and Williams, (1950)
that no matter by what technique radioactive iodine concentration
in the thyroid gland is measufed, there is a significant
overlap with the euthyroid range, and that radioactive lodine

tracer tests, as carried out by them were of limlted value |

for indicating the presence or absence of hyperthyroidism
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in cases of adenomatous goihre.

A further point of interest that emerged from the
investigatlions was that a relationship apneared to exist
between the severity of the thyrotoxicosis as assessed
independently on clinical grounds, and the uptake of iodine
by the gland. 1In the histograms of peak uptake (Fig.6)
and 24 hour uptake (Fig.7) it can be seen that there 1is
a tendency for cases of Grade 3 and 4 toxicity to fall
among the upver values, and Grades 1 and 2 to fall among’
the lower values of the toxic group. If the "mean grade'
of severity is estimated for each column of toxic cases in
'Fig. 2, there is a gradual rise of severity from a "mean
grade“ of 1.6 in the group with a peak uptake of 56% to
60%, through successive '"mean grades" of 1.7, 2.6, é.8,
3.1, 3.6, and 2.9 to a "mean grade" of 4 in the 91% to
95% column. A similar rough correlation exists with the
24 hour uptake figures.

TIME TO HALF PEAK UPTAKE

The rate of uptake of radloactive ilodlne by the thyroid
gland is é measure of thyroid function which has besen
assessed in various ways by different groups of workers.

A very simple measure of the rate at which the lodine is
being removed from the blood by the thyroid is the time
which elapses until half the maximum gland uptake has been
abhieved, (the time to the half peak value, Myant, Pochin,

and Goldie, 1949) and observation of this value by gerial
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in vivo measurements of gland activity after administration
of a tracer dose shows clearly that thyrotoxicosls is
characterised by a very much more rapid "time-to-half-peak"
than occurs in normal individuals. The values in this
investigation are shown in Fig. 8. In this series all
thyrotoxic patients had times which were over an hour
shorter than 14 of the 15 normal controls. This index

is a measure of the slope of the curve of uptake of
radioactive iodine into the gland, and is affected by the
rate of absorption of the oral dose of radicactive lodine,
a varisble which has induced some workers to use the
xintravenous route for administering their tracer doses
(Pochin, 1950). The longest value, in the toxiec group,
Case 62, was in a patient who, through a misunderstanding
recéived a light breakfast some two hours previously.

Some of the other more prolonged values are undoubtedly
«related to variable rates of absorption from the bowel,
quite apart from the rate at which the thyroid gland
absorbed circulating iodide.

The mean time to half peak of the whole toxic group

is 74 minutes, that of the intermedizte group 215 minutes,
and of the normals 293 minutes. Myant, Pochin, and Goldle
(1949) quote values of 280 minutes for their control group

and 54 minutes for thelr toxic group.

There is, however, a significant overlap between the

groups, and a half-peak time between 100 and 150 minutes
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can occur in a normal, intermediate group, or toxic case.
It will be noted that many of the cases in the intermediste
group which occupy positions in the overlap zone are in a
gimilar position in the gland uptake histograms.

The slow rise of gland uptake and the uncertainty
regarding the time when maximum absorption is attained,
makes 1t difficult to assess this value in myxoedema,

but the times probably fall within the normal range.

24 HOUR URINARY EXCRETION

The values for the 24 hour urinary excretion of
radioactive lodine show a distribution which is the revebse
of that of gland uptakes, toxic cases excreting the least
amounts, (Fig.9). There is a very considerable overlap
when bulked 24\hour urine excretion figures are used, no
less than 11 normal or non-toxic patients haﬁing urinary
excretions within the same ranges as 14 paﬁients with
thyrotoxicosis, the overlap arising in the range of 20%
and 35% of the administered dose. Marinelli, Quimby and
Hine, (1948) found the test more useful if the excretion
over the first 6 hours was neglected, and Mason and Oliver,
(1949) and Arnott, Emery, Fraser, and Hobson, (1949) further
Ssubdivided the 48 hour period. In Sheffield, however, we
restricted our observations to 24 hour samples and agree

With these latter workers that it is not a practical prodedure

to apply the mathematical analysis of Keating, Power, Berkson,
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and Haines, (1947) as a routine in all cases, because of
the obvious unreliability of urine collection especlally
in the female, and because of the intrinsic inaccuracies
of the method. Skanse, (1949) points out that the extent
of overlap between thyrotoxic and euthyroid patients varies
conslderably in different studies and probably depends to a
great extent upon the type of case studied. As with
- thyroid gland uptakes, some patients with non-toxic
goltres may have urinary excretions of radiocactive iodine
which are intermediate between those found in normal
controls and those which are typically thyrotoxie, and
the test in some, such as those descriped by Fraser,
(1949) may actually suggest frank thyrotokicosis. ' Fraser
points out that there is a trend tewards a less abnormal
urinary excretion as the diaghosis of thyrotoxicoslis becomes
_less certain, and this trend is evident in Fig..9.
THYROID CLEARANCE RATE

Another index of the rapidity of uptake of lodine
by the thyroid gland is the plasma lodide clearance rate,
a measure of the volume of plasma completely cleared of
lodide by the thyroid in unit time. The clgarance rates
of the subjects in this investigation are charted in Figure
10, and show mean clearances of 24, 36, and 297 ml. per

minute in the normal, intermediate, and toxic groups

respectively. There is not, however, the clear cut

Separation between toxicity and normality described by
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Myant, Pochin, and Goldie, (1949). The highest normal
clearance rate was 46 ml./minute, but higher clearance
rates were found in seven subjects in the intermediate
group, with a.reading of 71 ml./minute in Case 36, and
clearances of the order of 20 - 80 ml./minute only in
eight of the 31 thyrotoxlic persons in whom the calculation
wag possible, all except one, Case 73, being patients with
toxicity of Grades 1 and 2. The remaining thyrotoxic
cases all had clearances in excess of 80 ml./minute, the
value quoted by Pochin (1950) as being, in his experience,
that below which Graves disease 1s not probable. Keating,
Wang, Luellen, Williams, Power and McConahey, (1949) quote
four cases of exophthalmic golitre with thyroid iodine
clearance rates below 70 ml. per minute. The

figures in this series would support these workers' findings
that 1t 1s possible to detect comparatively low clearance
rates in the presence of thyrovoxicousis, and the absence

of such low readings in the series of Myant, Pochin, and
Goldie (1949) is probably due to the absence of cases with
only slight degrees of thyrotoxicosis. On the evidence

of this series, there does not apnear to be a clear cut
separation between the thyrotoxic and the eithyroid
individual, but a gradual gradation between the two.

Itvcan be seen that there is a tendency ior che most severe
cases to have the highest, and the mildest cases the lowest,

thyroid clearance rates, with rates higher than normal
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occurring in a selection of patients with anxiety state
and non-toxie goitre.

It is possibly of significance that four of these
elght cases had toxic adenomata rather than diffuse
thyrotoxicosis, and patients with toxlc adenomata usually
have clearance rates very considerably lower thah those
found in diffuse thyrotoxicosis; %vthis is undoubtedly
because the probable higher clearance rate of the hyper-
functioning adenoma is belng masked by the relatively
normal rate of the rest of the gland. Estimations of
clearance rate have, therefore, a similar inability to
indicate toxicity in this group as have the gland uptake
figures, already discusased, They have, hoﬁever, the
advantage that they can be accurately calculated without

knowledge of the actual dose given.

PLASMA ACTIVITY ESTIMATIONS
All the ébove results ére in essence, indices of
the capacity of the thyrold gland to concentrate iodide
presented to it. Very soon after stérting the work it
was felt that a more physiological measure of thyroid function
would be an index of the ability of the thyroid to convert
lodide into thyroxine and discharge it into the circulation.
It therefore became necessary to determine at what time the
most valuable ddagnostic information would be obtainable

from an observation of plasma activity, both its total

activity and that due to iodine in protein-bound form.
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Prelliminary work on a number of patients produced
" the data alreédy discussed in connection with Figure 4
and, as mentioned there, subsequent observations were
only made at the 48 hour time;

The results are shown in Figures 11 and 12, An
estimation of the total activity alone provided a rough separat-
ion between the toxic individuals and those with normal
or intermediate thyroid function. The cases in the
overlap zone were chilefly those with low clearance rates
and consequently more delayed absorption of circulating
radioactive lodine by the gland. Neverthelgss, there is
almost a ten times difference between the mean of 0.1l6 per
cent of the dose given per litre of plasma for the normal
~and intermediate groups (combined) and the mean of 1.53 per
cent per litre for the toxie group. Values in excess of

0.7 per cent per litre were usually found in thyrotoxicosis,

and seldom, 1f ever, in euthyroild persons, but lesser
amounts than 0.7% per litre were not incompatible with
a diagnosis of thyrotoxicosls.

When the protein-bound activity was measured, (Fig.l2)
a very sharp demarcation became apparent between the toxiec
group on the one hénd, and the lntermediate and normzl
groups on the other.. In the absence of toxicity only
£wo cases had a protein-bound activity in excess of 0.2%
per litre, and 31 cases had values less than 0.1% per litre.

Conversely, only two cases which had been definitely graded
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ag thyrotoxic had values less than 0.2% per litre, whereas
all the remainder tested, (24 cases) had values in excess

of 0.4% per litre. This test, therefore, was manifestly

a useful diagnostic aid, and esmperience shows that if a
greater amount than 0.4% of the dose per 1itre of plasma V

is present in the plasma at 48 hours in protein-bound form
the patient should be regarded as a case of thyrotoxicosis;
values below this are only occasionally found in the presence
of thyroid oweractivity.

The higher amounts of activity present in protein-
bound form were found in those patients, (céses 64, 65, 76,
and 79) with a rapid fall in the thyroid gland uptake after
thevbeak value had been reached. This principle can be
further emphasised by comparing the blological half l1life
of the radioiodine in the thyroid gland with the 48 hour
protein-bound plasma activity. In Figure 13 these values
dre charted for all the cases in Part "A" of this series
where both are known, and it can be seen, with only a few
exceptions that the higher values of proteln-bound plasma
activity are in those cases with the shorter blologlcal
half life. It is apparent, therefore, that as well as
being an index of ﬁhe amount of circulating thyroxine,

48 hour protein-bound plasma activity is also-a measure
of the rapidity of conversion of administered radloactive
lodine into thyroxine and its discharge 1lnto the

circulation.
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While this work was 1ln progress, several observers
reported somewhat similar observations. They have usually,
however, chosen to make thelr observations 24 hours after
the dose, and thelr work has either centred upon a study
of the rate at which radloactive 1odine becomes protein-bound,
or, alternatively, of the absolute amount present. Clark,
Moe, and Adams, (1949) and Sheline and Clark, (1950) found
that patients in whom at 24 hours more than 50% of the total
plasma activity was due to protein-bound iodiné were thyro-
toxie. (The data presented here would confirm this finding
for the 48 hour time.) They requifed, however, doses of at
least 50 to 200 microcuries of radioactive lodine for their
observations. Freedberg, Ureles, and Hertz, (1949) demon-
strated that after 24 hours, protein~bound radiocactive iodine
reached higher levels in thyrotoxic patients than in normals,
but found that, at that time, the total plasma activity did
not sharply separate toxic from normal thyrold function.
Williams, Jaffe, and Bernstein; (1949) also reported that
in thyrotoxicoslis the total and protein-bound radioactive
lodine activity was above normal after 24 hours and they
Suggested, although they did not show, that a sharper
Separation might be‘achieved if longer intervals elapsed
before the specimens were collected.

McConahey, Keating, and Power (1949) have noted that
the levels of protein-bound radioactive iodine were higher

in thyrotoxic than in euthyroid individuals. They also
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noted that all the circulating radicactive iodine was
protein-bound in thyrotoxic subjects after a period which
averaged 48 hours, but that in normal individuals the average
time required was asbout four days, a finding which re-
emphaslised the value of making plasma activity observations
after 48 hours, a time chosen by us in Sheffield as the
result of observations of plasma activity followed over a
period of time, (Figure 4).

It should be emphasised that none of the above workers
have carried out In the same individuals investigations both
of thyroid uptake of radioactive iodine and estimations of
plasma levels of protein-bound activity. It is only by
such a comparative and comprehensive survey that the relative
merit of the different tests can be assessed, and that the
value of any particular test can be viewed in true

perspeetive.

<
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CONCLUSIONS DERIVED FROM PART "aA"

After consideration of the facts demonstrated in the
histograms which illustrate the results of Part "A", several
conclusions can be drawn. (

Firstly: An estimation of the basal metabolic rate alone
does not appéar to be of value in separating thyrotoxiec
from non-toxic individuals when the clinical decision
regarding the diagnosis is difficult,

Secondly: The peak gland uptake of a tracerdose is a
reasonably accurate measurement of the avidity of the gland
for iodine, and that by it the great majority of thyrotoxic
individuals can be separated from the non~toxic persons.

In this respect it 1s far superior to the value obtained

at 24 hours which so often, in thyrotoxic patients, may be
very appreciably lower than the value of the peak point of
the eurve, because of thp rapid turnover in the gland of the
radioactive‘iodine, and Lﬁe discharge as thyroxine.

Thirdly: Measurements of 24 hours urinary excretion
are equally valueless in diagnosing the clinically difficult
cases. It can be seen from Figure 9 that all except 1 of
the eclinically less certain thyrotoxic cases, those of Grade
1 severity, had 24 hour urinary excretions in the overlap
zone between 20% and 35%. This particular index did not,
therefore, appear to have real clinical value.

Fourthly: Similarly, measurements of the time to half

Peak uptake value were not of great value in the doubtful

¢88e8, and, from the practical point of view, this index
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requires as much work on the part of the observer for its

recording as did the peak value itself, already shown to be

more specific.

Fifthly: Thyroid iodide clearance ratescan be seen to be
of vaiue in bné particular fashion, that a high clearance
rate, over 80 ml. per minute, appeared to indicate toxicity
although lwer rates did not exclude 1it. This value however,
has the advantage that precise knowledge of the dose given
is not necessary, as 1ltes calculation depends on its relation

between the plasma concentration and the rate of gland

uptake. Provided, therefore, that serial in vivo gland
counts are taken on either side of the time at which the
blood sample 1s obtalned, then the index can be readily
obtalned.

Sixthly: Total plasma activity after 48 hours gives a
reasonably good separation of the toxic from the non-toxic
patients, above and below a value of about 0.6 - 0.7% per
litre, Further, the 48 hour protein-bound plasma activity
glves a surprisingly good separation, sharply differentiating
the two types of cases in a way which closely corresponded to
the very cafeful clinical assessment of the patients.

From the diagnostic viewpoint therefore, three tests
Stood out as being the most valuable.

(1). The Peak gland uptake.
(2). The thyroid iodide clearance rate.

(3). The 48 hour protein-bound plasma activity.
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PART "B"
GENERAL APPLICATION OF DIAGNOSTIC TECHNIQUES

Scope of Investigation

This immediately succeeded Part "A", and its primary
objective was to extend the studies already carried out, and
to apply the selected tests routinely to further cases.

In practice, in about half the patients, as full
investigations were performed as in Part "A", but for the
purpose of analysis, all results have been presented with
respect to the selected tests only.

The secondary objective of Part "B" was to determine
whether any one test alone could be adopted as suitable
for a single routine diagnostic test, divorced from the
support afforded by the simultaneous performance of the
other tests.

For thls purpose it is of course highly desirable
that any selected test must have several characteristics.

(1). It must be simple in the extreme.

(2). It must make minimal demands upon patients time
and upon the time of physician and of technical
staff.

(3). It must, if possible, be such that the minimum
number of patients reguire to be more fully
re-investigated later because ol equivocal
results in the original tests.

(4). 1Its requirements should be economical of
hosplital space, equipment, and facilities if
it is to be suitable for general adoption in

centres other than a well equipped teachilng
hospital.

(5). It must be readily apvlicable to outpatients.
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With these conslderations in mind, the peak uptake
value obviously had several disadvantages, asﬁrequent seriél
invivo gland counts are necessary to be able to define a
peak value, and this was undesirable and impracticable for
a routine test. On the other hand, thyroid ilodide clearance
rates can be measured accurately within a reasonable space of
time.éfter giving the dose, and, .although, as with peak
uptake values, in vivo counting techniques are'required, with
all the necessary equipment, the test is obviously readily
appl;cable to out=-patients.

The 48-hour protein bound plasma activity test, on
the other hand, fulfils all the criteria necessary, and, on
the face of it, appears to be 1ideal. Its reliability had,
therefore, to be tested fully, and this was done by comparing
1t dlrectly with the other indices and with the careful
clinical assessments of the level of clinical thyroid function.

First of all, however, it became necessary to find an
alternative test of the amount of iodide absorbed in the gland
which gave as accurate an estimate of gland activity for
lodide as the peak value. This meant a selection of a time
at which the gland uptake for all cases could be assessed and
at which time the content of the gland would bear some tfwe
relationship to that reached at the peak of the curve. Times

after the peak are obviously unsuitable, for the reasons
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discussed with regard to 24 hours uptakes.

The gland content 4 hours after an oral dose was,
therefore, selected for the analyses of the results of these
investigations, as it was a time manifestly suitable for use
with outpatients, and which was sufficiently late after
administration of an oral tracer dose to eliminate any
variables of gland absorption.

Accordingly, the 4-hour uptake in all the cases 4n
Part A was analysed and compared with the peak uptake. The
results afe,pdescribed in Figure 14 where the open circles
inciude both "normal" and intermediate group cases, all being,
from the diagnostic point of view, "non-toxic”. Solid circles
indicate thyrotoxic cases.

It can be seen that the overlap zone between toxic
and non-toxlc gland function lies, with respect to peak uptake,
between the vertical lines representing a range'from 55% to
70% (as 1n Flgure 6); within this range are some 16 thyrotoxie
and some 7 or 8 non-toxic cases. On the other hand, the
overlap zone for 4 hours gland ubtakes, between the short
hbrizontal palr of lines, includes only about half as many
cases: the chief ones excluded being the thyrotoxic cases
with low total peak gland uptakes. The reason for this is
obviously that in thyrotoxic function iodide absorption is
more rapid as well as being greater than normal, so that glands
thét possibly may not absorb a very high amount at the peak

of the curve, absorb what they do concentrate very quickly,

8o that by only 4 hours after injection they have absorbed
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. almost as much, usually, as they are going to absorb in all.
The result is, theretore, that theif relatively high
absorption atter 4 hours more clearly differentiates them
from non-toxic individuals than even the low peak uptake.

I t can be seen, therefore, that whereas 4 hour
uptakes give essentially the same information as peak uptakes,
they are preferable to it as being slightly more specific in
their differentiation of the types of function, and they are,
of course, very much moré readily measured.

Accordingly, the results of the cases investigated
in Part B were all analysed with respect to three indices,

(1) the 4 hour gland uptake, béing an index

of the absolute uptake and: gvidity of
the thyroid for lodine.

(2) The thyroid iodide clearance rate about
1 hour after an oral tracer dose being
an index of the rate of lodide absorption
into the gland, in contrast to the amount
absorbed.

(3) The 48-hour protein bound plasma activity,
" beling an index of the capacity of the gland
to syntheslse thyroxine and discharge 1t
into the blood. '

For the purpose of the presentation of the results
of this investigation, the results of all the cases observed
in Part B (detalls in Appendix V1 and V1l) have been combined in
Figures 15-20, with the results obtained from the patients dn

Part A. It 1s felt that thereby aiditional information can
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be dérived from the pooled results, information which
allows us to compare carefully the ﬁhree tests under review,
and lets us balance their relative advantages and dis-
advantages.

In these filgures the black symbolg indicate
" thyrotoxic patients, ot all grades of severity (see Filgures
‘15-17), and the open circles indicate ﬂon-toxic patients,
the "normal" and "intermediate" group ‘cases I Part A being
combined with all the non-toxic cases in the second series
of investigations i Part B. From the non-iéxic cases,
those patients who at any stage ralsed in the mind of one
or more observers the possibility that he or she might be
thyrotoxic have been extracted and are represented in the
figures as the "Doubtful" sectlon of non-toxic patients.
These cases were, however, all finélly clinically classified
as non-toxlic desplte the initial clinical impression.
The "Definite" cases were those about whose normal thyroid
function there was no doubt, and there was unanimous
agreement clinically that they were not, in fact, thyrotoxic.

It can readily be appreciated that it is the
differentiation of the ?Doubtful} non-toxic" category from
the "Grade 1, thyrotoxic" group which is the most difficult
and important clinically, and any valuable routine test of
thyroid function must be able to separate them fairly

accurately.
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The following remarks, therefore, apply to the
1nterpretation of the data provided by the combined groups
of cases, representing a total of 94 normal_person@;ggkients
classified as non-toxic, and 83 patients with one or other
of 4 clinical grades of severity of thyrotoxicosis.

J=-Hour Gland Uptake

The results of the analysis of the gland uptake
figures after 4 hours are shown in Figure 15. It 1is again
apparent, as occurred in t:ie original group of cases, that
there 1s roughly a gracdual gradation in the result‘of this
test that parallels the clinical gradation in severity
throughout all cases.

Nevertheless, the 40% uptake level in 4 hour readings
appears to separate fairly well the non-toxic from the
thyrotoxic individuals, the latter almost invariably having
a 4 hour uptake greater than tnls 5 the few exceptions were
in cases of legser degrees of severity. In nearly a dozen
‘cases, however, uptakes of greater than 40% were encoﬁntered
~ in non~toxic persons. These higher uptakes usually
occurred in patients with a goitre, and were Jjust in that
group of peopie in whom the clinical differentiation was
most difficult; some non-togic nodular golitres had very
high 4-hour gland uptakes, in particular cases 111, 134,

141 and 1409.



%

>>

%

5 54 #
U*n 9|-lU
34 24

1GI

/\ L}
4 44
6 1'%

1%

555 5

344
1%/ "-M

44

5555

55

244 N



~61=

This pooled information might, therefore, be said
to show that 4-hour uptake values only misdiagnose: a
thyrotoxic patient very rarely, pbut that some non-toxic
patients react, with regard to this particular test of

tuyroid funcuvivii, &8s though they were thyrotoxic.

Thyroid Clearance Rates

A The results of the thyroid clearance rates are
similarly presented in Figure 16. It was found, in
agreement with Pochin (1950), that thyrotoxicosis is
usually associated with clearance rates over 80 ml - per
minute, but on the other hand, this large group of cases
included an appreciable number, 17% of total thyrotoxic
cages, with clearance rates between 30 and 80 ml. per minute,
rates commonly encountered in non-toxic persons. Furthermore,
only 38% of thése cases with low clearance rates were of the
mildest, Grade 1, severity, the remainder belng quite
definitely toxic and two cases were moderately severe.
_The extension of this study to the cases of Part B reveals

3 cases, Nos.1l0l, 121 and 134, with rates over 90 ml. per
minute, the level of thyroid function in two of them belng
indubitably normal.
Therefore, just as 4 hour uptakes chiefly mispléced

non-toxic cases with high uptakes, this experlence in the
combined groupg of cases suggested that the chief defect

of clearance rates is that some toxlic cases with low rates
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behave with thls test as 1f they were non~texic.

48-hour Protein-Bound Plasma Activity

Figure 17 summarises the results in all cases of
the estimates of protein-bound plasma activity. Even with
the lncrease in the number of cases beyond those studied in
Part A of thils investigation, and represented in Figure 12,
there s8tlill remains a very shapr demarcation between the
two groups. All the thyrotbxic cases in whicn the test was
performed except 4 (6%) had activities in excess of 0.4% per
litre, and no non-toxic cases at all fell into this toxic
range, glving an overall accuracy of 98% in the assignments
of the case to the correct clinical catégory, takiﬁg a
concentration of 0.4% per litre as the division petween non-
toxic and thyrotoxic gland funetion. It should be noted that
three of the four toxic cases with low or negligible
activities were only of Grade 1 severity, and the possibility
of an error in clinical classiflication should always be borne
in mind. Throughout this work the essentlal base line has
had to be the'eveﬁtuél clinical classifications, buﬁ it is
~conceivable that in some cases the objéctive test may be the
more accurate. After all, the eventual value of any objective
test ‘must Dbe its apility to make diagnostic:decisions easier,
and so make it possible for the cliniclan to omit lengthy

and time consuming clinical assessments.
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gonclusions derived from Part B
.it appeared therefore, that if these three tests
4-hour uptake, thyroid clearance rates, and 48 hour protein-
’bound plaSma activities, w=re directly compared over a large
number of cages, 1t could be concluded that: |
(1) 4 hour uptakes gave an overall accuracy of
diagnosis, in agreement with the baseline of

clinical assessment of 93%;

(2) Thyroid clearmnce rates gave an overall
accuracy of 91% and

(3) 48 hour protein-bound pnlasma activity
estimations gave an accuracy of 98%.

Furthermore, 1t appeared that there was, as héd been
previously suspected, a gradation in the clinical severity of
the.cases which roughly corresponded to the gradation.in the
results of the tests that measured uptake of lodide into the
gland, whether of absolute amount, or of rate of uptake. This
can be well seen by study of Figures 15 and 16 and of Figure 18,
where 4-hour uptake and thyroid clearance rates in all-caseé
where both were observed, are related to each other. It can be
seen that the vast majority of high uptakes were assoclated with
high clearance rates, and that this associagtlon occurred in
thyrotoxic patients. Conversely, low uptakes and rates were
found together in most non-toxic patients. There was, however,
a considerable overlap in as much as a number of non-toxic and
thyrotoxic cases had high uptakes with low clearance rates, the

high uptaies correctly placing the thyrotoxic cases,
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and the low clearance rates correctly placing the non-toxic
cases. (Cases 1in top left hand corner of figure). Only
3 cases, twWo non-toxic and one toxic, had both tests at
variance with that which was exvected from their clinical
Acategory.

Therefore, the suoportive value of carrying'out two
tests simultaneously Dbecame less if both tests were those
measuring amount or rate of uwntake, nigh uptakes assoclated
with low clearance rates being a feature common to poth
thyrotoxiec and non-toxic persons. There was manifestly some
other factor which more closely related with clinical
clagsification than either of these indices, and the experience
in this study would suzgest that this factor is adequately
represented by a measure of the nrotein-bound plasma activity
which is, as already mentioned, merely labelling the level of
circulating thyroxine, and as such would be expected to be a
more accurate diagnostic index.

This can be clearly seen if the 48-hour vrotein-bound
plasma activity values are directly compared with sach of the
other two indices. 1In TFigure 19 are plotted the 4-hour uptake
figures against the 48 hour protein-bound plasma activity.

It can be clearly seen that high uptake figures are usually
associated with high levels of protein-bound activity, and
conversely, but that in the case of the non-toxic cases with

high untakes, their low protein-bound activities accurately
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places them in the non~-toxic category. Similarly, the
‘cases With low and borderline uptake figures are shown,
where toxlc, to be accurately classified by their raised
levels of protein-bound activity, the only exceptions being
the four toxic cases with negligible activity in the plasma,

If this maneouvre is repeated with respect to the
clearance values, Eigure 20, it can be seen that high
clearance rates are usually assoclated with plasma protein-
pound activity levels well within the toxic range, except
in the case of thdse non=-toxic patients with high clearance
rates. There are, in fact, shown to be non-toxic by their
low protein=-bound activity. More striking, however, is
the way in which those cases considered to be toxiec, but with
low clearance rates, are shown to be toxic by their high
plasma values. Once again the four thyrotoxic patients with
low values are the anomalous cases. All four of thnese
cases had 4-hour uptakes over 40%, two had clearance rates
well outside the normal range, and two had clearance rates
around 80 ml. per minute. It is possible that the latter
two are wrongly classified clinically, and the former two
are the only cases in the series where the 48=hour protein-
bound plasma activity test has failed definitely to glve a
positive indication of existing thyrotoxicosis.

Reliance on this test alone, therefore, on the basils
of the cases here represented, would give more consistently

accurate and diagnostic information than any other test alone.
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It would appear that no non-toxic cases would be suspect of
being thyrotoxic, and only thé exceptional thyrotoxic case
would be misdiagnosed. It manifestly has very many advantages
over any test involving the collection of urine, or any test
where gland, or gland and thigh, counting is required, as such
‘tests tend to be time consuming both to staff and patient, and
to require an accurate geometrical set up of the equipment used.

The fact that the patient does not need to come into
contacﬁ with any counting equipment, and that only two short
visits are required, one to administer the oral dose of 25=30
micro+curies, and another for a few minutes 48 hours later
for a venefpuncture, makes it an ideal and simple test for
routine apprlication as an in-patient or out-patient diagnostic
technique. It is, in fact, therefore potentially applicable
in a fashion which renders an objective test of thyroid
function as easily performed as a Wasserman reaction, or any
diagnostic investigation where all that is required from the
patient is a sample of blood.

It was felt to be worthwhile, therefore, to test this
latter statement by applying the method 1in practice, as an
isolated diagnostic index ;x}attempt to provide an easy means
whereby other clinicians could be afforded diagnostic assistance.

Accordingly, with the co-operation of a physiclan in

Nottingham General Hospital, over 50 miles from Sheffleld,
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48 hr, ectivity
No, Total Erotein bound
y.) Zlitre

1.23

0.6

3.5

1.7

0.62
0.19
0.8

1,62

0.1

Table II

Regults of OQutpatient tests of 48 hour

plagma activity estimations at

Nottingham General Hospital.

0.98
0.6

2.8

1.3

0.56
0.14
Not done

1.0

0.1

Diegnosig
given

Toxic
Probably toxic

Very toxic

Toxic

Probably toxic

Non-toxic

- Possibly toxic

Toxic

Non-toxic

Clinicel Impression
at Nottinghem
"iild thyrotoxicosis®
"Probably toxict
"Probably not toxich
(Exophthalmos, palpitations,
sweating, nervousness)
"Not now toxic,
although was so in
19501
"Probably not toxict
inxiety state®
Frobably thyrotoxicosisgh
"Probably thyrotoxic!

"Normalt
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Dr. H. Miller and I arranged to despatch once per week,
diaghostic doses-of radioactive iodine which were administered
to patients in Nottingham. Blood plasma samples withdrawn
48 hours later were returned to Sheffield for assay of
their protein-bound plasma activity. The results are shown
in Table IT.

It can be seen that the predicted diagnosis made from
the activites found in the samples agreed well with the .
clinical diagnosis made in Nottingham and forwarded subsequently
to Sheffleld with detailed casé reports. It is felt that the
cases where the results are inconsistent, represent probable
errors in clinical assessment in Nottinghaﬁ rather than
misleading results of the radiocactive lodine test. Later
clinical evaluations 1n the light of this test will’almost
certainly be revised. |

Discussion of Value of Tests using Radiocactive Todine in the
Diagnosgls of Thyrotoxicesis

The diagnosis of thyrotoxicosis‘can usually be made on
the basis of history and physical examination alone. There
are, however, many cases in which additional information is of
great value and the problem of overactivity of the gland is
always raised if the patient has a goltre and especially if
there is in addition techycardia. All patients who have had
thyrotoxicosis in the past, and who have been treated, present
difficulties in assessment. It is well knqwn too, that many
patients with an anxiety state may stimulate thyrold disease,

1n some respects.
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The estimation of the blood cholesterol is
acknowledged to be of little value in hyperthyroid states
although 1t is of value in hypothyroidism, and Sheffield

experience agrees with that of Peters and Han, (1950) and of

Bartels, (195C). An estimation of the basal metabolic rate,
on the other hand, can be of some value if done in hospital
and in duplicate, out on balance the experience of Jaffe and
Ottoman, (1950) who found only a 67% agreement when they
correlated the clinical findings with estimations of basal
metabolic rate, is fairly general and emphasises the frequent
lack of value of the test where there is clinical doubt.

(Cf. Figure 5). _

Rapvort and Curtis, (1950) claim that the chemical
estimation of the protein~pound iodine in the plasma 1s the
best measure of thyroid function, and while this is probably
the case, the technical difficulties involved in carrying out
the determination accurately are much greater than in making
observatioss with radioactive idoine, and this will remain
the case until simpler methods, such as that of Barker,
‘Humphrey and Soley (1951) are available.

Observationg with radiocactive iodine are not difficult
to perform, once the basic equipment has been obtained, and
where possible several types of test should be simultaneously
carried out. If, however, it is desired to carry out routine

observations on a large number of cases or to investigate them




as outvatiente, 1t becowes necessary to select one, or at the
most two, of tne tests.

As agsessment ot the total amount of radioactive
iodine that 1s absorbed by the thyroid gland, or excreted
by the urine, indicates the inorganic ilodide retaining cavnacity
of the thyroid gland, a capacity which is known to be
conslderably influenced by previous administration of iodine
or by the exhibition of drugs which have an effect on thyroid
functions, such as thlocyanate, the thiouracil group, or
resorcinol, (Bull and Fraser, 1950); furthermore, the capacity
of the gland to retain the lodine may alter very considerably
within a short time after cessatlon of administration of the
drug. Nevertheless, 1lodide retaining capacity is a function
of the thyroid gland which 1s very greatly increased in
conditions where there 1is clinical evidence of increased
thyroid activity. Measuremsnts of the degree and rate of
this uptake, therefores, provide an index of thyroid activity
which, in the majority of cases, separates those persons with
normal function from those with hyperthyroidism or with
hypothyroidism. The degree of overlap, however, 1s such
that the test is of less value 1n thneldifficult intermediate
groun of cases where there 18 a possibility of mild
hypertayroidism, or, alternatively, where the symptoms may

be due to a non-toxic goltre with superimposed anxiety state.
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Experlence with observations of the uptake after a
few hours only, however, appear to show that this is possibly
of greater value than the observations of peak uptake, and
4-hour uptakes are certainly very much preferable to
observation of tne uptake after 24 hours, an 1ndex accepted
by several clinical centres as suitable for routine adoption
as a routine diagnostic screening test. (Werner, Hamilton,
Leifer and Goodwin, 1950; Jaffe and Ottoman, 1950).

Recently, Miller, Dailey, Holmes, Alexander, and
Sheline, (1951) have shown that the absolute uptake into the
gland at any particular time between 2 and 7 hours after
administration of the dose is of considerable diagnostic value;
Kriss (1951) has demonstrated that the gland uptake one hour
after an intravenous tracer dose i1s able to differentiate
sharply between ewthyroid and hyperthyroid individuals, and
that it also is greatly superior to 24 hour uptakes in rapidity
of execution, and improved.diagnostic accuracy. Both these
observations are in agreement with the findings of this series
that gland contents at an early part of the uptake curve hawe
conslderable diagnostic utility.

Urine excretion of radioactive iodine is subject to
the same objections as gland uptake, with, in addition, the
added difficulties inherent in the collection of urine samples.
It 1s moreover, very much less suitable as a diagnostic
pProcedure applicable to outpatients, and the only merit is'the

relatively small dose of radioactive lodine necessary for 1ts
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performance. Skanse (1949) however, professes great faiﬁh
in the diagnqtic accuracy of the results obtained from
analysts of 48 hour excretion samples of urine.

Annott‘(1951) claims, moreover, that it is possible
to devise a technique and organisation that permits of the
application of the method of Arnott, Emery, Fraser and Hobson
(1949), to routine outpatients in a General Hospital. The
method involves the collection of urinary samples in divided
time intervals over 48 hours, but equivocal and undiagnostic
results are obtained in 10% of cases. Additipnally, moreover,
there is continual uncertainty regarding the accuracy of
the urine collection, an accuracy which 1s necessary if the
results are to be proverly interpreted in the light of past
experience. Experience in Sheffield, and in most Amertean
centres, is rather suggestive that the simplicity of urinary
techniques 1s not repaid by sufficient’ diagnostic .  accuracy .
with the results obtained by them.

Of the figures which give evidence of the speed of
uptake of iodine by the gland the best is probably the thyroid
clearance rate, Myaﬁt, Pochin, and Goldie (1949), but Keating
Wang, Luellen, Williams, Power, and McConahey, (1949), found
that low clearances may occur iﬁ cases of undoubted ﬂhyrotoxicosis
and the experience in the series here described is similar.

Pochin, (1950) has suggested a simple method of
obtaining a measure of thyroid clearance rate by taking the

ratio of counts obtainable over the thyroid to the counts over
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the thigh one hour after a dose of radiocactive iodine. This
method, though simple, is less accurate than, and has the same
defects as the measurement of clearance rates using the method
which involves the taking of blood samples and the same criticism
applies to that of Foote and Maclagan (1951) who measure‘thigh-
neck clearance.

The methods so far discussed give figures which are
related to the lodine concentrating and retaining capacity of
the thyroid gland. The measurements next to be considered are
‘relatedd to the amount of circulating thyroxine and would appear,
a.priori, more likely to give figures which would correlate well
with the deviations of the individual from normal thyroid
function. This is found in fact to be the case. The total
plasma activity correlates well and the protein bound activity
-agress very well with the clinical assessment of patients. The
most striking difference between these results and those obtalned
by all the other methods of assessment with radioactive iodine
1s the way in which nearly all the normal and non-toxic group
of patients fall in the normal range.

There is no doubt that measurement of the protein-bound
activity of the plasma 48 hours after the administration of a dose
of radioactive iodine is the figure which best separates the
clinically toxic from the non-toxic group of individuals. This
Séparation is essentially between those patlients who require

treatment and those who do not as there must undoubtedly be a
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complete "spectrum" of thyroid activity running from complete
myxoedema to severe thyrotoxicosis.

The sensitivity of the test at present is not, however,
such that measurements of the 48 hour protein-bound plasﬁi?i;;}ty
differentiate between patients in the normal and "intermediate"
groups studied in Part A of this thesis. There is such a
slight difference between the groups if mean tptake figures
are compared in the two groups (Table II) and this is not
- reflected in the protein-bound éctivity estimations. It is
likely that with improved counting technique it may be possible,
with the same dosage used in this study, to demonstrate that
there 1s in fact, a gradation of protein-bound plasma activity
at 48 hours throughout the Intermediate'group. It is
- understandable that a patient who had had a previous thyroid-
ectomy, and presen@éclinically with symptoms suggestlive of
thyrotoxicosis, should have some slight disturbance of thyroild
function even if it is not of sufficient degree to constitute
frank thyrotoxicosis. The results of the present study have
shown that the presence of the clinical manifestations of
thyrotoxicosis ére in fact associated with protein-bound plasma
activity at 48 hours usually in excess of 0.4% per litre, but,
with improvements in counting technique it can be anticipated

that it will become possible to separate out lesser degrees

of abnormality of thyroid function.




Table III

Regsults, typical of many others, showing

reproducibility of radiocactive iodine

tests of thyroid function.

Cage hr, gland
No. uptake
FIRST SECOND
TEST TEST
#_dosge
Toxic cagesg
165 79 78
175 46 48
I.0. 19 19
A.C, g2 &4
J.B. | 57 . 68
Non~toxic cageg -
36 37 36
125 13 21

48 hr, protein-bound
plagma activity

FIRST SECQND
%_dose/litre

2.4 2.7
0.67 0.57

0.9 1.2

105 1‘5

1.2 1.2
negligible negligible

negligible’ negligible
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Radioactive iodine tests of thyroid function are
essentially reproducible in a given individual, provided that
the test 1s carried out on successive occasions under the same
conditions. We have not felt justified in repeating
observations on individuals with demonstrable normal thyroid
function, except n a few exceptional cases. Observations can,
however,'justifiably be repeated in thyrotoxic patients who
may be subseguently goling to receive therapesutic drinks of
radioactive iodine, and experience with such patients shows
that, with regard to 4 hour uptake figures and 48 hour plasma
protein~bound activity levels especially, the results are
closely reproducible, within the limits of bilological
variapility and the statistical accuracy of the physical
techniques used.

Typical repeat test results are shown in Table III, in
a selection of 5 thyrotoxic and 2 non-toxic patients, the results
being representative of many other similar observations that have
usually peen made in connection with studies of the pharmacological
effect of drugs pn thyroid function.

The few cases which gave anomalous and borderline results
in the 48 hours plasma aotivity test must now be considered and
the relevant information has been collected in Figure 21.

Cases 87 and 180 showed results in all the tests which fell into
the overlap zones, and it is possible that these patients
clinicaily assessed as only grade 1, were, in fact, not sutriering

from thyrotoxicosis.
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cases 61 and 166 fell into the toxic group both clinically
(grade 3) and 1in respect of peak and 4 hour gland uptake and
clearance rate. There may well have been an error in assay
of protein-bound activity in these instances.

| All three of the non=-toxic cases with 48 nour protein=-
bound plasma activities of appreciable degree, pbut less than 0.4%
per litre, had results in the other tests that were coniirmatory
of their non-toxic clinicali states.

It is our experlence that when a case was really difficult
to classify clinically, we found subsequently that the iodiné
uptake figures and clearance rates were equally unhelpful.
Nevertheless, the 48 nour protein-bound plasma activity estimation,
neing a functional index of cireudating thyroid hormone, and quite
gseparate irom otiner indices measuring lodine uptake, would appear
to assist in the further classification of these difficult cases,
Ior in many such doubtful cases 1t is the only index that agrees
with the ultimate clinical diagnosis, a diagnosis frequently only
reached atter wmany montns.

In agreement with other workers, recent previous
administration of iodine containing compounds, especlally those
used for diagnostic radiological procedures such as cholecystograms
vas found to depress ilodine uptake figures considerably and
render a radiocactive iodine test invalid. All cases included in
this series had not had any previous iodine administered.

Ikvertheless, in two cases not included in this series, clinical
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frank toxicity was assoclated with elevated 48 hour plasma
protein-bound activity values, whereas the gland uptake figures
feli within the normal range. Both cases had had recent
iodine administered to them, one in the form of a cholecystogram
four weeks previously, and the other large doses of imorganic
jodide within the previcus three weeks. Keating, Haines,
_power, and Williams, (1950) found that the depressant effect
of iodine seldom lasted longer than two weeks, but that a
cholecystogram might depress gland ﬁptake of lodine for many
months. The &ngestion of thyroid extract also depresses
iodine uptake very considerably (Skanse and Riggs, 1948).
Furthermore, the renal excretion rate of lodide is
proportional to the plasma concentration of radioactive liodine,
and the renal clearance rate nas the same value in normal and
in thyrotoxic subjects myanp’and Goldie (1949). 1In the
presence of renal disease, however, when renal excretion of
the isotope is delayed, it is possible to obtain abnormally
high uptakes of radioactive iodine into the gland, thus

possibly givingz the impression of overactive thyroid function.

In such circumstances there is no rise in the total or protein-

bound piasma activity at 48 hours, and, by this criterion,

toxicity would not be suggested.
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